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Abstract
Pain is a major health problem in the United States (U.S.), and early effective pain relief is a national
priority. The U.S. military population shares in the burden through pain experienced in military- and
nonmilitary-related duties. Although precise estimates of pain in military service members are not
available, studies document that many military members receive treatment for pain. Because of the
burden of pain in this population it is essential to understand pain-specific interrelated physical, mental,
and social health outcomes to improve pain management.
This dissertation examined the magnitude of pain in military personnel, and explored pain-related
outcomes. A comprehensive integrative review highlighted the challenges surrounding pain in the military
population, and identified factors associated with acute and chronic pain. A secondary analysis was
conducted using Pain Assessment Screening Tool and Outcomes Registry (PASTOR) data collected over
time from a sample population (N=190) receiving specialty care in a military interdisciplinary pain
management center. Results revealed that military members with neuropathic pain may experience more
sleep-related impairment compared to those with nonneuropathic pain. Further, the analysis of percent
change from the first PASTOR assessment to the third assessment showed improvement in pain intensity,
pain interference, physical function, fatigue, sleep-related impairment, anxiety, and anger. However, higher
levels of depression were evident over time. Additional multilevel modeling demonstrated that as pain
intensity and pain interference increased, there was a small but statistically significant decrease in
satisfaction with social roles.
This study elucidated the complexities of pain by identifying associations between pain intensity and pain
interference, and pain-related outcomes. It supports the growing body of evidence demonstrating that the
use of a standardized patient-reported outcomes system, such as PASTOR, captures the interacting
biopsychosocial health problems encountered with pain. A systematic and comprehensive point of care
collection of pain-related outcomes is central to effective pain management across the continuum of care
with the overall goal of improving quality of life and returning military personnel to optimal functioning.
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ABSTRACT
PAIN IN ACTIVE DUTY MILITARY MEMBERS: THE RELATIONSHIP OF PERSISTENT
ACUTE AND CHRONIC PAIN WITH PHYSICAL, MENTAL, AND SOCIAL HEALTH
Christine E. Bader
Rosemary C. Polomano
Pain is a major health problem in the United States (U.S.), and early effective pain relief
is a national priority. The U.S. military population shares in the burden through pain
experienced in military- and nonmilitary-related duties. Although precise estimates of
pain in military service members are not available, studies document that many military
members receive treatment for pain. Because of the burden of pain in this population it is
essential to understand pain-specific interrelated physical, mental, and social health
outcomes to improve pain management.
This dissertation examined the magnitude of pain in military personnel, and explored
pain-related outcomes. A comprehensive integrative review highlighted the challenges
surrounding pain in the military population, and identified factors associated with acute
and chronic pain. A secondary analysis was conducted using Pain Assessment
Screening Tool and Outcomes Registry (PASTOR) data collected over time from a
sample population (N=190) receiving specialty care in a military interdisciplinary pain
management center. Results revealed that military members with neuropathic pain may
experience more sleep-related impairment compared to those with nonneuropathic pain.
Further, the analysis of percent change from the first PASTOR assessment to the third
assessment showed improvement in pain intensity, pain interference, physical function,
fatigue, sleep-related impairment, anxiety, and anger. However, higher levels of
depression were evident over time. Additional multilevel modeling demonstrated that as
v

pain intensity and pain interference increased, there was a small but statistically
significant decrease in satisfaction with social roles.
This study elucidated the complexities of pain by identifying associations between
pain intensity and pain interference, and pain-related outcomes. It supports the growing
body of evidence demonstrating that the use of a standardized patient-reported
outcomes system, such as PASTOR, captures the interacting biopsychosocial health
problems encountered with pain. A systematic and comprehensive point of care
collection of pain-related outcomes is central to effective pain management across the
continuum of care with the overall goal of improving quality of life and returning military
personnel to optimal functioning.
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CHAPTER ONE
Introduction
There are few responsibilities of the health care professional that surpass the urgency
and importance of pain relief.1 Since the terrorist attacks in 2001, training and
deployment have greatly increased in the United States (U.S.) Armed Forces, increasing
the risk of injury and pain to military members. This population, with potentially both
physical and psychological injury and pain, represents a unique challenge to the health
care provider. Musculoskeletal pain (MSP) is common in the military with documented
increases in spinal pain during military training and deployment.2 Eighty-two percent of
the 743,547 active duty (AD) injury-related musculoskeletal conditions recorded in 2006
were attributed to pain and inflammation from overuse (most recent available data)3 and
the most common reasons (24%) for medical evacuation from Operation Iraqi Freedom
(OIF) and Operation Enduring Freedom (OEF) are associated with musculoskeletal and
connective tissue disorders.4,5
The Department of Defense (DoD) and the Department of Veterans Affairs face
challenges in caring for the large cohort of military veterans with painful conditions
stemming from service in OIF and OEF.6 Significant and substantial advances in military
medicine have enabled more service members to survive wartime injuries than in
previous wars.7 The mechanism of injury (e.g., improvised explosive device, or IED)
coupled with the increased rate of survival have increased the number of patients
needing treatment for pain.8 Patients with burn injury and major limb trauma including
amputations may endure multiple surgeries, extended periods of time in rehabilitation,
and neuropathic pain.9 Neuropathic pain post-amputation is a challenging pain condition
to treat,10 and in addition to postsurgery amputation, neuropathic pain in the military may
1

result from injury due to blast, burns, or blunt trauma that cause damage to internal
organs where pain is not well localized.9 Posttraumatic headache, occurring in up to 92%
of military personnel who have sustained a traumatic brain injury,11 is associated with
chronic daily headaches.12,13 Some struggle with physical functioning,14 sleep-related
impairment,14-16 depression,14,15 generalized anxiety,14,17 and anger18 secondary to pain.
Based on studies conducted in the civilian population, patients with pain may also be at
risk for fatigue,19,20 depression,21-26 and reduced satisfaction with social roles.21,25 An
increased appreciation and understanding of the biopsychosocial aspects of pain,
combined with a multimodal, holistic approach to pain care, will assist the military
community in providing pain relief and achieving improved patient outcomes, which may
then be transferred to the general population.27
The purpose of this dissertation research is to analyze longitudinal pain data,
gathered over a 10-month time period, to inform researchers and clinicians of potential
pain-related health problems in AD service members. The specific aims are to:
1. Examine the state-of-the-science of musculoskeletal pain and headache in the
AD military population (Chapter 2);
2. Compare physical function, fatigue, sleep-related impairment, depression,
anxiety, and anger over time for those who screen positive for neuropathic pain
and those who screen negative for neuropathic pain (Chapter 3);
3. Describe the patterns of change over time in pain intensity, pain interference,
physical function, fatigue, sleep-related impairment, depression, anxiety, and
anger (Chapter 4); and
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4. Examine the effects of pain intensity and pain interference over time on
satisfaction with social roles controlling for physical function, fatigue, sleeprelated impairment, depression, anxiety, and anger (Chapter 4).
The background section of this dissertation provides information about the
magnitude of pain in the general population to contextualize its significance in the U.S.
military population. It addresses the military’s assessment and recognition of the
problem, plans to improve pain management, and the biopsychosocial pain correlates
that influence health outcomes such as symptoms and functional status. This material
builds the foundation for the dissertation’s scientific questions, methods, and designs.
(See Appendix 1 for the use of select terms in this review.)
This chapter aims to introduce the pain phenomenon in the AD military population by
providing background information on its biopsychosocial complexities as well as the
impact of pain on psychosocial factors. Chapter 2 provides an integrative review of the
published literature between 2001 and 2016 to examine the incidence, prevalence, and
risk factors for MSP and headaches in AD military populations. The review expands the
body of knowledge about the burden and development of pain in this unique population.
Chapters 3 and 4 present findings of a secondary analysis of longitudinal data collected
through DoD’s Pain Assessment Screening Tool and Outcomes Registry (PASTOR).
Data were collected from May 27, 2014 through March 31, 2015 in the routine clinical
care of a military cohort of AD service members from Madigan Army Medical Center,
Tacoma, WA.
PASTOR is a computer-based system that administers National Institutes of Health
(NIH) PROMIS® (Patient Reported Outcomes Measurement Information System)
measures on pain-related domains. NIH PROMIS is a validated set of comprehensive,
3

person-centered measures that assess physical, mental, and social health in adults in
general and specific population samples.19,28-33 The administration of the items can be
tailored to individuals utilizing item response theory. In addition to the PROMIS
measures, PASTOR incorporates the validated Defense and Veterans Pain Rating Scale
(DVPRS) (see Figure 1),34 questions related to demographics, an anatomical map for
pinpointing pain areas, and measures such as medication usage. PASTOR uses
Computer Adaptive Testing (CAT) that allows for precision in outcomes measurement
while decreasing response burden35 across a broad spectrum of biopsychosocial
domains including pain intensity, pain interference, physical function, sleep-related
impairment, fatigue, depression, anxiety, anger, and satisfaction with social roles.
PASTOR also screens for neuropathic pain, posttraumatic stress disorder (PTSD), and
opioid use and incorporates a section for free text.
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Figure 1 Defense and Veterans Pain Rating Scale

At least three data time points are available in PASTOR for 190 patients referred to
Madigan Army Medical Center Interdisciplinary Pain Management Center for routine
non-injury specific pain care over a 10-month period. These repeated patient- reported
outcome (PRO) measures enable comparisons of PROMIS measures for those who
screen positive or negative for neuropathic pain (see Chapter 3). The data also allow for
identifying and characterizing trends over time in pain intensity, which is measured using
5

the DVPRS, and PROMIS Pain Interference, Physical Function, Fatigue, Sleep-related
Impairment, Depression, Anxiety, Anger, and Satisfaction with Social Roles (see
Chapter 4). This analysis advanced symptom science by generating new knowledge
about the impact of pain on multiple biopsychosocial variables that have not been
adequately tested in existing studies of AD service members.
Background and Significance
Pain as a National Public Health Priority
Pain is a common symptom of injury or warning of a more serious disorder and is
experienced in highly individualized and subjective ways. Pain is increasingly recognized
as a disease state of the periphery, spinal, and supraspinal levels of the nervous
system.36,37 Pain in the U.S. population is a major public health problem, and the U.S.
military shares in the burden. According to the National Academy of Medicine (previously
the Institute of Medicine [IOM]) approximately 30% of the U.S. population suffers from
chronic pain, and 43% of veterans have any pain.6 Nationally, it is estimated that 100
million adults suffer from acute and chronic pain, with medical treatment expenses and
lost productivity costing between $560 billion and $635 billion annually.6,38 Further, there
is international recognition of the need to improve pain care and break down barriers
between knowledge and application. For some, attitudes must turn from denial and
avoidance to trusting a person’s expression of pain severity and providing an effective
and honest response.6 As such, the burden of pain to the individual and to society
requires a cultural transformation in the United States in the ways that it is understood,
assessed, and treated.6
To address this prevailing health problem, IOM’s 2011 report, Relieving Pain in
America: A Blueprint for Transforming Prevention, Care, Education, and Research,
6

outlines barriers to effective pain management and proposes recommendations for
improvement across four major areas: data collection and reporting; availability and
effectiveness of pain care; public, patient, and professional education about pain; and
preclinical, translational, and clinical research.6 This report, in addition to other studies,
identifies a lack of quality data examining acute and chronic pain experiences, and calls
for more studies to characterize pain and related outcomes to address the significant
gaps in pain science.6,8,39-42 In addition, the recently released National Pain Strategy,
which is aligned with the 2011 IOM report, provides clear objectives and action plans to
bring national attention to the significance of understanding the scope of pain and
urgency in directing evidence-based pain care.42
Pain-Related Issues in the Active Duty Military Population
Pain in the military population encompasses a broad spectrum of pain-related issues
such as fatigue, depression, and anxiety, resulting from battle and nonbattle injuries
experienced in the military setting. Since the onset of the recent wars, more than 50,000
military members have sustained a combat-related injury, and an explosive mechanism
accounted for 78% of those injuries.43,44 Due to multiple mechanisms for injury and
extensive tissue damage, the risk for developing chronic pain may be higher in combatinjured military members than the noncombat injured, especially among those who
sustain blast trauma compared to those sustaining noncombat injuries.45 In addition to
pain from combat trauma, there is evidence that complaints of spinal pain increase
during military training and deployments.2 Childs et al. (2014) report that lower back pain
is common among deployed service members, and is a leading cause of medical
evacuation from OEF and OIF.4,5 Pain and inflammation from overuse was attributed to
82% of the 743,547 injury-related musculoskeletal conditions recorded in 2006, with
7

lower extremity (35%) and vertebral column (31%) among the top two locations of
inflammation and pain (overuse) injuries.3 Additionally, it is estimated that there are more
than 1.6 million injury-related medical encounters in the Military Health System (MHS)
annually.3 The prevention, control, and management of pain is complex, and is a priority
for the MHS.
The importance of identifying psychosocial correlates of pain has been
acknowledged and studied, but results have been inconsistent.46 Some military
members in pain have compromised physical functioning14 sleep-related impairment,14-16
and struggle with depression,14,15 generalized anxiety,14,17 and anger.18 General
population studies that may be applicable to the AD population have found that pain
patients may be at risk for impaired physical function,21 fatigue,19,20 sleep-related
impairment,20,23,25 depression,21-26 generalized anxiety,25 anger,21,26,47 and reduced
satisfaction with social roles.21,25
Among military members deployed to Iraq and Afghanistan, the combination of
traumatic brain injury (TBI), PTSD, and pain are the most frequently seen comorbidities,
referred to as the polytrauma clinical triad.9,48,49 The physical, mental, and social wellbeing of military members and veterans are profoundly affected by this polytrauma
clinical triad,50,51 which can be a challenge for the health care provider to diagnose and
treat.49 Of 613,391 OIF/OEF/Operation New Dawn veterans receiving at least one
episode of care in Veterans Health Administration (VHA) facilities from 2009 through
2011, 40.2% and 6% were diagnosed with pain and the polytrauma clinical triad,
respectively.48 The triad may play a role in the relationships among pain and physical,
mental, and social health conditions; more research is needed to better understand
these relationships.
8

Chronification of Pain
The experience of pain and the development of chronic pain are multidimensional with
detrimental physiological and psychosocial consequences.52 One of the most significant
areas of cutting-edge research is the science surrounding the physiological changes
caused by persistent acute pain that may lead to chronic pain, or what is termed the
“chronification” of pain.25,53-55 The pathological state that results from unrelieved pain
involves changes within the peripheral and central nervous system. These changes
result in abnormal pain processes, leading to central sensitization and neuropathic and
chronic pain states.25 Central sensitization can lead to prolonged treatment and delays in
return to optimal functioning and quality of life.25
This is of particular importance to military populations as DoD continuously works to
improve early effective pain management following combat injuries, both in battlefield
environments and in military hospitals, in the acute stages of post-injury recovery. For
example, studies have been conducted to examine the short- and long-term physical,
mental, and social health outcomes within days of sustaining major limb injuries in
combat. Combat injured service members who received early aggressive pain therapy
show a trend for improvement in these outcomes up to two years after their injury.56
Preservation of the Fighting Force
One of the primary missions of a military health care provider is to preserve the fighting
force.57 Combat survival rates increased from 76% in the Vietnam war to more than 90%
in the Afghanistan and Iraq wars.58,59 With this increase in survival rates comes more
battlefield morbidity, which includes debilitating pain that requires long-term
management.8,38-40 Chronic pain has a profound effect on the thousands of service
members who have experienced trauma or surgery,60 including the 1,645 battle-injury
9

major limb amputations (defined as “loss of one or more limbs, loss of one or more
partial limbs, or the loss of one or more full or partial hand or foot”) that have occurred
since the onset of the wars in 2001.61 With more than 52,000 U.S. military and civilian
personnel wounded in combat between 2001 and 2015,61 understanding optimal pain
management is vital to this population as well as the entire nation.
In response to this urgent problem, in August 2009, the U.S. Army formed the Pain
Management Task Force, charged with developing a comprehensive pain care strategy
to address these needs for DoD.34,62 One of the major recommendations from this task
force was to generate empirical evidence through comprehensive electronic patient
assessment screening. The task force created PASTOR, which, as discussed above,
uses PROMIS measures 34 as well as unique measures such as pain intensity and
neuropathic pain. The PROMIS measures include pain interference, physical function,
sleep-related impairment, fatigue, depression, anxiety, anger, and satisfaction with social
roles; all of which have been identified as important pain domains and pain correlates,
which can inform providers of the impact of pain on patients’ lives.34 Exploring these pain
domains and correlates in the military population is vital to inform treatment decisions,
assist in evidence-based assessment of risks for chronic pain development, and
ultimately affect how health care is delivered in this population.9,63
There is a dearth of information regarding military members’ experience with pain. As
such, there is an urgent need to characterize these experiences using standard, reliable,
and valid measures, and to use PROs to guide evidence-based pain care. PASTOR
provides an innovative PRO platform to address the inconsistencies in pain
measurement tools. PASTOR also has potential to build large databases in clinical care
that can be used to expand pain-related symptom science in military and veteran
10

populations. This analysis of AD service members suffering from acute and chronic pain
defined the extent and characteristics of pain and comorbidities co-existing with pain and
fill a gap in the literature addressing longitudinal studies that examine the
biopsychosocial aspects of pain and the need for effective pain management strategies
that treat the whole patient.
This dissertation also demonstrated how PASTOR data can be used to compare
PROs across types of pain and over time. Identifying longitudinal trends in pain severity,
and symptoms of comorbid conditions is critical to DoD health providers to improve
patient health assessment and deploy health interventions to military personnel at risk
for developing chronic pain. By following individual PROs this work laid the foundation
for improved patient care on both the individual and aggregate levels. There is potential
for PASTOR to be adopted by the VHA and to follow the patient from the MHS to the
VHA for increased continuity of care.
To the author’s knowledge there are only two published research studies utilizing the
PASTOR data.28,64 Thus, the proposed study not only provides new data but also a novel
approach to analyses of these data through longitudinal assessment of pain outcomes.
In addition, the proposed approach using multivariable outcomes with military and
veteran populations aligns with the National Defense Authorization Act of 2010
mandating efforts to address pain treatment in the military and veteran populations.
Conceptual Foundation for the Study
Conceptually, this study supports the biopsychosocial model of pain, which recognizes
that the pain experience, unique to everyone, is the interaction of physical, mental, and
social factors that shape the individual response.65 These three domains are
interdependent and treatment or changes in one domain does not occur to the exclusion
11

of the others.66,67 Recognizing that the three domains interact, this study focused on pain
intensity, pain interference, and neuropathic pain and their effect on the aforementioned
biopsychosocial patient-reported outcomes of physical function, fatigue, sleep-related
impairment, depression, anxiety, anger, and satisfaction with social roles.
Pain interference and pain intensity are treated as separate constructs. Pain intensity
can be viewed as the sensation of pain while pain interference is the reaction to pain.
The relationship between the two is not necessarily linear.68 Serlin et al. (1995) found
that on a pain intensity numeric rating scale of 0 – 10, there was greater interference
with function between steps 4 and 5 and between steps 6 and 7 than between other
steps on the scale. Moreover, a study by Amtmann et al. (2010) reported approximately
25% shared variance (rho = .487) for pain intensity and pain interference, which
supports the concept of related but separate domains.69
Pain interference and physical function are often used interchangeably, but they too
should be clearly defined and viewed as separate constructs.70 A longitudinal study
conducted by Karayannis et al. (2017) reported that while physical function and pain
interference are moderately correlated when measured concurrently, these effects do
not extend over time, and using physical function as a surrogate for pain interference, or
vice versa, is ill advised.70 Pain interference is defined as the degree to which the pain
hinders function and engagement in physical, mental and social facets of life.69 Pain
interference may be more accurately viewed as the consequences of pain on
engagement in activities, whereas physical function is a measurement of the ability to
carry out physical actions to include activities of daily living and social or recreational
activities.70

12

Patient Reported Outcomes and Study Variables
This dissertation utilizes a de-identified dataset of longitudinal PASTOR data collected
from May 27, 2014 through March 31, 2015 during routine clinical care in a military
cohort of AD service members from MAMC. The population included all male and female
AD patients, able to read and write English, 18 years old or older, who presented to the
MAMC IPMC for treatment of pain-related diagnosis or condition. The sample size of
190 patients met the inclusion criteria of having completed the PASTOR measure at
least three times between May 2014 and March 2015. The specific areas of interest are
captured in PASTOR and include pain-specific PROMIS measures as well as items
unique to the military, the DVPRS, and other pain-related questions (Table 1).
Chapter Aims and Methods
Chapter 2
Aim 1: Examine the state-of-the-science of musculoskeletal pain and headache in the
AD military.
Method: This integrative review synthesized the literature on the incidence, prevalence,
and risk factors of musculoskeletal pain and headache in the AD military population
since the onset of OIF and OEF between 2001 and 2016.
Chapter 3
AIM 2: Compare physical function, fatigue, sleep-related impairment, depression,
anxiety, and anger over time for those who screen positive for neuropathic pain and
those who screen negative for neuropathic pain.
H1: Differences in physical function, fatigue, sleep-related impairment, depression,
anxiety and anger will be found between those who screen positive for neuropathic pain
and for those who screen negative for neuropathic pain.
13

Method: A positive score of neuropathic pain will equate to endorsing at least a
moderate amount of neuropathic pain symptoms on one area of the neuropathic pain
scale for each of the three consecutive time points. Multi-level modeling, with repeated
measures for at least three time points, will be utilized to describe and test changes over
time. The model will describe changes in the magnitude of effect of neuropathic pain on
outcomes with respect to time.
Chapter 4
AIM 3: Describe the patterns of change over time in pain intensity, pain interference,
physical function, fatigue, sleep-related impairment, depression, anxiety, and anger.
H1: Changes in physical function, fatigue, sleep-related impairment, depression, anxiety,
and anger will be associated with changes in pain intensity and interference.
Method: Two separate analyses were conducted for Aim 3. First, the percent change in
symptom severity for all eight variables will be calculated by evaluating the difference
between the first data point and the third data point. Second, an intercorrelation matrix
was created with the derived percent changes to examine the degree to which pain
intensity and pain interference vary with physical function, fatigue, sleep-related
impairment, depression, anxiety, and anger.
AIM 4: Examine the effects of pain intensity and pain interference over time on
satisfaction with social roles controlling for physical function, fatigue, sleep-related
impairment, depression, anxiety, and anger.
H1: Changes in pain intensity and pain interference will be associated with changes in
satisfaction with social roles while controlling for physical function, fatigue, sleep-related
impairment, depression, anxiety, and anger.
Method: The same method of analysis was used for Aim 4 that was used for Aim 2.
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Table 1 Aims, Variables, and Analytic Approach
Compare physical function, fatigue, sleep-related impairment, depression, anxiety, and anger
over time for those who screen positive for neuropathic pain against those who screen
negative for neuropathic pain (Chapter 3)
Predictor(s)
Outcomes
Co-variates
Analytical
Approach
Physical function, fatigue, sleepLinear mixed
related impairment, depression,
effects models;
Neuropathic pain
anxiety, and anger
separate models
for each of the six
outcomes
Describe the patterns of change over time in pain intensity, pain interference, physical
function, fatigue, sleep-related impairment, depression, anxiety, and anger (Chapter 4)
Predictor(s)
Outcomes
Co-variates
Analytical
Approach
Physical function, fatigue, sleep1) Examine
related impairment, depression,
difference in
anxiety, and anger
symptom reporting
from assessment
1-assessment 3
Pain intensity
2) Intercorrelation
Pain interference
matrix of percent
change; separate
matrices for each
of the two
predictors
Examine the effects of pain intensity and pain interference over time on satisfaction with social
roles controlling for physical function, fatigue, sleep-related impairment, depression, anxiety,
and anger (Chapter 4)
Predictor(s)
Outcomes
Co-variates
Analytical
Approach
Satisfaction with social roles
Physical function,
Linear mixed
fatigue, sleep-related
effects models;
Pain intensity
impairment,
separate models
Pain interference
depression, anxiety,
for each of the two
and anger
predictors

The three predictors for the statistical analysis aims are neuropathic pain (Chapter 3),
and pain intensity and pain interference (Chapter 4). Neuropathic pain is defined by the
International Association for the Study of Pain as “pain initiated or caused by a primary
lesion or dysfunction in the nervous system.”71 In PROMIS, neuropathic pain is defined
as “damage to the peripheral somatosensory nervous system, part of the nervous
system involved in bodily feelings.”72 It can be the result of many chronic conditions such
as diabetes, arthritis, and chemotherapy-induced peripheral neuropathy, or from
15

phantom limb syndrome, and poses a significant burden to patients and society because
of the negative impact that pain has on quality of life.73,74 The PROMIS Neuropathic Pain
Scale in PASTOR consists of five items that asks patients to characterize their pain over
the past seven days, from 1 (not at all) to 5 (very much), as numb, tingly, like pins and
needles, stinging, and/or electrical.73 Pain interference is measured utilizing the PROMIS
measures. Pain interference is also known as pain impact and can be defined as “pain
that limits or interferes with individuals’ physical, mental and social activities.”69 In this
context it expands beyond physical function and includes items such as distress,
discouragement, and memory impairment.75 Pain intensity is measured utilizing the
validated DVPRS. Preliminary validation of the DVPRS and its enhancements of a
numeric rating scale with word anchors, color coding and facial representations of pain,
was conducted with a convenience sample of 350 inpatient and outpatient AD or retired
service members at the former Walter Reed Army Medical Center.50 The original DVPRS
was later revised and further validated to incorporate a new set of facial depictions of
pain.76 Nassif et al. (2015) conducted a study of more than 200 VHA outpatients and
found evidence for concurrent validity of the revised DVPRS.77 The adoption of the
DVPRS is expected to facilitate the utilization of consistent metrics for defining pain
levels as well as improve clinical encounters across transitions in care.50
Patient Reported Outcomes
PROs provide crucial information to both the clinician and the patient on the functioning
of the patient and their ability to interact in their environment. The primary domains for
this dissertation work are in the areas of physical health, mental health, and social health
(see Table 2). Measurement tools have been developed on a specific subdomain, which
is associated with a primary domain, to measure PROs.78,79
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Table 2 PASTOR/PROMIS® Domains and Definitions
PROMIS® domains and definitions
Physical
Health

Physical
Function
Fatigue

Sleep-Related
Impairment
Mental
Health

Depression

Anxiety

Anger

Social
Health

Social
Satisfaction Role

Physical function is multidimensional and measured by a person’s
ability to perform tasks ranging from low-level activities of daily living to
high-level physical function such as endurance and strength activities.79
Fatigue is defined as an inability to perform basic tasks due to “an
overwhelming and sustained sense of exhaustion” that interferes with
one’s work and interaction in family and social situations.79
Sleep-related impairment is focused on functional deficiencies
associated with sleep problems or decreased alertness, and the
patient’s perception of alertness, sleepiness and tiredness.79
Depression focuses on negative deficits such as “negative mood (e.g.,
sadness, guilt), decrease in positive affect (e.g., loss of interest),
information processing deficits (e.g., problems in decision-making),
negative views of the self (e.g., self-criticism, worthlessness), and
negative social cognition (e.g., loneliness, interpersonal alienation).”79
Anxiety is measured through a patient’s report of “fear (e.g., fearfulness,
feelings of panic), anxious misery (e.g., worry, dread), hyperarousal
(e.g., tension, nervousness, restlessness) and somatic symptoms
related to arousal (e.g., cardiovascular symptoms, dizziness).”79
Anger focuses on “angry mood (e.g., irritability, reactivity), negative
social cognition (e.g., interpersonal sensitivity, envy, vengefulness),
verbal aggression, and efforts necessary to control angry mood.).”79
Social satisfaction is defined in PROMIS as “involvement in, and
satisfaction with, one’s usual social roles in life’s situations and
activities.” Social roles occur in a variety of settings and incorporate the
“ability to participate” and “satisfaction with participation.”79

PROMIS measure scores are expressed as a linear transformation score (0-100) or
converted T-scores (mean=50; SD=10).79 The metric is at the mean of a comparison
population to aid interpretation.79 For example, a score of 60 is one SD higher than the
U.S. matched sample and a score of 40 is one SD lower than the U.S. matched
sample.79 Most PROMIS scores are set against a sample of the general U.S. population
based on age, sex, race, ethnicity, and education; others are set against a relevant
clinical population.28,79 The PROMIS measures have equal or superior psychometric
properties as legacy measures.69,80-84 PASTOR utilizes CAT that allows for precision
while decreasing response burden.35 The minimum number of items that a respondent
must answer for the PROMIS pain interference instrument is four and the maximum
number is six. The following PROMIS item banks are incorporated in PASTOR: PROMIS
Bank v1.2 - Physical Function, PROMIS Bank v1.0 - Fatigue, PROMIS Bank v1.0 17

Sleep-Related Impairment, PROMIS Bank v1.0 – Depression, PROMIS Bank v1.0 –
Anxiety, PROMIS Bank v1.1 – Anger, and PROMIS Bank v1.0 - Social Sat Role. For the
PROMIS physical, mental and social health instruments, the minimum number of items a
respondent must answer is four and the maximum is five. All five questions should be
answered on the PROMIS Neuropathic Pain Scale and DVPRS.
Strengths and Limitations
The results of the comprehensive integrative review underline the intricacies of pain in
the AD military population. Most of the review was based on information drawn from a
database, electronic medical record, or questionnaire where there is concern for
accuracy of recorded information or recollection of information. In deployed locations,
not all patients are captured in the studies, limiting the ascertainment of the true number
of personnel affected by pain. Additionally, time of data collection and screening tools
were not consistent across studies, making comparisons of studies more difficult.
This dissertation is an observational research study. While the nature of
observational studies is not conducive to establishing causal relationships it is conducive
to finding statistically and clinically significant trends in the biopsychosocial impact of
pain.85 Additionally, biopsychosocial changes continue to occur as patients progress
through treatment. The longitudinal dataset used for the study was limited in the number
of assessments per participant in a short 10-month timeframe. Therefore, we were not
able to demonstrate a trend over an extended period of time. However, these initial
findings will be useful as a starting point for statistical analysis and examining trends in
the military population. Further, since PASTOR is a computer-based program there is
the possibility of user error or unforeseen computer issues. For example, a patient may
have partially completed PASTOR at a single time point, submitted the partial
18

completion, and then re-entered the program to finish the same survey but inadvertently
started a new one. This could lead to a duplicative case on the same data. To ensure
quality data management and account for this potential mistake, we ensured that the
time between the surveys is two weeks or greater. Also, not all patients completed the
survey at designed intervals based on the pain condition and types of pharmacological
and nonpharmacological treatment approaches. This was resolved using mixed effects
modeling, which accounts for the disparate data time points. Variables are limited to
those available in PASTOR, limiting understanding of the phenomenon to the variables
in the dataset. Finally, the generalizability of these findings may be limited due to the
unique characteristics of the military population, and the potential for selection bias.
However, the findings will be useful in providing continuity of care within the MHS and
eventually the VHA, informing treatment interventions and pain policy for this population
and potentially the population at large through advancements of symptom science,
development of predictive tools for pain outcomes, and improvement of pain treatment
and interventions.
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CHAPTER TWO
Musculoskeletal Pain and Headache in the Active Duty Military Population: An
Integrative Review
Target Journal: Worldviews on Evidence-Based Nursing
(Accepted for publication)
Background: Since 2001, the United States (U.S.) Armed Forces’ training and
deployment has greatly increased, escalating the risk of injury and pain-related issues
both at home station and in deployment environments.
Aim: This integrative review examines the incidence, prevalence, and risk factors for
musculoskeletal pain (MSP) and headaches in active duty (AD) military populations.
Methods: Peer-reviewed research published between 2001 and 2016 relevant to MSP
and headache in AD military personnel was identified by means of MeSH terms using
key biomedical databases. Inclusion criteria consisted of: epidemiological studies
examining MSP and/or headache as primary or secondary outcome; samples that
included AD populations; and studies conducted in the theater of operations, at home
station and/or in military treatment or Veterans Health Administration (VHA) facilities.
Results: Twenty-six articles met the inclusion criteria. Low back pain (LBP) was the
most prevalent MSP diagnosis. The incidence of LBP was 40.5 per 1,000 person-years
and was comparable to nonmilitary populations. Inflammation and pain from overuse
comprised the largest proportion of injury mechanism, accounting for about 82% of all
injuries among nondeployed military personnel. The risk of MSP was greater for AD,
female, Army, and enlisted personnel and those with greater time in a motor vehicle.
Evidence suggests posttraumatic headache, occurring in up to 92% of military personnel

27

who have sustained a mild traumatic brain injury, is associated with chronic daily
headaches.
Implications: Nurses must recognize the consequences military service can have on
the development of pain. Nurses have an opportunity to positively affect the health and
well-being of military and veteran populations through early recognition and treatment of
pain.
Linking Evidence to Action: The findings from this review underscore the considerable
magnitude of MSP in military personnel and expose modifiable risk factors and potential
targets for designing nurse-led interventions to improve pain and symptoms in military
subpopulations.
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INTRODUCTION
Since the 2001 terrorist attacks, training and deployment greatly increased in the United
States (U.S.) Armed Forces, increasing the risk of injury and associated pain. The
Operation Enduring Freedom (OEF) (2001-2014), Operation Iraqi Freedom (OIF) (20032010), and Operation New Dawn (OND) (2010-2011) wars, and subsequent
peacekeeping efforts placed enormous demands on military personnel, resulting in high
rates of service-related injuries and pain. Pain, recognized as a significant and
challenging health problem, evolved from both complex injuries sustained in combat
(e.g., polytrauma, blast injuries) and noncombat injuries (e.g., muscle strain, overuse
injuries). These injuries have led to musculoskeletal pain (MSP) and headaches, and
injuries or disorders of the joints, muscles, tendons, or ligaments that may cause MSP
(Hauret, Jones, Bullock, Canham-Chervak, & Canada, 2010). Among veterans of OEF
and OIF, back pain and headaches surfaced as the two most frequent complaints (Lew
et al., 2007).
A recent study estimated a striking percentage of Army active duty (AD) service
members, approximately 69% in 2006, 77% in 2011, and 82% in 2014, received
prescriptions for nonsteroidal anti-inflammatory drugs (NSAIDs) attributed to
musculoskeletal injuries (Walker, Zambraski, & Williams, 2017). Complicating pain in AD
military personnel and veterans is the burden of other conditions such as sleep
disturbances, fatigue, depression, anxiety, and posttraumatic stress disorder (PTSD),
affecting physical and mental health (Higgins et al., 2014; McGeary, McGeary, Moreno,
& Gatchel, 2016; Young-McCaughan et al., 2017). Even evidence from Gulf War
veterans affirms a significant relationship between pain-related musculoskeletal
disorders and reduced physical and mental well-being (Kelsall et al., 2014).
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Headache, a common, complex neurological disorder occurring in the general
population (World Health Organization, 2016), is also a frequent manifestation of
traumatic brain injury (TBI) (Nicholson & Martelli, 2004) due to blast exposures from
improvised explosive devices (IED); (Lew, 2005). From 2000 to May 2016, 347,962 U.S.
military members were diagnosed with all severity levels of TBI (mild, moderate and
severe), and 286,255 of these military members were diagnosed with mild TBI (mTBI)
(Defense and Veterans Brain Injury Center, 2016). Headaches can be debilitating to
military members, resulting in poor quality of life and lost service-related duty-time
(Armed Forces Health Surveillance Branch, 2008).
This unique review and analysis of scientific literature on the incidence, prevalence,
and risk factors associated with MSP and headaches in AD military and veterans of
recent wars informs nurses practicing in military, Veteran Health Administration (VHA)
health care systems, and other health care professionals about the widespread problem
and high burden of both acute and chronic pain. Moreover, nurses practicing in the
civilian health care system can also benefit from a better understanding of the
underappreciated occurrence of pain tied to military service. This analysis focuses
primarily on MSP and headaches as these pain types represent those most commonly
experienced from military service. Terminology used in this review is defined in Table 1.
METHODS
A comprehensive literature search was performed using the following databases:
PubMed, Excerpta Medica Database (EMBASE), and Cumulative Index of Nursing and
Allied Health Literature (CINAHL). Data were also obtained from public reports and other
resources available through the U.S. Department of Defense (DoD). The search was
limited to 2001 to 2016 to capture data from OEF/OIF/OND and utilized subject MeSH
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terms outlined in Table 2. A total of 620 unique articles were identified for screening, and
titles and abstracts were reviewed for applicability to pain in U.S. AD personnel (Figure
1). Criteria for inclusion were: (1) epidemiological studies examining MSP and/or
headache as primary or secondary outcome; (2) samples that included AD populations;
and (3) studies conducted in the theater of operations, at home station, and/or in military
treatment or Veterans Health Administration (VHA) facilities. Excluded from the review
were: (1) case studies; (2) commentaries; (3) qualitative studies; (4) editorials; (5) target
populations that did not include AD military; (6) studies of foreign militaries; (7) citations
prior to 2001; (8) non-English articles; and (9) articles focused solely on major lifethreatening combat-related injuries. The approach for evaluating methodological rigor,
strength of analyses, and representativeness of the target population was performed in
accordance with guidelines by Whittemore and Knafl (2005). Strength of evidence for
research publications was assessed using Melnyk’s Rating System for the Hierarchy of
Evidence (Melnyk & Fineout-Overholt, 2015) (Table 3). Within observational designs, the
majority of the studies in this review were cross-sectional, prospective, and retrospective
cohort designs, which are categorized as moderate (Level 4) to low-quality (Level 6)
evidence according to Melnyk’s Rating System.
RESULTS
Twenty-six studies published in peer-reviewed journals met the eligibility criteria: 9
prospective cohort studies, 7 retrospective cohort studies, 5 retrospective database
analyses, and 5 cross-sectional studies. Of these, two-thirds focused on service
members either in the deployed environment or shortly after deployment. The remaining
one-third were not specific to deployment status and addressed pain generally
experienced in military populations or associated with a specific occupation or diagnosis.
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All studies employed observational research designs, and most included predominantly
male samples between the ages of 18 and 41 years, which is consistent with
demographics for the U.S. military (Department of Defense, 2015). Integration of study
findings are organized separately for MSP and headache with respect to incidence,
prevalence, and risk factors.
Musculoskeletal Pain
Incidence and prevalence
No single study captured the incidence and prevalence of MSP in the AD population;
therefore, aggregated rates across studies are identified in this review to provide an
understanding of the significance of these health conditions. Inflammation and pain from
overuse comprised the largest proportion of injury mechanism; capturing about 82% of
all injuries among nondeployed AD members (Hauret et al., 2010). A study of 3,066
patient encounters with a deployed Brigade Combat Team (BCT) found that 21% of
injuries involved the lumbar spine; knee, ankle, and shoulder (ranging 10.1% to 18.9%)
comprised other injury common locations (Roy, 2011). In this analysis, low back pain
(LBP) comprised the highest prevalence; 33%, among the infantry military occupational
specialty (Roy, 2011). Among Army aviators, 69.1% reported increased pain frequency
at one or more anatomical locations during deployment (Nevin & Means, 2009).
Epidemiological studies indicate the overall incidence of LBP among AD members is
40.5 per 1,000 person-years, and this estimate is within the range for the general
population (24.2 to 44.7 per 1,000 person-years) (Knox et al., 2011). A retrospective
analysis of AD members over an 8-year period found the incidence of LBP for vehicle
operators to be 54.2 per 1,000 person-years, while the incidence rate for occupations
other than vehicle operators was 48.3 per 1,000 person-years (Knox et al., 2014).
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Overall, LBP is one of the most common types of chronic pain in the U.S. military
(Childs, Wu, Teyhen, Robinson, & George, 2014).
Risk of developing musculoskeletal pain
Those who are AD (George et al., 2012), female (George et al., 2012; Knox et al., 2011),
Army, and enlisted (Knox et al., 2011), are at higher risk of LBP. George et al. (2012)
noted that AD soldiers had an increased risk of reporting LBP (odds ratio [OR], 1.44;
95% confidence interval [CI], 1.09-1.89) compared to Reserve soldiers. Females are
more likely to develop LBP than males (incidence rate ratio [IRR],1.45; 95% CI 1.441.46) (Knox et al. 2011); likewise, another study found that men had a lower risk of LBP
(OR, 0.644; 95% CI, 0.490- 0.846) (George et al. 2012). With Marines as the referent
category, and compared to the Navy and Air Force, the Army had the highest risk
(adjusted IRR, 2.19; 95% CI, 2.17-2.21) (Knox et al., 2011). Roy and Lopez (2013) who
studied multiple occupational and individual variables in a deployed BCT demonstrated
that history of LBP and time spent wearing body armor consistently predicted LBP.
Risk of developing MSP also increases with greater time in a motor vehicle in both
the non-deployed and deployed environments. Both retrospective and prospective
analysis attributed spending many hours in motor vehicles to an increased risk of
developing LBP (Knox et al., 2014; Roy et al., 2013). When compared to occupations
other than motor vehicle operators (not specified), motor vehicle operators had
increased risk for LBP (adjusted IRR, 1.15; 95% CI, 1.13-1.17) (Knox et al., 2014). In
deployed environments, the relative risk (RR) of moderate or worse LBP from
occupational variables was associated with time in a tactical vehicle (21-40 hours/week)
(RR, 1.82, 95% CI, 1.13-2.92) (Roy et al., 2013).
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No single occupational exposure predicts development of MSP. Risks for back pain
also included factors such as wearing Interceptor Body Armor (IBA) (Konitzer et al.,
2008) and status as Army helicopter aviator (Nevin & Means, 2009). Of soldiers wearing
IBA who complained of neck, back, or upper extremity pain during deployment, there
was a weak, but significant positive correlation between the severity of neck (r=0.12;
P<0.05), back (r=0.14; P<0.05), and upper extremity (r=0.15; P<0.05) MSP and wearing
IBA. The amount of time wearing IBA (> 4 hours/day) was also associated with overall
MSP (P=0.05) (Konitzer et al., 2008). Nevin and Means (2009) determined greater risk
for pain frequency in anatomical areas including the lower back (RR, 1.80; 95% CI, 1.142.84; P=0.011) and legs (RR, 2.60; 95% CI, 1.17-5.77; P = 0.014) among Army
helicopter aviators deployed to Afghanistan with increased flight hours. Relative to
administrative/other occupations, Marines within 1 year of combat deployment showed
higher odds for developing LBP in noninfantry occupations such as the service/supply
(OR, 1.33; 95% CI, 1.12-1.59) and electrical/mechanical/craftsworker occupations (OR,
1.31; 95% CI, 1.12-1.53) (MacGregor, Dougherty, Mayo, Rauh, & Galarneau, 2012).
While infantry occupations typically walk longer distances carrying heavy loads in
combat, new onset LBP was more commonly observed with noninfantry occupations
(MacGregor, Dougherty, Mayo et al., 2012).
MSP significantly affects the ability for AD military to return to duty. Medical
evacuation of military members out of combat theater for spine pain and musculoskeletal
and connective tissue disorders was associated with low return-to-duty rates in OEF/OIF
(Cohen, Brown et al., 2010). Overall return-to-duty rates for AD military with LBP
evacuated out of deployment zones supporting OEF/OIF to Landstuhl Regional Medical
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Center (LRMC) was 13% (Cohen et al., 2009); for neck pain, 14% returned to duty
(Cohen, Kapoor et al., 2010).
Headache
Incidence and prevalence
Despite the significant impact that headaches have on the military, there is a paucity of
research addressing its prevalence (Jankosky et al., 2011). Using data from the
Millennium Cohort Study, Jankosky et al. (2011) demonstrated that baseline self-report
of migraine diagnosis history in the military population was consistent with rates in the
civilian population (20.9% for women (P<0.05), 6.9% for men (P<0.05). Over a 12-year
period of data from the Defense Medical Surveillance System, Burch et al. (2015) saw
an increase in the prevalence of migraines, 73.6% (3.5% to 6%) in females and 84.9%
(0.7% to 1.2%) in males. The 1-year prevalence of nonmigraine headaches steadily
increased after 2005, potentially due to deployment-related posttraumatic headache
(Burch et al., 2015), defined as new onset headache within 7 days of trauma or injury
(The International Headache Society, 2016).
Most headaches in the military population are not triggered by factors specific to
military service (e.g., wearing protective equipment, firing a weapon), but are triggered
by the same events as in the general population (e.g., fear, stress) (Theeler, Kenney, et
al., 2010). However, stress-related migraine triggers are more common in soldiers than
civilians (P=0.03) (Theeler, Kenney, et al., 2010) making the prevalence and detrimental
impact of headaches and migraines an important focus of research in the AD population.
A study involving a brigade of Army soldiers upon return from a 1-year deployment found
that 17% screened positive for possible migraine and an additional 19% for definite
migraine. Prevalence was higher in females (34.9%) than males (17.4%) (OR, 2.14,
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P=0.002) (Theeler, Mercer, & Erickson, 2008), which exceeded the expected prevalence
reported by Jankosky et al. (2011) and Burch et al. (2015). Prior to OEF/OIF
deployments, 7.8% of AD females and 1.7% of AD males had a medical encounter for a
migraine. Post-deployment percentages of medical encounters increased for females
(10.6%) and males (2.5%) (Armed Forces Health Surveillance Branch, 2009), providing
further evidence of the increase in deployment-related migraines.
Headache risk
The military is not immune to the national rise in serious headache problems, yet AD
members face risk factors beyond those encountered by the general population (Burch
et al., 2015; Hoge et al., 2008; MacGregor, Dougherty, Tang, & Galarneau, 2012). Some
contend that headache prevalence rates may be increasing due to posttraumatic
headache (Hoge et al. 2008; Burch et al. 2015). After adjusting for PTSD and
depression, the only physical health outcomes or symptoms from mTBI, particularly with
loss of consciousness, was headache and heart pounding (OR, 2.10; 95% CI, 1.22-3.61)
(Hoge et al., 2008). In contrast, findings by MacGregor, Dougherty, Tang and Galarneau
(2012) showed that among military members deployed to combat zones suffering from
mTBI, in addition to increased odds of headache (OR, 3.37; 95% CI, 2.19-5.17),
outcomes such as back pain, memory problems, and tinnitus were more likely for those
with an mTBI compared to those with a nonhead injury. Differences in methodological
approaches by Hoge et al. (2008) who used a cross-sectional survey-based design of
self-reported mTBI, and MacGregor, Dougherty, Tang and Galarneau (2012) who
conducted a retrospective cohort study of provider-diagnosed mTBI within 1-year postinjury, could have accounted for discrepancies between the studies in the outcomes of
mTBI (MacGregor, Dougherty, Tang, & Galarneau, 2012).
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Among 25 military members sustaining mild TBI evaluated by a headache specialist,
92% experienced chronic posttraumatic headache (Finkel, Yerry, Sher, & Choi, 2012).
Estimates for military and veterans (N =109) with moderate to severe TBI having
posttraumatic headache were much lower, 38% (Walker, Seel, Curtiss, & Warden,
2005). An evaluation of long-term outcomes after moderate and severe TBI by Walker et
al. (2005) demonstrated a decrease in headache frequency at 6-month follow-up
(P<0.001) and 12-month follow-up (P<0.001), but no statistically significant difference
between the 6- and 12-month follow-up periods. This finding may indicate early
improvement in the frequency of TBI-related headaches, but little subsequent change
over time. Deployment-related head trauma has long-term concerns such as the
association between posttraumatic headache and chronic daily headache, defined as 15
or more headaches per month (Theeler, Flynn, & Erickson, 2010; Theeler et al., 2012). A
comparison of soldiers with chronic daily headache found that the proportion of soldiers
with posttraumatic headache was 27% compared to 14% of soldiers without
posttraumatic headache (P<0.0001) (Theeler, Flynn, & Erickson, 2010). Twenty percent
of soldiers suffered from chronic daily headache after a deployment-related concussion
with a significant association between posttraumatic headache and chronic daily
headache when compared to episodic headaches (P<0.0001) (Theeler et al., 2012). Of
those soldiers with head or neck injury, approximately 37% suffered posttraumatic
headache (Theeler & Erickson, 2009; Theeler, Flynn, & Erickson, 2010). Posttraumatic
headache symptoms that showed a pattern of improvement, associated with less anxiety
and depression, leveled off at 6-month post-hospitalization (Walker et al., 2005).
Pre-deployment migraine and combat exposure pose risks for post-deployment
headache. AD members who suffered from migraines prior to deployment were 10 times
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more likely to have a migraine post-deployment than members who did not have predeployment migraines (Armed Forces Health Surveillance Branch, 2009). Analysis of
Millennium Cohort Study data revealed both male and female military members with
combat exposure during deployment had higher odds of any new-onset headache
disorder than nondeployers (adjusted odds ratio [AOR], 1.72, 95% CI, 1.55-1.90 for
males; AOR, 1.84, 95% CI, 1.55-2.18 for females). Personnel without combat exposure
did not have increased odds of any new-onset headaches compared to nondeployers
(AOR, 1.07, 95% CI, 0.95-1.21 for males; AOR, 0.96, 95% CI, 0.80-1.14 for females)
(Jankosky et al., 2011). Recognizing the impact of deployment on nondefined
headaches is important because following evacuation from deployment zones
supporting OEF/OIF, the return-to-duty rate for headache sufferers was only 33.6%
(Cohen et al., 2011).
DISCUSSION
The 26 publications included in this integrative review focused on combat- and
noncombat-related injuries as well as care provided across transitions in U.S. military
care from theater of operations, to LRMC, to U.S. military and VHA health systems.
Studies did not include care rendered on the battlefield and excluded studies focused
solely on military populations sustaining major trauma in combat. Findings demonstrate
that training and deployment affect rates of pain in military populations, and specific
demographics, deployment factors, occupational responsibilities (e.g., heavy lifting,
operating vehicles, wearing body armor) and exposures (e.g., blast or head and neck
trauma) increase risk for MSP and headaches. Multifactorial risk factors represent a
cross-section of physically demanding occupations and cumulative physical and
psychological stressors. Some studies focused on the deployed environment where
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there are increased physical/occupational demands and mental stressors, creating
subpopulations, (e.g., vehicle operators, soldiers wearing IBA) at greater risk for MSP
and presenting opportunities for early intervention and treatment.
The prevalence of serious headaches and migraine in women and persons up to
approximately 40 years of age has increased in the U.S. (Institute of Medicine, 2011).
This is important for planning health care as the demographics of the military population
have changed to include more women and higher numbers of part-time Reserve and
Guard members placed on temporary AD who are statistically on average older than fulltime AD members (Gironda, Clark, Massengale, & Walker, 2006). Many routine
operational and training activities in the military are physically demanding and potentially
dangerous, placing AD members at increased risk for sustaining a TBI, and subsequent
physical (e.g., headache) and psychological (e.g., anxiety, depression) comorbidities.
Deployment environments notably have inherent risks for exposures to head trauma due
to blast/explosion, falls, fragment/shrapnel, and vehicle accidents (Wilk, Thomas,
McGurk, & Riviere, 2010). MSP or headaches that are severe require evacuation for
definitive care (Clifford et al., 2014). Due to low return-to-duty rates from pain,
consideration should be given to deploying pain management teams closer to the
battlefront, which could prevent the need for medical evacuation and improve overall
pain management and return-to-duty rates (Griffith et al., 2012).
Implications for Practice and Research
Nurses practicing in military, VHA, and civilian health care systems must recognize the
consequences of military service on the development of MSP, headache, and other
types of pain that can comprise the health and well-being of military and veteran
populations. Early recognition and aggressive treatment of AD-related pain is paramount
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to improving short- and long-term outcomes. Military nurses are positioned to deliver and
coordinate care throughout all levels of transitions of care, and effective management of
acute MSP and headaches, as the most common AD-related pain, could subsequently
prevent the development of persistent or chronic pain. Across all health care systems, a
greater understanding of pain in AD military and veterans should facilitate the necessary
patient education such as recommended lifestyle changes and preventative measures to
address pain (Institute of Medicine, 2011).
Future pain research on military and veteran populations should capitalize on the
recently established standard pain and pain-related outcomes system, Pain Assessment
Screening Tool and Outcomes Registry (PASTOR), specifically designed for military and
VHA health care (Cook, Buckenmaier & Gershon, 2014). PASTOR is built on the
National Institutes of Health’s Patient-Reported Outcomes Measurement Information
System (PROMIS®) and incorporates multiple health outcomes including the new fiveitem Defense and Veterans Rating Pain Scale (DVPRS) to measure pain intensity, painrelated activity and sleep interference, and how pain affects mood and level of stress.
The DVPRS, developed by the Pain Management Task Force commissioned by the
Office of the Army Surgeon General in 2009 (Office of the Army Surgeon General,
2010), has been validated in AD military and veterans (Polomano et al., 2016). PASTOR
has already been launched in military pain specialty practices (Flynn et al., 2017). Its
integration into practice and use in pain research will lead to a uniform set of patientreported pain and related outcomes, improve pain surveillance and its impact on health
and well-being.
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Linking Evidence to Action
Interdisciplinary research efforts that examine effective pain management strategies that
treat the whole patient with an integrative approach that addresses biopsychosocial
aspects of pain are needed. Nurses must partner with professionals from other health
care disciplines such as medicine, physical/occupational therapy, and social work to
ensure smooth transitions and continuity of care in pain management. Nursing education
should include the multifactorial aspects of pain management for military members that
will ultimately enhance preventive efforts, inform clinical decision making, afford better
patient-provider interactions, and improve pain outcomes.
Limitations
Many studies in this review were based on data from DoD-maintained databases and
electronic medical records. In large database studies, there may be several physicians
evaluating patients, thereby decreasing the accuracy or consistency of the diagnoses.
Data from medical databases do not afford the specificity of knowing whether injuries
were related to major trauma. Another key source of data collection was self-report
questionnaire-based responses, which may be subject to recall bias (Polit & Beck,
2012). Military members who were treated for pain in the theater of operations and not
evacuated were not studied, limiting ascertainment of the true number affected by pain
in theater. The low sample size of some studies (e.g., Nevin & Means, 2009) may have
contributed to wide confidence intervals. The time of data collection (e.g., time from
deployment) varied and the screening tools were not consistent across studies. Grey
literature, including military reports, white papers, and internal documents that may have
provided statistics on the incidence and prevalence of pain in military populations were
not part of this analysis if these were not published in peer-reviewed journals. These
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limitations highlight the challenges researchers face in conducting studies in the military
environment.
FUTURE DIRECTIONS
Military members represent a unique challenge to the health care provider, with potential
exposure to both physical and psychological factors influencing injury rates and onset of
pain. To provide military members with the best, evidence-based care, it is imperative
that there be sufficiently funded, well-designed, high-quality clinical studies of pain
management conducted by dedicated scientific researchers and supported by the
highest levels of leadership and policy makers (Institute of Medicine, 2011; Schoomaker
& Buckenmaier, 2014). Recent prolonged wars, mechanisms of injury (e.g., improvised
explosive device), and increased survival rates have influenced the numbers of patients
needing pain treatment (Clifford et al., 2014). A greater understanding of the multimodal
aspects of pain will assist health care providers in returning patients to AD and
potentially minimize psychological stress and disability (Vallerand, Cosler, Henningfield,
& Galassini, 2015).
CONCLUSION
This review highlights the complexities of pain in the military population and has
implications for prevention, awareness of risks, and the need for early and ongoing
treatment, both in the theater of operation and on return from deployment. Demographic,
occupational, training, and deployment stressors are associated with increased MSP
and headache, and understanding how factors influence the development and
management of pain allows for the most effective care of the military population. In the
deployed environment, providing pain relief as far forward as possible, so that members
do not need to be evacuated out of theater, may increase recovery and return-to-duty
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rates. The burden of pain is ever present in the AD population; therefore, the need for
more comprehensive research on the biopsychosocial aspects of pain is required to
enhance assessment, prevention, and treatment.
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Table 1 Definitions of Select Terms
Term

Definition

Deployed personnel

Those individuals required in either a military or civilian
capacity to accomplish the assigned mission (U.S. Joint
Chiefs of Staff, 2016) in an operational area.
The rotation of military forces into and out of an operational
area (U.S. Joint Chiefs of Staff, 2016)
The permanent location of active duty units and Reserve
Component units (U.S. Joint Chiefs of Staff, 2016)
An operational area defined by the geographic combatant
commander for the conduct or support of specific military
operations. (U.S. Joint Chiefs of Staff, 2016)
Full-time duty in the active military service of the United
States, including active duty or full-time training duty in the
Reserve Component (U.S. Joint Chiefs of Staff, 2016)
Personally witnessing a person’s death due to war, disaster,
or tragic event; personally witnessing instances of physical
abuse (torture, beating, rape); and personally being exposed
to dead and/or decomposing bodies, maimed soldiers or
civilians, or prisoners of war of refugees. (Jankosky et al.,
2011)

Deployment
Home station
Theater of operations

Active Duty

Combat exposure
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Table 2 Subject Heading Terms and Keyword Terms
Concept

PubMed
(MeSH Terms)

EMBASE
(EMTREE
Terms)

CINAHL
(Nursing Terms)

Military
Personnel

“Military Personnel”
"Research, Military"
"Military Training
"Military Services"
"Military Medicine"
"Military Nursing"
“Hospitals, Military"

“Soldier”
“Military
Service”

"Military Personnel"
"Military Recruits”
"Research, Military"
"Military Training”
"Military Services"
"Military Medicine"
"Military Nursing"
“Hospitals, Military"

Deployment/
Active Duty
Status

"Warfare"[Mesh]
"Iraq War, 20032011"[Mesh]
"Gulf War"[Mesh]
"War-Related
Injuries"[Mesh]
"Afghan Campaign
2001-[Mesh] "War
Exposure"[Mesh]
"Combat
Disorders"[Mesh]
"Armed
Conflicts"[Mesh]

“Military
Deployment”

“Military
Deployment”
"Active Duty
Personnel"

Pain

“Pain” (includes
headache and other
pain sites)

“Pain” (includes
headache and
other pain sites)

“Pain” (includes
headache and other
pain sites)
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Keywords (used
in Cochrane
Library and all
other databases)
Military
Army
Navy
Marine*
"Air Force"
Soldier*
Sailor*
Pilot*
Recruit*
Deploy*
Active*
Combat*
Battle*
War
Wars
Conflict*

pain*
headache*

Table 3 Summary of Findings for an Integrative Review
Purpose/Objective

Walker et al., 2005

Examine association of headache after
TBI with demographic, injury and
psychological factors

38% (95% CI, 28.5-46.7%) with PTHA; 53.7% of the 38%
Prospective longitudinal reported persistent headache symptoms at 6-month follow-up
cohort
and 51.5% at 1-year follow-up; by 6-months post hospitalization
N = 109
PTHA symptom improvement had leveled off

4

Hoge et al., 2008

Assess prevalence and significance of
combat-related mTBI

Cross sectional survey- Headache and heart pounding were the only symptoms
based design
associated with mTBI after controlling for PTSD and depression
N = 2525

4

Cross-sectional
Association between wearing body armor ≥4 or more hours per
randomized survey design
day and overall musculoskeletal pain (p = 0.05)
N = 863

4
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Examine back, neck and upper extremity
pain and their association with physical
Konitzer et al., 2008 training, wear of body armor and
occupational tasks

Assess migraine headaches in OIF
Theeler et al., 2008
deployed soldiers

Armed Forces
Health
Surveillance
Branch 2009

Compare incidence of migraine diagnoses
pre and post OEF/OIF deployment, and in
relation to concussion, depression and
anxiety disorders

Cohen et al., 2009

Examine return to unit rates for LBP
based on demographic and clinical
variables

Nevin et al., 2009

Examine relationship between increased
flight hours among deployed aviators and
pain frequency

Study Design

Relevant Findings

Strength of
Evidence

Citation

Cross-sectional survey- In sample of soldiers, 17% screened positive for possible
migraine; 19% screened positive for migraine; prevalence higher
based
among females (34.9%) than males (17.4%) (OR, 2.14, p =
N = 3621
0.002)

6

History of migraine before deployment was the strongest
Retrospective database predictor of migraine after deployment
analysis
Of personnel who experienced post-deployment migraine, 27.7 %
N = 1,249,624
suffered pre-deployment migraine and 2.8% reported no predeployment migraine

4

Prospective cohort
N = 1410

After medical evacuation, overall return to duty rate for was LBP
low at13%

6

Retrospective cohort
analysis
N = 68

69.1% of deployed aviators reported increased pain frequency at
any anatomic location during deployment; increased pain
frequency among deployed increased flight hour aviators in the
lower back (RR, 1.80; 95% CI, 1.14-2.84; p = 0.011), and
the legs (RR, 2.60; 95% CI, 1.17-5.77; p = 0.014)

4

Citation

Theeler & Erickson,
2009

Purpose/Objective

Characterize headache and type of head
or neck injury among post-deployment
soldiers suffering from chronic headache

Identify most common diagnoses resulting
Cohen, Brown et al.,
in medical evacuation and variables
2010
associated with return to duty

Cohen, Kapoor et
al., 2010
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Hauret et al., 2010

Theeler, Flynn, &
Erickson 2010

Retrospective
cohort
N = 81

Prospective cohort
N = 34,006

Relevant Findings

Strength of
Evidence

Post-trauma, headache began within 1 week for 36% and another
36% reported worsening of pre-existing headache

4

Musculoskeletal and connective tissue disorders (N = 8,104 service
members, 24%) and spinal pain (N = 2,445, 7%) most common
diagnosis for medical evacuation
Reduced likelihood of returning to duty: musculoskeletal or connective
tissue disorder (AOR, 0.46, 95% CI, 0.30-0.71, p = 0.0004) and spinal
pain (AOR, 0.41, 95% CI, 0.26-0.63, p = 0.0001)

6

Examine the burden of neck pain
and variables associated with return
to duty in deployed soldiers

Prospective
observational
N = 374

Low return to duty rate of 14% after being medically evacuated

6

Determine incidence of musculoskeletal
disorders secondary to injury and
standardize reporting

Retrospective
database
analysis
N = 743,547

743,547 injury-related musculoskeletal conditions in 2006 among
active duty, non-deployed service members; 82% of all injuries were
due to inflammation and pain from overuse

6

The proportion of PTHA that met screening criteria for migraine was
greater than the proportion of headaches not attributed to head
trauma (p < 0.003)
On average, more headache days per month occurred in soldiers with
PTHA (p < 0.0001).
Soldiers with PTHA were two-fold more likely to suffer 15 or more
headache days per month than those with nontraumatic headaches
(p < 0.0001)

4

Determine PTHA prevalence, burden,
characteristics and treatment in postdeployment military personnel

Theeler, Kenney et al., Identify headache triggers in the military
2010
and beneficiary populations

Cohen et al., 2011

Study Design

Examine impact of headache and
return to duty rates in deployed
environment

Cross-sectional
N = 5270

Retrospective cohort Although active duty service members and civilians had similar types
of headache triggers, stress-related triggers were significantly more
study
N = 172
common in soldiers (69% soldiers vs. 45% civilians, p = 0.03)

Outcome
data/prospectively
collected
N = 985

33% of personnel medically evacuated out of theater for headache
returned to duty

6

6

Study Design

Relevant Findings

Strength of
Evidence

Characterize headaches within a large
U.S. military cohort. Highlighting the
relationship between deployment and
exposure to combat.

Prospective cohort
study
N = 77,047

Baseline prevalence of self-reported headache conditions: provider
diagnosed migraine, 6.9% (male) and 20.9% (female)
Higher odds of any new-onset headache disorders were found for
combat deplorers when compared to nondeployers (AOR, 1.72
(male), 95% CI, 1.55-1.90; AOR, 1.84 (female), 95% CI, 1.55-2.18)
Appreciably higher odds for new-onset headache were not found for
deployers without combat exposure when compared to nondeployers.
(AOR, 1.07, 95% CI, 0.95-1.21 for men; AOR, 0.96, 95% CI, 0.801.14 for women)

4

Knox et al., 2011

Examine incidence and risk of developing
LBP among active duty military members

Retrospective
database analysis
N = 13,754,261

Overall unadjusted incidence of LBP in active duty military population
of 40.5 per 1,000 person-years similar to general population (24.7 to
44.7 per 1,000 person-years)
Female sex, enlisted rank groups, service in the Army, Navy or Air
Force, age > 40 years, and married were all risk factors for LBP

6

Roy, 2011

Determine prevalence of
musculoskeletal injury diagnoses, reason
for injury and most common injury types,
and their relationships to specific military
occupations

Retrospective cohort
N = 3,066

Of the top 15 diagnoses treated, most common was mechanical LBP
(19%); most prevalent mechanism of injury was overuse (22%)

4

Citation

Jankosky et al.,
2011

Purpose/Objective
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Finkel et al., 2012

Report headache characteristics in
soldiers with documented TBI

Retrospective and
observational
N = 25

92% of soldiers with major TBI experienced chronic PTHA

6

George et al., 2012

Identify baseline variables that are
predictive of LBP

Prospective cohort
study
N = 1,230

Active duty military status was a predictor of LBP (OR, 1.441 times the
odds for soldiers on reserve; 95% CI, 1.094- 1.899)
Protective factor of being male (OR, 0.644; 95% CI, 0.490- 0.846)

4

MacGregor,
Dougherty, Mayo et
al., 2012

Determine occupational correlates of LBP
among Marines following deployment

Higher odds of LBP were found in service/supply (OR, 1.33; 95% CI,
1.12-1.59) and electrical/mechanical/craftsworker occupations (OR,
1.31; 95% CI, 1.12-1.53); subgroups construction (56 of 650; 8.6%)
and law enforcement (49 of 789; 6.2%) had highest prevalence

4

Retrospective cohort
N = 36,680

Strength of
Evidence

Purpose/Objective

MacGregor,
Dougherty, Tang, &
Galarneau, 2012

Identify relationship between
postconcussive symptoms and mTBI

Retrospective cohort
Even after adjusting for psychological morbidities such as PTSD and
study
depression, mTBI is associated with negative health consequences
N = 992

4

Theeler et al., 2012

Examine chronic daily headache and
deployment related concussion
among U.S. soldiers

Cross sectional
questionnaire-based Prevalence of chronic daily headache in returning U.S. soldiers after
study
deployment-related concussion is 20%
N = 978

4

Roy & Lopez, 2013

Compare occupational tasks in
deployed environment with onset of LBP

Prospective cohort
study
N = 805

Most significant predictors of LBP were history of LBP and time spent
wearing body armor (≥4 hours/day)

4

Roy, Lopez, & Piva,
2013

Describe LBP and identify risk factors of
LBP in deployed soldiers

Prospective cohort
study
N = 805

Longer periods of time wearing body armor (OR, 1.13, CI:1.07-1.19)
and carrying heavier loads (OR, 1.008, CI, 1.003-1.01) increased the
risk of LBP in deployed soldiers
Moderate or worse LBP was associated with time in a tactical vehicle
(21 to 40 hours/week) (RR, 1.82, 95% CI, 1.13-2.92)

4

Knox et al., 2014

Determine incidence and risk factors of
LBP in U.S. military personnel

Retrospective
database analysis
8,447,167 personyears of data

Motor vehicle operators had a significantly increased adjusted IRR for
LBP of 1.15 (95% CI, 1.13–1.17) when compared with a matched
control population

4

Burch et al., 2015

Determine migraine and severe headache
prevalence estimates for
U.S. population

Retrospective
database analysis
N = 9.9M

Increase in the prevalence of migraines for U.S. military from 1998 to
2010 was 73.6% (3.5% to 6%) in females and 84.9% (0.7% to 1.2%)
in males. The 1-year prevalence of non-migraine headaches steadily
increased after 2005

6
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Citation

Study Design

Relevant Findings

* Melnyk’s Rating System for the Hierarchy of Evidence (Melnyk & Fineout-Overholt, 2015) is a seven-tier system that rates evidence for intervention and
treatment questions from Level 1 (strongest) to Level 7 (weakest). The Levels are outlined as follows: Level 1, systematic reviews, meta-analyses of
randomized controlled trials, or evidenced-based clinical practice guidelines based on systematic reviews of randomized controlled trials; Level 2, welldesigned randomized control trials; Level 3:controlled trials with no randomization; Level 4, cohort or case-control research studies; Level 5, systematic
reviews of descriptive and qualitative studies; Level 6, single descriptive studies and qualitative work; and, Level 7: opinions of experts
(TBI: traumatic brain injury; PTHA: posttraumatic headache; mTBI: mild traumatic brain injury; PTSD: posttraumatic stress disorder; OIF: Operation Iraqi
Freedom; OR: odds ratio; OEF: Operation Enduring Freedom; LBP: low back pain; RR: risk ratio; CI: confidence interval; AOR: adjusted odds ratio; IRR:
incidence rate ratio)

CHAPTER THREE
A comparative analysis of PASTOR outcomes between military personnel with
nonneuropathic and neuropathic pain
Target Journal: Pain Medicine
Objective. Few studies address the impact of neuropathic pain (NP) on pain-related
outcomes in United States active duty military personnel. This study compared the Pain
Assessment Screening Tool and Outcomes Registry (PASTOR) PROMIS® physical and
mental health domains between those screened negative and positive for NP.
Subjects and Design. Using a descriptive comparative design, a secondary analysis
was conducted on longitudinal PASTOR data collected from 190 patients at the Madigan
Army Medical Center Interdisciplinary Pain Management Center. Patients who
completed at least three PASTOR assessments over a 10-month period were included
in analysis.
Methods. Mixed effects models compared six PASTOR outcomes including PROMIS
Physical Function, PROMIS Fatigue, PROMIS Sleep-related Impairment, PROMIS
Depression, PROMIS Anxiety, and PROMIS Anger over time between patients with and
without NP. NP status was identified with PROMIS Neuropathic Pain Scale T-scores of ≥
50 and ≥ 57.
Results. PROMIS Neuropathic Pain Scale cutoff T-scores of ≥ 50 (n = 142; 75%) and ≥
57 (n = 68; 36%) were utilized to screen positive for NP. Findings showed significant
improvements in fatigue, sleep-related impairment, and anger over time. No significant
differences were found between patients above or below the T-score threshold ≥ 50 for
any of the six PASTOR outcomes. For a T-score threshold ≥ 57, the cross-level
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interaction effect between time and NP was only significant for sleep-related impairment
(P < 0.05), with sleep-related impairment worsening over time.
Conclusions. Findings suggest that military service members with NP have more sleeprelated impairment over time. As physical and mental health are interrelated, focused
attention to improving sleep may also improve other outcomes.
Key Words: pain, PASTOR, PROMIS, neuropathic pain, military, physical health,
mental health
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Introduction
The International Association for the Study of Pain defines neuropathic pain (NP) as:
“pain caused by a lesion or disease of the somatosensory system”[1]. Although NP is
generally considered a chronic or persistent condition (pain lasting > 3 months), acute
NP precedes the progression to chronic NP [2]. Acute pain, even within hours of injury,
can evoke a cascade of physiological (peripheral and central sensitization) and
neuropsychological (aversion and avoidance) events leading to persistent pain [3]. It is
estimated that 6% to 8% of the general population with acute NP pain will develop
persistent chronic NP [4]. Research suggests that there is a spectrum of neuropathic
expression in chronic pain, with a greater or lesser contribution made by neuropathic
mechanisms [5].The overall prevalence of chronic NP in the general population ranges
from about 7% to 10% [6]. NP is associated with multiple chronic conditions and
diseases such as post-herpetic neuralgia [7], diabetic polyneuropathy [8], cancer [9], low
back pain [10], and HIV/AIDS [9, 11]. NP is also caused by trauma and surgical
interventions where there is ongoing inflammation, underlying tissue damage, or risk of
nerve injury [12, 13]. Other traumatic causes contribute to the development of NP such
as burns, trauma-related nerve injuries, and amputations that may require multiple
surgeries and prolonged rehabilitation [14]. For amputees, NP can occur from residual
limb neuromas and phantom limb pain, which is often difficult to treat [15-17].
Regardless of the type of NP, there is agreement that managing it is both complex and
challenging [18].

NP is associated with poorer quality of life outcomes and increased health care costs.
The prevalence of NP will likely increase due to the aging population and improved
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survival rates for NP-related conditions [19]. Neuropathy, a functional disturbance or
pathological change in a nerve often co-existing with NP, can have a negative impact on
both patients and society [7, 20] through the loss of productivity and increased use of
medical resources [21, 22]. Studies demonstrate that painful neuropathy interferes with
general activity, mood, mobility [23], general health perceptions, physical role, emotional
role, and social role functioning, and mental health [24].

Although estimates for NP are available for civilian populations, the incidence and
prevalence for NP in active duty military members is less clear. Active duty military
members have significant service-related risks for developing pain from injury associated
with routine training and job performance and combat-related trauma [25-27].
Epidemiological studies of active duty military members place the overall incidence of
lower back pain (LBP) at rates consistent with the general population [25]. LBP is a
complex pain condition often comprising a nociceptive and neuropathic component, and
approximately 37% of civilians with chronic LBP experience NP [10]. It is reasonable to
assume that NP would also be common in military members with LBP. Two crosssectional studies conducted in military facilities evaluated more than 650 inpatient and
outpatient military personnel and veterans with pain, and 29.1% and 32.1%,
respectively, had documented evidence for a NP diagnosis in their medical records [28,
29]. These studies validated the new Defense and Veterans Pain Rating Scale (DVPRS)
and compared patients with NP to those without NP. Findings indicated significantly
higher pain severity with NP, as well as significantly greater sleep interference, and
higher reports of pain affecting mood and contributing to stress [28, 29].
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Moreover, injuries resulting from blast, burns, or blunt trauma can result in the activation
of multiple pain pathways such as NP [30]. As mentioned, amputation from major
combat-related limb trauma may result in challenging NP conditions. Improvised
explosive devices (IEDs) cause severe internal organ damage, burns, and mangled
limbs, and accounted for 78% of combat wounds in Iraq and Afghanistan, the highest
proportion seen in any large-scale conflict [31, 32]. Explosion injuries sustained in Iraq
resulted in the involvement of multiple body regions due to the secondary effects of
blast, propelled fragments, and burns [32]. Survival from combat-related injuries have
substantially increased due to improvements in body armor, lifesaving measures on the
battlefield, and the aeromedical evacuation system [33]. With increased survival rates,
greater numbers of patients are in pain, which requires long-term management [34, 35].

A study of recent active duty military amputees reported that 68 of 80 experienced both
phantom and residual limb pain. Of those with residual limb pain, almost 60%
experience chronic NP [17]. A report prepared for the members and committees of
Congress states that 1,645 battle-injury major limb amputations occurred between
October 2001 and June 2015. The report states major limb amputation “includes the loss
of one or more limbs, the loss of one or more partial limbs, or the loss of one of more full
or partial hand or foot” [36][p6]. Notwithstanding the advancements in military pain care,
there is a paucity of literature addressing NP in the military population.

The importance of identifying correlates of pain in military members is vital to
understanding and improving the physical, mental, and social health of those who serve
our country. Studies show that military members in pain have compromised physical
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functioning [37] and may struggle with depression [37, 38], sleep-related impairment [3739], generalized anxiety [37, 40], and anger [41]. Systematic and comprehensive point of
care collection of patient-reported outcomes of biopsychosocial aspects of pain can be
used to guide pain interventions and evaluate patient responses to therapeutic pain
interventions [42]. The Pain Assessment Screening Tool and Outcomes Registry
(PASTOR), used in selected military care settings since 2014, accomplishes this goal.
PASTOR incorporates the National Institutes of Health PROMIS® (Patient-Reported
Outcomes Measurement Information System) measures into an automated data
collection system to capture pain and pain-related outcomes [43, 44].

This study examined physical and mental health domains using a PASTOR database,
containing longitudinal data collected from active duty military service members seeking
care at a military interdisciplinary pain management center. The analysis compared
trends in patient-reported outcomes over time between those screening positive and
negative for NP based on T-scores of the PROMIS Neuropathic Pain Scale. Two
previous studies using this PASTOR database produced preliminary data for
comparative effectiveness of pain therapies [43], and validated PROMIS measures in a
military population [44]. As the first investigation to explore the impact of NP on the
physical and mental health domains in PASTOR with active duty military members, this
research makes important contributions to elucidating the effects of NP and generates
military population estimates for these PASTOR domains.
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Methods
Design: A longitudinal, descriptive comparative design was employed using a secondary
analysis of an existing PASTOR dataset.

Sample and Data Collection
Data included in this secondary analysis were obtained from the Madigan Army Medical
Center in Tacoma, WA research protocol titled, “Retrospective Evaluation of
Relationships among Pain Correlates and Psychometric Evaluation of the Measures that
Estimate Them (Research Protocol #215049).” This parent study was a retrospective
analysis of longitudinal PASTOR data collected from active duty military patients
receiving routine pain care at the Madigan Interdisciplinary Pain Management Center.
The parent study protocol was determined to be exempt from full review by the Madigan
Institutional Review Board. The Madigan Army Medical Center study included
sociodemographic data of 640 patients seen in the Madigan Interdisciplinary Pain Center
as part of standard clinical care for pain-related conditions who completed at least one
PASTOR assessment within the period between May 27, 2014 and March 31, 2015.
Participants were ages ≥18 years, able to read and write English, and had a referral to
the Madigan Interdisciplinary Pain Management Center with a complaint of pain.
Excluded from the parent study were patients who could not complete the survey due to
cognitive impairment or physical limitations that precluded their ability to complete a
computer-based survey. At orientation, new patients were informed that PASTOR was
an assessment tool that Interdisciplinary Pain Management Center providers could use
to develop treatment plans, and monitor their progress and response to therapies.
Laptop computers with the PASTOR assessments were provided to patients at the end
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of their orientation, and patients were encouraged to complete PASTOR, but it was not a
requirement for continued care. Patients were contacted prior to their next visit with a
request to complete PASTOR. This could be accomplished, prior to the appointment, on
a personal device, or at a kiosk in the clinic [44].

For this secondary analysis, data from patients with at least three PASTOR
assessments (N = 190) were included. A minimum of three assessments were needed to
show a potential nonlinear trend or pattern of change [45]. The frequency of PASTOR
assessments was contingent on prompts to patients by their pain medicine physicians
coinciding with patient visits and/or the need to collect data to gauge the effectiveness of
pain therapies. Assessment completion dates were evaluated to confirm that there were
at least 14 days between each assessment, which was believed to be reasonable to
allow time for changes in pain outcomes to be realized. For data collection points not
exceeding 14 days between assessments, these data points were eliminated and the
next assessment after 14 days from the prior one was included. The mean time period
from the first to last assessment was 18.85 weeks.

Study Measures
PASTOR is a web-based survey tool of PROMIS measures developed for use by the
Departments of Defense and Veterans Health Affairs to assess and track
biopsychosocial patient-reported outcomes for pain [46]. PASTOR employs computer
adaptive testing, which tailors items to each individual by incorporating an algorithm that
uses information derived from a previous item response to select the follow-on item [43,
47]. This allows for high measurement precision while simultaneously decreasing
64

response burden [48]. PROMIS scores within PASTOR are standardized to the T-score
metric, with a mean score of 50 and a standard deviation of 10, allowing for comparison
of patients’ scores to a United States reference population [48].

For this secondary analysis, patient-reported data elements on 190 patients extracted
from the original PASTOR database included the DVPRS pain intensity scale for
average pain ratings and PROMIS Physical Function, Fatigue, Sleep-related Impairment,
Depression, Anxiety, and Anger measures. Average pain intensity with the DVPRS was
recalled over the past 7 days. Each PROMIS measure in PASTOR utilized in this study
required a response to a minimum of four items and a maximum of five items to compute
a T-score for the respective categories. All items in each category, except Physical
Function, request pain-related information experienced over the past 7 days. Physical
Function emphasizes current capabilities and the item stems begin with phrases such as
“Are you able to…”

The PROMIS Neuropathic Pain Quality Scale (PROMIS PQ-Neuro), termed the
PROMIS Neuropathic Pain Scale in PASTOR, consists of five items about the patient’s
pain in the past 7 days. Specifically, items capture the sensory component of NP (i.e.,
pins and needles, tingly, stinging, electrical, and numb) with responses scaled from 1
(not at all) to 5 (very much) [20]. Based on T-score calculations from the PROMIS PQNeuro Scale responses, two cutoff threshold points, 50 and 57, were used in this
analysis to determine a positive screen for the presence of NP [20]. Prior research
conducted by Askew et al. established a T-score threshold of 50 as having sensitivity of
0.77 and specificity of 0.70, whereas a T-score threshold of 57 yielded sensitivity and
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specificity of 0.42 and 0.90, respectively [20]. A detailed description of each PROMIS
measure appears in Table 1. Several studies support the validity and reliability of
PROMIS measures in diverse samples [49-53]. Specifically, Cook et al. 2017 confirmed
strong psychometric properties for PROMIS patient-reported measures in ongoing
routine clinical care for a military population [44].

Statistical Analysis
Data analyses were performed using IBM SPSS Statistical Software version 24.0
(Armonk, New York). At 80% power and α = .05 for a standardized effect size (δ) we
were able to achieve a medium effect size for 190 participants (n = 137 if δ = .5 to n =
212 if δ = .4). Descriptive statistics were calculated for the entire original sample (N =
640) and for the study cohort of 190 patients who completed at least three PASTOR
assessments for the following variables: age, gender, level of education, marital status,
military status, rank, branch of service, and whether or not pain limited the number of
hours worked per week. Additional information from PASTOR was obtained for study
cohort on relationship of injury to deployment, and the impact of pain on the ability to
perform work. A comparison of the 450 patients who did not complete at least three
PASTOR assessments and the 190 who completed at least three assessments was
conducted using ANOVA and Chi-squared tests. A P value < 0.05 was considered
significant for all analyses in this investigation. DVPRS average pain intensity was
compared between those cutoff T-scores of ≥ 50 and ≥ 57 using Mann Whitney U tests.

Multilevel models (MLM) were employed for each outcome variable, testing a sequence
of two models: (1) growth models; and (2) cross-level interaction models. Multilevel
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modeling is a common analytic method for repeated measures [45, 54, 55], and is
appropriate when all data points are not independent. Because within-subject
observations are likely correlated, MLM allows for a regression analysis that adjusts for
the correlation in the estimation of the standard error [56]. MLM also has advantages
with unequal repeated measures intervals evident in this dataset [45]. The growth
models included fixed and random effects. Time was the time-varying predictor, which is
a fixed effect, and the random coefficient (i.e., variance component) of interest were the
intercepts unique to each individual. This model provided information on changes in the
outcome variable over time [45]. To further expand the growth model, separate crosslevel interaction models were constructed using both the 50 and 57 T-score thresholds
at baseline as positive for NP to analyze whether changes in patient-reported outcomes
were simultaneously dependent on time and NP [45, 57]. To optimize specificity, (i.e., to
maximize the likelihood of eliminating patients without NP [20]) models were re-run with
a T-score threshold of ≥ 57. The predictors and fixed effects for the cross-level
interaction models were NP and time, the random effects were the intercepts, and the
random errors were the residuals (i.e., intra-individual variability) unique to each
individual for the outcome variable of interest. Three respondents were not included in
the cross-level interaction analysis due to missing or incomplete data in the PROMIS
Neuropathic Pain Scale.

Results
Sample Characteristics
The eligible sample of 190 service members had a mean age of 35.06 years (SD = 8.62;
median 34; range 20-59) and were predominately male (84%). Table 2 reports all
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sociodemographic data on eligible participants (N = 190). To assess for an unbiased
representation of the full sample (i.e., to compare those who had at least three PASTOR
assessments to those who did not), the sociodemographic data from the 450 noneligible
patients were compared to the 190 eligible patients. There was no statistically significant
difference in mean age between the two groups, F (1, 638) = 2.21, P = 0.138, η2 = 0.003
(non-eligible mean age 36.43 years; SD = 11.47; median 34). Chi-squared analysis
tested for statistically significant differences in eligibility by gender, education, marital
status, military status, rank, branch of service, number of hours pain limited ability to
work per day, and when injury occurred in relation to deployment. Statistical equivalence
was established for gender, level of education, marital status, rank, number of hours
limited per week, and when the injury occurred related to deployment. Statistically
significant differences were noted for military status (χ2 (4) = 24.412, P < .001) and
branch of service (χ2 (5) = 11.320, P = 0.045).

Pain Severity and NP Diagnosis
Table 3 lists the means for DVPRS average pain intensity for the entire sample and
those screening positive and negative for NP using the PROMIS Neuropathic Pain Scale
threshold cutoffs of 50 and 57 across the first five assessment time points. The mean
DVPRS average pain intensity for the entire sample at the first assessment was 5.80
(SD = 1.44), indicating moderate pain severity. There were no significant differences in
average pain ratings by assessments between patients screening positive and negative
for NP at the T-score threshold of 50. However, significantly higher mean average pain
ratings were observed for patients with NP using the T-score threshold of 57 at
assessment points two, three, and five (P = 0.009, 0.009, and 0.038, respectively).
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Reliability for the PROMIS Neuropathic Pain Scale: Internal consistency reliability
(Cronbach’s alpha) was α = 0.749 for the five-item PROMIS Neuropathic Pain Scale in
PASTOR.

Multilevel Modeling
Separate MLMs were tested for each of the six outcome variables: PROMIS Physical
Function, PROMIS Fatigue, PROMIS Sleep-related Impairment, PROMIS Depression,
PROMIS Anxiety, and PROMIS Anger. The regression coefficients and the variance
components are reported for each model as well as Akaike’s Information Criterion (AIC)
and Schwartz’s Bayesian Criterion (BIC). AIC and BIC are reported to compare the
sequence of models; the lower the number the better the model fit [58]. Descriptive
statistics for T-scores for all PASTOR measures appear in Table 4 for PROMIS
Neuropathic Pain Scale screen at T-score threshold 50 and Table 5 for T-score
threshold 57.

A growth model was run with time as the predictor variable to assess if patient-reported
outcomes improved over time (Table 6). The results of this analysis showed time was
statistically significant for fatigue (P = .003), sleep-related impairment (P = .001), and
anger (P = .001). Time was not statistically significant for physical function, depression,
or anxiety. When conducting the analysis for cross-level interaction, time remained
significant for fatigue with NP ≥ 50 (P = .006), sleep-related impairment NP ≥ 50 (P =
.010), and anger NP ≥ 50 (P = .003); however, there were no statistically significant
findings for the cross-level interaction of time and NP. At NP ≥ 57, the cross-level
interaction was significant for sleep-related impairment (P = .022), suggesting that there
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is an interaction effect between time and NP at the T-score threshold of 57. The positive
and negative NP groups at NP ≥ 57 have different trajectories of sleep-related
impairment over time. Those screening positive for NP had worsening sleep-related
impairment over time, and those screening negative NP had improvement in sleeprelated impairment over time (See Figure 1). The greatest differences occurred as the
number of assessments increase, which may be due to ongoing undermanaged NP. It is
important to note that sample size decreased with each assessment and markedly after
assessment four.

Discussion
The study was designed to compare those who screen positive for NP against those
who screen negative for NP on the patient-reported outcomes of (1) physical function,
(2) fatigue, (3) sleep-related impairment, (4) depression, (5) anxiety, and (6) anger. All
eligible study participants completed at least three PASTOR assessments in the 10month period. The majority of the population in this study consisted of active duty, Army
personnel with an average age of 35.06 years who were referred by their primary care
provider to the Interdisciplinary Pain Management Center for pain specialist care. The
differences found when comparing the 450 non-eligible patients to the 190 eligible
patients, for military status and branch, are attributed to the large percentage of Army
personnel in the original database.

Our study reported a Cronbach’s α of 0.749 for the PROMIS Neuropathic Pain Scale in
PASTOR. A Cronbach’s α of 0.80 is recognized as an indication of good reliability for
multiple item questionnaires [54]. In the original testing of the PROMIS PQ-Neuro with a
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larger and more heterogeneous sample of 735 patients diagnosed with osteoarthritis,
rheumatoid arthritis, diabetic neuropathy, and cancer chemotherapy-induced peripheral
neuropathy, Cronbach’s alpha was 0.87 [20]. While the PROMIS Neuropathic Pain Scale
in PASTOR yielded a somewhat lower α for this study, levels above 0.70 are considered
adequate, particularly for subscales or instruments with fewer items [59].

Findings from this study support the importance of measuring multivariable patientreported biopsychosocial pain outcomes in a military population. Others recognize the
value of this approach especially for populations with NP [60]. Given that NP is
associated with a decreased quality of life [22] and impairment in physical, emotional
and social functioning, and sleep interference [61], tracking comprehensive patient data
is essential to gauge responses to treatment. Unlike pain without a neuropathic origin,
which usually occurs in response to a noxious stimuli and is short-lived, NP is typically
chronic and leads to maladaptive changes in the peripheral and central nervous system
often requiring mechanism-specific targeted therapies [62]. Additionally, sensory
symptoms from NP such as burning, stabbing, and shock-like pain can be more difficult
to manage than pain sensations without a neuropathic origin [63]. Studies report that
most patients with NP do not often achieve pain relief even with aggressive treatment
[64], and therapies that are effective for pain without a neuropathic origin may not be
effective for NP [11]. Further compounding the problem of pain assessment in military
and veteran populations is the reluctance to report pain as this may be perceived as a
sign of weakness, and therefore its presence or severity might be underreported [65,
66].
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The results of this analysis demonstrate overall improvements across time for a
population of active duty military personnel reporting pain-related outcomes for fatigue,
sleep-related impairment, and anger. This is a noteworthy observation as fatigue and
sleep-related impairment are considered risk factors in the military environment, and are
attributed to performance error, poor work performance, and potentially increased
military accident rates [67, 68]. Problems with pain, sleep and fatigue have been
previously documented in 1,522 post-deployment infantry soldiers, as symptoms most
commonly identified from the Patient Health Questionnaire [69]. Moreover recognizing
that patients in the Madigan Interdisciplinary Pain Management Center were receiving
care to decrease their pain, it is not surprising to find a decrease in anger over time, as
this is consistent with a study of veterans where pain intensity was positively associated
with maladaptive anger management [41]. Anger is harmful to the physical,
psychological, and social well-being of persons with pain, and can negatively affect
interpersonal relationships [70]. It can also impede communication and progression in
therapy, whereas decreased anger may facilitate a positive patient-provider interaction
and increased compliance [70], potentially leading to improvements in other outcomes.

The lack of statistically significant improvements in several of the PASTOR measures
over time might be attributed to the high resilience of active duty military members with
pain and their service responsibilities requiring them to remain physically active [71].
However, even these observed patterns for pain-related outcomes over time contribute
to understanding of using PASTOR data in specialty pain care programs. For example,
anxiety and physical function did show a trend toward improvement over time. This trend
aligns with studies addressing anxiety [40] and physical function [37] that stress the
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importance of identifying correlates of pain, and that changes in physical and mental
outcomes do not occur in isolation [72]. In contrast, there was a worsening for
depression measured over time. Utilizing a baseline and follow-up assessment from the
larger original PASTOR dataset used in this study, Flynn et al. also found worse
outcomes for depression, in addition to anxiety, and anger [43]. The authors surmised
that worsening of these PASTOR outcomes may be due to the lack of perceived
progress despite aggressive pain therapies and military members working hard to get
better [43]. In contrast, our study noted a trend toward improvements in anxiety and
anger, which was possibly due to our subset of patients having at least three
assessments, thereby allowing more opportunity to capture perceived improvements
from pain care. Finally, it may be necessary to isolate depression in future studies to
determine predictors, such as other external factors, that might have contributed to the
worsening of depression over time.

This study also found a statistically significant cross-level interaction at the PASTOR
Neuropathic Pain Scale T-score threshold 57 for NP, reporting the two predictors, time
and NP, interact, for sleep-related impairment. The trajectories for sleep-related
impairment were significantly different for those screening positive for NP from those
screening negative for NP. Participants positive for NP (at ≥ 57 T-score) reported
increasingly higher levels of sleep-related impairment than participants negative for NP.
Studies have documented that NP increases in intensity throughout the day, peaking at
night and impairing sleep [73, 74]. Evidence suggests that sleep-related deficits in
physical performance, cognition, alertness, and reasoning, all of which are critical to dayto-day operations of the military, can lead to negative consequences [68, 75],
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emphasizing the need to recognize military populations at increased risk for sleeprelated impairment. Moreover, if sleep-related impairment becomes progressively worse
over time in active duty members suffering from NP, pain treatment must focus on sleeprelated disturbances. Early interventions to address sleep-related impairment may
improve other biopsychosocial aspects of pain, as physical, mental, and social health
domains are interrelated and improving outcomes for one domain can lead to better
outcomes in others [61]. We did not observe statistically significant cross-level
interactions for NP using the T-score threshold of 50. This could be attributed to the
likelihood that more participants were captured with the NP ≥ 50 screen cutoff who did
not have NP. For NP ≥ 57, the only significant interaction was for sleep-related
impairment. If patients with chronic NP were studied over a longer time frame, it may
have been possible to detect significant changes in the other variables.

Although the PROMIS Neuropathic Pain Scale is not intended as a diagnostic test, it
should be used in conjunction with a thorough physical assessment to more
comprehensively diagnose NP pain and to guide treatment plans [20]. The NP cutoff
thresholds of 50 and 57 require further investigation as both are used in routine clinical
practice, and it will be critical to further validate sensitivity and specificity for the PROMIS
with military populations against other diagnostic criteria for NP.

Limitations
The findings of this study should be interpreted in the context of the following limitations.
First, the dataset included outcomes from military service members receiving care at one
pain center, which may limit the generalizability to other pain care settings. As such, pain
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therapy for NP may have been responsible for not finding a difference between patients
with and without NP for several of the outcomes. Second, the lack of significant findings
could be attributed to the limited number of assessments per participant and the short
10-month time frame, which did not allow for more PASTOR data points with a larger
sample. However, ongoing data collection with PASTOR at the Madigan Army Medical
Center Interdisciplinary Pain Management Center will provide a more expansive
database. Third, almost 90% of the study participants consisted of Army personnel,
which may limit the generalizability of the findings to other military populations. Fourth,
we were not able to discover whether patients had persistent acute or chronic pain.
Finally, we were not able to examine past and current pain and other health information
not linked to PASTOR that might help identify predictors for poorer or better PASTOR
outcomes.

Conclusion
PASTOR as an automated patient-reported outcomes system has enormous potential
for tracking and generating biopsychosocial outcomes at the point of care and for
research. PASTOR measures provide useful outcomes to diagnose pain and painrelated co-existing biopsychosocial problems, guide clinical care, and gauge responses
to pain therapies. For this study, PASTOR demonstrated that military service members
treated in an interdisciplinary pain management center had trends for improvements in
levels of fatigue, sleep-related impairment, and anger over time. This work emphasizes
the importance of addressing sleep-related impairment for patients with NP, which is
vital to work performance and potentially beneficial to positively influencing other
physical, mental, and social domains. However, given the decrease in sample size after
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four assessments, a more robust data set would be required to optimize the capabilities
of detecting significant improvements in all PASTOR measures over time. With the
incorporation of the PROMIS Neuropathic Pain Scale into PASTOR, there are further
opportunities to diagnose NP-based patient-reported symptoms and T-score thresholds,
which is invaluable to identifying NP and implementing and evaluating targeted therapies
for NP in military personnel.
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Figure 1 Sleep-related impairment over time for PROMIS Neuropathic Pain Scale Tscore threshold for NP of 57

Bars = standard errors
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Table 1 PROMIS domains and definitions
PROMIS® Domains
Physical Physical
Health
Function

Fatigue

SleepRelated
Impairment
Mental
Health

Depression

Anxiety

Anger

Physical function is multidimensional and measured by a
person’s ability to perform tasks ranging from low-level
activities of daily living to high-level physical function
such as endurance and strength activities.
Fatigue is defined as an inability to perform basic tasks
due to “an overwhelming and sustained sense of
exhaustion” that interferes with one’s work and
interaction in family and social situations.
Sleep-related impairment is focused on functional
deficiencies associated with sleep problems or
decreased alertness, and the patient’s perception of
alertness, sleepiness and tiredness.
Depression focuses on negative deficits such as
“negative mood (e.g., sadness, guilt), decreased positive
affect (e.g. loss of interest), information processing
deficits (e.g., problems in decision-making), negative
views of the self (e.g., self-criticism, worthlessness), and
negative social cognition (e.g., loneliness, interpersonal
alienation).”
Anxiety is measured through a patient’s report of “fear
(e.g., fearfulness, feelings of panic), anxious misery (e.g.,
worry, dread), hyperarousal (e.g., tension, nervousness,
restlessness) and somatic symptoms related to arousal
(e.g., cardiovascular symptoms, dizziness).”
Anger focuses on “angry mood (e.g., irritability,
reactivity), negative social cognition (e.g., interpersonal
sensitivity, envy, vengefulness), verbal aggression, and
efforts necessary to control angry mood.)”

Cella D, Riley W, Stone A, Rothrock N, Reeve B, Yount S, et al. The Patient-Reported
Outcomes Measurement Information System (PROMIS) developed and tested its first
wave of adult self-reported health outcome item banks: 2005-2008. J Clin Epidemiol.
2010;63(11):1179-94.
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Table 2 Sample descriptive statistics
Variable
Gender

Categories
Female
Male
Total

n Eligible (Percent)*
31 (16)
159 (84)
190 (100)

Education

High school or less
Advanced degree (MA, PhD, MD)
College degree (BA, BS)
High school grad or GED
Some college or technical degree
Total

Marital
Status

Not married

46 (25)

Married
Total
Military
Status

0 (0)
16 (9)
29 (15)
41 (22)
102 (54)
188 (100)

141 (75)
187 (100)

Active Duty

178 (96)

Guard/Reserve/Military Retired/Civilian
Total

8 (4)
186 (100)

Rank

Enlisted
Officer
Warrant officer
Total

157 (86)
20 (11)
6 (3)
183 (100)

Branch

Air Force
Army
Navy
Coast Guard/Marines/Federal Service
Total

10 (5.5)
170 (93)
2 (1)
1 (0.5)
183 (100)

Limit hours
per week

No
Yes
Total

81 (43)
108 (57)
189 (100)

When injury
occurred

During deployment
Not deployment related
Post-deployment
Pre-deployment
Total

69 (37)
82 (44)
14 (8)
21 (11)
186 (100)

* Valid percentage represented based on the number of respondents
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Table 3 Descriptive statistics for DVPRS average pain intensity by PROMIS Neuropathic
Pain Scale T-score thresholds for NP of 50 and 57 across time
Assessments*

T-Score Threshold 50
NonNP
NP
Sig.

T-Score Threshold 57
NonNP
NP
Sig.

n
Mean (SD)
Range

n
Mean (SD)
Range

P
value

n
Mean (SD)

n
Mean (SD)

P value

Assessment 1

44
6.14 (1.42)
3 - 10

140
5.70 (1.43)
2 - 10

.063

118
5.69 (1.39)
3 - 10

66
6.02 (1.49)
2 - 10

0.089

Assessment 2

42
5.33 (1.44)
2-8

129
5.50 (1.46)
2-9

.620

107
5.23 (1.36)
2-9

64
5.83 (1.53)
2-9

0.009**

Assessment 3

42
5.19 (1.80)
2-9

130
5.36 (1.72)
1 - 10

.395

111
5.06 (1.78)
1-9

61
5.79 (1.56)
1 -10

0.009**

Assessment 4

21
4.86 (1.82)
0 -7

78
5.27 (1.75)
2-9

.569

64
5.05 (1.67)
0-8

35
5.43 (1.95)
2-9

0.362

Assessment 5

7
4.86 (3.39)
0–9

38
5.16 (1.72)
1-8

.962

29
4.69 (2.16)
0-9

16
5.88 (1.50)
2-8

0.038**

2
6.00 (1.41)
5 -7

13
5.23 (1.3)
2-7

10
5.20 (1.48)
2 -7

5
5.60 (0.89)
5-7

nc

5
4.40 (1.52)
2-6

2
7.50 (0.71)
7-8

0.051

nc

2
3.00 (1.41)
2-4

0 patients

nc

Assessment 6

Assessment 7

0 patients

Assessment 8

0 patients

.470

7
5.29 (1.98)
2- 8
2
3.00 (1.41)
2-4

0.696

* Discrepancies in numbers of participants are due to missing data on the DVPRS average pain
intensity scale or PROMIS Neuropathic Pain Scale.
NonNP = no neuropathic pain; NP = neuropathic pain; SD = standard deviation; nc = no
comparison possible to no patients in a group
** = statistical significance < 0.05 for comparisons of no NP to NP average pain using Mann
Whitney U tests; all significant P values indicate statistically significant higher average pain for NP
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Table 4 Descriptive data for PASTOR measures by assessment for PROMIS Neuropathic Pain Scale T-score threshold for NP of 50*
PASTOR
PROMIS
Measures

Assessment 1
n
Mean
(SD)

Assessment 2

Assessment 3

Assessment 4

Assessment 5

CI
(T-Score
Range)

n
Mean
(SD)

CI
(T- Score
Range)

n
Mean
(SD)

CI
(T-Score
Range)

n
Mean
(SD)

CI
(T-Score
Range)

n Mean
(SD)

CI
(T-Score
Range)

Physical Function
Non-NP

45
40.75
(4.98)

39.25-42.25
(32.21-50.11)

42
40.54
(5.19)

38.92-42.15
(28.58-53.11)

42
41.19
(6.41)

39.19-43.19
(29.58-67.74)

21
41.00
(7.82)

37.44-44.56
(29.58-65.58)

7
41.16
(10.32)

31.62-50.70
(23.47-50.97)

NP

142
39.64
(6.05)

38.64-40.65
(24.67-61.04)

129
39.56
(5.50)

38.60-40.52
(24.67-61.04)

133
39.56
(6.11)

38.51-40.61
(20.03-62.90)

75
39.25
(5.54)

37.98-40.53
(26.84-51.28)

38
40.54
(7.31)

38.14-42.94
(27.23-61.26)

45
57.29
(8.51)

54.73-59.85
(41.16-73.94)

42
57.45
(7.94)

54.98-59.93
(42.49-76.03)

42
58.70
(8.68)

56.00-61.41
(29.11-73.94)

21
58.34
(10.40)

53.61-63.08
(29.11-73.94)

7
50.66
(11.00)

40.49-60.83
(29.11-64.25)

57.22-60.36
(34.29-79.51)

129
58.91
(8.67)

57.40-60.42
(29.11-79.51)

133
57.83
(9.10)

56.27-59.39
(29.11-79.51)

75
58.24
(9.22)

56.12-60.36
(34.29-76.03)

38
56.94
(10.90)

53.35-60.52
(29.11-74.31)

56.56-61.9
(41.66-77.08)

42
60.19
(8.97)

57.39-62.98
(38.75-77.08)

42
58.81
(8.98)

56.02-61.62
(30.30-77.08)

21
59.41
(10.75)

54.52-64.30
(37.42-79.61)

7
53.58
(11.07)

43.34-63.82
(34.45-68.62)

142
60.70
(8.11)

59.36-62.05
(30.30-77.08

129
60.69
(8.49)

59.21-62.16
(35.72-79.61)

133
60.05
(9.04)

58.50-61.61
(30.30-79.61)

75
59.48
(10.47)

57.07-61.89
(30.30-79.61)

38
58.11
(10.44)

54.68-61.54
(34.45-77.08)

Non-NP

45
50.79
(8.25)

48.31-53.27
(35.88-75.76)

42
51.00
(10.00)

47.88-54.11
(35.88 -78.05)

42
52.45
(9.02)

49.64-55.26
(35.88-75.24)

48.40-56.66
(35.88-78.05)

7
52.86
(11.57)

42.16-63.56
(35.88-69.45)

NP

142
51.70
(9.97)

50.05-53.35
(35.88-76.48)

127
52.09
(10.05)

50.33-53.85
(35.88-78.05)

132
52.05
(10.46)

50.25-53.85
(35.88-80.69)

49.95-54.30
(35.88-73.10)

38
51.30
(10.60)

47.81-54.78
(35.88-68.97)

Fatigue
Non-NP

87

142
58.79
(9.46)
Sleep-related Impairment
45
Non-NP
59.23
(8.89)
NP

NP
Depression

21
52.53
(9.07)

74
52.13
(9.39)

Anxiety
Non-NP

45
55.12
(8.31)

52.62-57.62
(35.37-73.44)

42
54.27
(10.16)

51.11-57.44
(35.37-76.19)

42
54.30
(9.98)

51.19-57.41
(35.37-75.76)

21 54.53
(10.77)

49.63-59.43
(35.37-72.01)

7
56.86
(10.17)

47.45-66.27
(41.34-73.44)

NP

142
56.44
(9.39)

54.88-58.00
(35.37-76.19)

127
56.64
(10.14)

54.86-58.42
(35.37-76.24)

132
55.70
(10.38)

53.91-57.48
(35.37-84.30)

73
56.76
(9.45)

54.56-58.97
(35.37-75.26)

38
54.19
(11.26)

50.49-57.89
(35.37-82.32)

Anger
Non-NP

NP

45
55.53
(10.83)

142
55.53
(10.86)

52.28-58.79
(30.97-81.22)

53.72-57.33
(30.97-81.96)

42
54.80
(10.74)

127
55.55
(10.76)

51.46-58.15
(30.97-71.58)

53.67-57.44
(30.97-79.95)

42
54.46
(11.34)

132
54.45
(11.22)

50.92-57.99
(30.97-73.79)

52.51-56.38
(30.97-81.96)

21
54.20
(11.98)

73
54.89
(11.50)

48.75-59.66
(30.97-76.97)

52.21-57.57
(30.97-81.96)

7
53.84
(13.37)

38
51.50
(13.28)

41.48-66.21
(30.97-73.04)

47.13-55.86
(30.97-78.20)

*Three respondents did not have a T-score for neuropathic pain due to missing or incomplete data; Descriptive data not displayed for
assessments 6 through 8 due to small sample sizes (n ≤ 15)
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Non-NP = screen negative for neuropathic pain; NP = screen positive for neuropathic pain; SD = standard deviation; CI = confidence interval
with lower and upper limits

Table 5 Descriptive data for PASTOR measures by assessment for PROMIS Neuropathic Pain Scale T-Score threshold for NP of 57*
PASTOR
PROMIS
Measures

Assessment 1

Assessment 2

Assessment 3

Assessment 4

Assessment 5

n
Mean
(SD)

95% CI
(T-Score Range)

n Mean
(SD)

95% CI
(T-Score
Range)

n
Mean
(SD)

95% CI
(T-Score
Range)

n
Mean
(SD)

95% CI
(T-Score
Range)

n
Mean
(SD)

95% CI
(T-Score
Range)

Non-NP

119
40.50
(5.90)

39.43-41.57
(24.82-61.04)

107
40.45
(5.47)

39.40-41.50
(28.58-61.04)

112
40.24
(6.67)

38.99-41.49
(20.03-67.74)

63
40.25
(6.02)

38.74-41.77
(29.58-65.58)

29
41.76
(7.24)

39.00-44.51
(23.47-53.11)

NP

68
38.87
(5.57)

37.52-40.22
(24.67-52.75)

64
38.71
(5.22)

37.40-40.01
(24.67-51.28)

63
39.43
(5.29)

38.10-40.77
(29.58-55.83)

33
38.45
(6.19)

36.26-40.65
(26.84-51.28)

16
38.61
(8.35)

34.16-43.06
(27.23-61.26)

119
57.78
(9.27)

56.10-59.47
(34.29-76.03)

107
57.65
(8.20)

56.08-59.22
(42.49-79.51)

112
57.71
(9.23)

55.98-59.43
(29.11-79.51)

63
57.94
(9.64)

55.51-60.37
(29.11-73.94)

29
53.98
(10.90)

49.83-58.13
(29.11-74.31)

57.33-61.77
(34.29-79.51)

64
60.06
(8.83)

57.86-62.27
(29.11-79.51)

63
58.64
(8.57)

56.48-60.79
(29.11-73.94)

33
58.87
(9.13)

55.64-62.11
(39.05-76.03)

16
59.54
(10.67)

53.86-65.23
(34.29-73.94)

58.01-60.99
(38.75 -77.08)

107
59.31
(8.55)

57.67-60.95
(35.72-79.61)

112
59.11
(9.35)

57.36 -60.86
(30.30-79.61)

63
59.10
(10.33)

56.50-61.71
(30.30-79.61)

29
53.41
(9.44)

49.82 -57.01
(34.45-68.62)

68
61.83
(8.31)

59.82-63.85
(30.30-77.08)

64
62.66
(8.29)

60.59-64.73
(36.37-79.61)

63
60.92
(8.33)

58.82-63.01
(38.75-72.48)

33
60.14
(10.89)

56.28-64.00
(36.37-79.61)

16
64.63
(8.54)

60.08 -69.18
(52.51-77.08)

Non-NP

119
51.12
(9.27)

49.44-52.80
(35.88-76.48)

105
51.19
(9.81)

49.29-53.09
(35.88-78.05)

112
52.80
(9.73)

50.98-54.62
(35.88-76.88)

63
51.59
(8.87)

49.36-53.83
(35.88-78.05)

29
50.12
(10.62)

46.09-54.16
(35.88-69.45)

NP

68
52.11
(10.11)

49.66-54.56
(35.88-74.36)

64
52.84
(10.34)

50.26-55.43
(35.88-78.05)

62
50.97
(10.73)

48.24-53.69
(35.88-80.69)

32
53.44
(10.04)

49.82-57.06
(35.88-73.10)

16
54.11
(10.51)

48.51-59.71
(35.88-67.54)

119
55.34
(8.61)

53.77-56.90
(35.37-73.44)

105
54.79
(9.87)

52.88-56.70
(35.37-76.19)

112
55.20
(10.17)

53.29-57.10
(35.37-76.24)

62
55.09
(9.33)

52.72-57.46
(35.37-72.01)

29
53.32
(10.33)

49.39-57.25
(35.37-73.44)

Physical Function

Fatigue
Non-NP

89

68
59.55
(9.16)
Sleep-related Impairment
119
Non-NP
59.50
(8.22)
NP

NP
Depression

Anxiety
Non-NP

68
57.50
(9.91)

55.10-59.90
(35.37-76.19)

64
58.13
(10.39)

55.54-60.73
(35.37-76.24)

62
55.65
(10.53)

52.98-58.33
(35.37-84.30)

32
58.53
(10.26)

54.84-62.23
(35.37-75.26)

16
56.92
(12.19)

50.43-63.42
(35.37-82.32)

Non-NP

119
55.47
(10.16)

53.63-57.32
(30.97-81.96)

105
54.74
(11.08)

52.59-56.88
(30.97-79.95)

112
54.84
(11.14)

52.75-56.92
(30.97-81.49)

62
54.24
(11.24)

51.39-57.10
(30.97-80.31)

29
49.52
(13.08)

44.55-54.50
(30.97-78.20)

NP

68
55.63
(11.97)

52.73-58.53
(30.97-80.51)

64
56.41
(10.11)

53.88-58.93
(30.97-74.25)

62
53.75
(11.39)

50.85-56.64
(30.97-81.96)

32
55.69
(12.25)

51.27-60.10
(34.15-81.96)

16
56.10
(12.64)

49.37-62.84
(37.06-77.51)

NP
Anger

PASTOR
PROMIS
Measures

Assessment 6**

Assessment 7**

n
Mean
(SD)

95% CI
(T-Score Range)

n Mean
(SD)

95% CI
(T-Score Range)

Non-NP

10
38.39
(4.65)

35.07-41.72
(32.06-49.05)

5
42.28
(3.64)

37.75-46.80
(38.45-47.64)

NP

5
37.43
(3.16)

33.52-41.35
(34.66-42.63)

2
36.06
(0.17)

29.72-42.39
(35.56-36.55)

10
61.25
(8.80)

54.95-67.54
(42.49-73.94)

5
56.85
(10.18)

44.21-69.49
(47.25-73.94)

55.92-67.49
(55.49-67.95)

2
65.17
(8.56)

-11.72-142.07
(59.12-71.23)

51.57-63.41
(45.84-73.85)

5
56.93
(4.91)

50.84-63.02
(54.31-65.59)

49.23-80.63
(49.50-79.61)

2
67.93
(0.97)

59.18-76.68
(67.24-68.62)

Physical Function

90
Fatigue
Non-NP

5
61.70
(4.66)
Sleep-related Impairment
10
Non-NP
57.49
(8.27)
NP

NP

5
64.93
(12.64)

Depression
Non-NP

10
56.20
(10.50)

48.69-63.71
(35.88-71.37)

5
49.52
(11.02)

35.83-63.20
(35.88-66.48)

NP

5
51.71
(9.77)

39.58-63.84
(35.88-62.17)

2
48.93
(10.09)

-41.76-139.61
(41.79-56.07)

Non-NP

10
59.39
(9.98)

52.26-66.53
(35.37-68.62)

5
53.53
(9.29)

42.00-65.06
(40.16-65.57)

NP

5
60.45
(13.29)

43.96-76.95
(43.58-76.24)

2
51.18
(0.00)

51.18-51.18
(51.18-51.18)

Non-NP

10
57.91
(12.50)

48.96-66.85
(34.15-78.20)

5
49.98
(11.34)

35.89-64.06
(30.97-61.20)

NP

5
57.98
(8.53)

47.38-68.58
(50.43-71.58)

2
43.19
(17.29)

-112.15-98.53
(30.97-55.42)

Anxiety

Anger
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*Three respondents did not have a T-score for neuropathic pain due to missing or incomplete data
**Sample size ≤15
Non-NP = screen negative for neuropathic pain; NP = screen positive for neuropathic pain; SD = standard deviation; CI = confidence interval
with lower and upper limits

Table 6 Growth models for PASTOR measures
Physical Function
Fixed Effects
Intercept
Time
Random
Effects
residual
intercepts

Coefficient
(SE)
39.52 (.46)
0.18 (.11)

12.70 (.79)
23.09 (2.76)
ICC
AIC
BIC

p value
<.001
=.088

Fatigue
95% CI
Lower
upper
38.62
-0.03

40.42
0.39

<.001
11.24
<.001
18.28
0.64
4193.4
4202.52

14.35
29.19

Coefficient
(SE)
59.33 (.69)
-.48 (.16)

30.08 (1.87)
51.47 (6.16)
ICC
AIC
BIC

Depression
Fixed Effects
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Intercept
Time
Random
Effects
residual
intercepts

Coefficient
(SE)
51.64 (.74)
.04 (.15)

25.51 (1.59)
71.01 (8.06)
ICC
AIC
BIC

p value
<.001
=.812

p value
<.001
=.003

Sleep-related impairment
95% CI
lower
upper
57.96
-0.8

60.69
-0.16

<.001
26.63
<.001
40.71
0.63
4791.25
4800.36

33.97
65.08

Coefficient
(SE)
61.29 (.70)
-0.54 (.17)

32.67 (2.04)
50.51 (6.19)
ICC
AIC
BIC

Anxiety
95% CI
Lower
upper
50.17
-0.26

53.1
0.33

<.001
22.57
<.001
56.85
0.74
4731.24
4740.35

28.83
88.7

Coefficient
(SE)
56.33 (.75)
-.26 (.15)

26.74 (1.67)
72.42 (8.25)
ICC
AIC
BIC

p value
<.001
=.089

p value
<.001
=.001

95% CI
lower
upper
59.91
-0.87

62.67
-0.21

<.001
28.92
<.001
39.73
0.6
4833.21
4842.32

36.92
64.21

Anger
95% CI
lower
upper
54.85
-0.57

57.82
0.04

<.001
23.66
<.001
57.93
0.73
4753.19
4762.29

30.23
90.53

Coefficient
(SE)
56.31 (.85)
-.60 (.18)

37.04 (2.32)
86.39 (9.97)
ICC
AIC
BIC

p value
<.001
=.001

95% CI
lower
upper
54.64
-0.96

57.97
-0.24

<.001
32.77
<.001
68.89
0.7
4955.86
4964.96

41.87
108.3

CI = confidence interval; SE = standard error; ICC = intraclass correlation; AIC = Akaike’s information criterion; BIC = Schwartz’s Bayesian criterion

CHAPTER FOUR
Patterns of Change in Pain-related Physical, Mental, and Social Health Outcomes
Target Journal: Military Medicine
Background: Few studies examine the use of the Pain Assessment Screening Tool and
Outcomes Registry (PASTOR), developed to assess the therapeutic effectiveness of
pain interventions and monitor patient progress. This is one of the first studies to utilize
PASTOR data to analyze changes in pain intensity and interference and their
relationships with physical, mental, and social health domains over time for pain patients
in an Interdisciplinary Pain Management Center.
Methods: A descriptive-correlational design employing percent change and multilevel
modeling was used in a secondary analysis of existing PASTOR data collected over a
10-month period from patients referred to an Army interdisciplinary pain center. The
sample (N = 190) consisted of specialty pain care patients who completed a least three
PASTOR assessments during the course of their clinical care. The 0-10 numeric
Defense and Veterans Pain Rating Scale (DVPRS) was used to measure average and
worst pain intensity, and Patient Reported Outcomes Measurement System (PROMIS®)
T-scores were used to measure Pain Interference, Physical Function, Fatigue, Sleeprelated Impairment, Depression, Anxiety, Anger, and Satisfaction with Social Roles.
Results: The majority of the sample consisted of male (84%, n = 159), active duty (96%,
n = 178), Army (93%, n = 170) personnel with a mean age of 35.06 years (SD = 8.62).
The percent difference from assessment one to assessment three showed improvement
for DVPRS average pain (- 5.12), DVPRS worst pain (-2.15) and PROMIS Pain
Interference T-score (-1.97). Percent improvement was found for all PROMIS measures
with the exception of depression, for which there was worsening over time. Correlation
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coefficients, computed for association of percent change from assessment one to
assessment three, for average and worst pain intensity, and pain interference found the
largest association for each was in physical function ranging from r = -.342 (P < 0.001)
for average pain to r = -0.612 (P < 0.001) for pain interference. Multilevel models
showed an increase in average and worst pain, and pain interference was associated
with a decrease in satisfaction with social roles (P < 0.001).
Conclusion: The analysis identified patterns of change over time in physical, mental,
and social health outcomes, as well as associations important to understanding the
complexities of pain.
Key words: pain, military, physical health, mental health, social health, PASTOR,
PROMIS
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INTRODUCTION
“Treating pain is one of medicine’s oldest and most fundamental responsibilities.”1 The
importance of early and effective pain management is a national priority2 as well as a
priority for the Department of Defense (DoD).1 About 100 million adults suffer from acute
and chronic pain in the United States (U.S.).2 Military populations experience a broad
spectrum of pain conditions resulting from noncombat and combat injuries encountered
in military settings as well as pain unrelated to military duties. Pain from musculoskeletal
injuries are primary reasons for active duty soldiers seeking medical attention, having
lost days on duty, requiring hospitalization, and necessitating medical evacuation from
the battlefield.3-5 While precise overall estimates of pain among active duty (AD) service
members remain unknown, many are receiving treatment for pain. Recent data show
that for the entire Army, nonsteroidal anti-inflammatory drugs (NSAIDs) were prescribed
to 69% of Army personnel in 2006, 77% in 2011, and 82% in 2014.6 For opioid
prescribing, 1,516,979 AD service members filled 7,119,945 opioid prescriptions
between 2006 to 2014 either in military treatment facilities or through TRICARE
coverage.7 These numbers emphasize the need to systematically and comprehensively
evaluate and monitor the ongoing effectiveness of pain care on patient-reported pain
and pain-related outcomes.8
In 2009, the Office of the Army Surgeon General chartered the Pain Management
Task Force comprised of 22 representatives from DoD and the Veteran’s Health
Administration (VHA) to examine pain practices and formulate recommendations to
improve clinical and administrative processes of care, expand pain services, and
implement evidence-based and best practices. The Task Force made 109
recommendations to support holistic, multidisciplinary, and multimodal pain strategies.1
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In addition, the Task Force, DoD and VHA jointly developed a new pain scale, the
Defense and Veterans Pain Rating Scale (DVPRS), for use as a standard pain measure
across DoD and VHA health care settings.9 The Task Force also collaborated with
investigators from Northwestern University to leverage the National Institutes of Health’s
(NIH’s) $100 million investment in the Patient-Reported Outcomes Measurement
Information System (PROMIS®).10 The work resulted in the creation of the Pain
Assessment Screening Tool and Outcomes Registry (PASTOR), a standardized pain
assessment system that incorporates the DVPRS scale, PROMIS measures, and other
clinical information relevant to pain.11 Preliminary research on PASTOR has validated its
utility in informing provider-patient encounters in routine clinical pain care.11-13 PASTOR
utilizes computer adaptive testing (CAT) to capture and quantify a broad spectrum of
biopsychosocial PROMIS measures including Pain Interference, Physical Function,
Fatigue, Sleep-related Impairment, Depression, Anxiety, Anger, and Satisfaction with
Social Roles.13 Bolstering its commitment to pain management, the U.S. Army also
established Interdisciplinary Pain Management Centers (IPMCs) at each Army medical
center. These IPMCs offer a variety of complementary and integrative pain services as
well as conventional pain management treatments.12
Military and veteran patient populations with pain struggle with physical functioning,14
sleep-related impairment,14-16 depression,14,15 generalized anxiety,14,17 and anger.18
Research conducted on civilian populations with pain has also documented that
persistent pain and its interference with normal roles have a deteriorating effect on
relationships, occupation, and social functioning.19-21 A study with PASTOR data
revealed that 10.3% of military pain patients scored lowest on items in the PROMIS
Satisfaction with Social Roles measure.13 However, the impact of pain severity and pain
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interference on social role satisfaction in AD military personnel has not been thoroughly
investigated.
PASTOR provides a unique opportunity to collect uniform pain outcomes from
military populations experiencing pain, which can inform clinical decision-making
regarding the effectiveness of pain interventions. Using an existing PASTOR database
obtained from a military IPMC, the purpose of this study was to: (1) describe the patterns
of change over time (from assessment one to assessment three) in pain intensity, pain
interference, physical function, fatigue, sleep-related impairment, depression, anxiety,
and anger in the AD military population (Aim 1); and (2) examine the effects of pain
intensity and pain interference over time on satisfaction with social roles, controlling for
physical function, fatigue, sleep-related impairment, depression, anxiety, and anger (Aim
2). PASTOR measures used in this study represent outcomes that are part of the
physical, mental, and social health domains of PROMIS. The analytical approaches to
PASTOR data in this analysis differ from previously reported work with PASTOR,12,13
and add to the understanding of associations among PASTOR measures that are vital to
elucidating the biopsychosocial complexity of pain.

METHODS
A descriptive-correlational design was used in a secondary analysis of longitudinal
PASTOR data collected over a 10-month period from patients referred to the Madigan
Army Medical Center IPMC, Tacoma, WA, for specialty pain care. Exempt status
approval was granted by the Madigan Institutional Review Board for the parent study,
“Retrospective Evaluation of Relationships among Pain Correlates and Psychometric
Evaluation of the Measures that Estimate Them” (Research Protocol #215049). Access
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to the PASTOR research database was obtained through a Materials Transfer
Agreement executed among the Clinical & Translational Research Program Office
(CTRPO) (United States Army Medical Command), Madigan Army Medical Center and
the Trustees of the University of Pennsylvania (Office of Research Services).
Participants and Procedures
All participants in the PASTOR database were referred by their primary care providers
or, less frequently, by medical or surgical specialists, to the Madigan Army IPMC for pain
care by an interdisciplinary team of health care providers. The period of data collection
commenced May 27, 2014 and extended to March 31, 2015. Patients were 18 years of
age or older and able to read and write English. Patients with cognitive impairments or
physical limitations that precluded their ability to complete a computer-based survey
were excluded from the study. As patients were oriented to the Madigan IPMC, they
were instructed on the PASTOR data entry system, and were informed that physicians
and other IPMC providers may use the patient-reported outcomes system to develop
individualized treatment plans and to monitor their responses to pain therapies.
Completion of PASTOR was encouraged but not a requirement for continued care.
Patients completed PASTOR at the time of enrollment and timing of subsequent
assessments coincided with patient visits and/or the need to monitor the effectiveness of
pain therapies. Participants could access PASTOR from personal devices, such as a
personal computer or smart phone, or at a kiosk station located in the pain center.12 A
research assistant notified patients prior to each appointment by text messaging, emails
or phone calls, and reminders were to encourage adherence to the study with
completion of all PASTOR data prior to arrival at the pain center.12
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The original Madigan PASTOR database included 640 enrolled patients completing
at least one PASTOR assessment. For the purpose of this study, participants were
selected for analysis if they completed at least three assessments; determined to be a
minimum number potentially capable of demonstrating a nonlinear trend or pattern of
change in outcomes over time.22 All dates for PASTOR assessments were evaluated,
and only those assessments sequenced at least 14 days apart were included in
analysis. Assessments less than 14 days from the prior assessment were deleted and
the subsequent completed assessment was used in sequence. A total of 190 patients
met the criteria for inclusion in this secondary analysis. The average time period
between the first and last assessment was 18.85 weeks.
Conceptual Foundation
Three separate but interrelated concepts of pain intensity, pain interference and
physical function were used for this analysis. Pain intensity and pain interference are
related, but distinct constructs,23 and are measured separately in this analysis. Pain
intensity is described as the sensation or severity of pain, whereas pain interference is
the response or reaction to pain.24 As demonstrated by Serlin et al. (1995), the
relationship between the two is not necessarily linear. Using a 0 – 10 numeric (step) pain
intensity rating scale, Serlin et al. (1995) found greater pain interference of function
between steps 4 and 5 and between steps 6 and 7 than between other steps on the
scale. Likewise, although pain interference and physical function are frequently used
interchangeably, they are treated as separate constructs for this analysis. Karayannis et
al. (2017) reported that the moderate correlation between the two constructs, when
measured concurrently, does not extend over time, and using physical function as a
substitute measure for pain interference, or vice versa, is not a useful approach.25 Pain
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interference may be more accurately viewed as the consequences of pain on
participation in activities including physical, cognitive, and emotion actions,23,25 whereas
physical function is a measurement of the ability to carry out a range of physical actions
from the simple to the complex.25,26
Measures
The PASTOR database used in this study contained PROMIS Pain Interference, PROMIS
Physical Function, PROMIS Fatigue, PROMIS Sleep-related Impairment, PROMIS
Depression, PROMIS Anxiety, PROMIS Anger, PROMIS Satisfaction with Social Roles,
and the DVPRS 11- point numeric rating scale for pain average and worst intensity.
Responses to items in each PROMIS measure, except Physical Function, were framed
over the past 7 days. Physical Function items required a response to current capabilities
“Are you able to…” DVPRS pain intensity items for average and worst pain involved
recall over the past 7 days. PASTOR incorporates CAT to improve the accuracy of
response options tailored to respondents through sophisticated algorithms presenting
only individual-specific relevant items based on previous responses, thus also reducing
item burden.27,28
PROMIS measures are scientifically sound, efficient, and flexible,28 with robust
evidence to support acceptable psychometric properties with general populations and
diverse clinical samples.13,29-33 A validation study of PASTOR with a military population
treated in an IPMC further established reliability and validity for PROMIS measures.13
Similarly, the DVPRS 0 – 10 numeric rating scale with word anchors, color coding, and
facial representations of pain has undergone a series of rigorous psychometric testing
with military and veteran samples in inpatient and outpatient settings.9,34,35 (See Figure
1)
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PROMIS Pain Interference can be defined as “pain that limits or interferes with
individuals’ physical, mental and social activities.”23 This includes distress,
discouragement, and memory impairment that extend beyond physical functioning.23 As
with other PROMIS measures, Pain Interference item responses are recalled over the
past 7 days.23 PROMIS contains three broad domains of Physical, Mental, and Social
Health.10 Within the domain of Physical Health this study examined: (1) Physical
Function items, which assess one’s physical capability to carry out a wide range of
physical activities from self-care to endurance and strength activities,10,36-38 (2) Fatigue
items, which assess an overwhelming sense of exhaustion that inhibits one’s ability to
engage in self-care activities, work or usual social roles;10 and (3) Sleep-Related
Impairment items, which assess functional impairment, decreased alertness, or
tiredness associated with sleep during usual waking hours.10 The Mental Health domain
is represented by: (1) Depression items, which assess negative cognitions and views of
self, and feelings of loneliness and isolation;10 (2) Anxiety items, which assess feelings
of fearfulness, worry, hyperarousal, panic, and somatic symptoms;10 and (3) Anger
items, which assess angry mood, negative thoughts, verbal aggression, and anger
management.10 The Social Health domain focused on Satisfaction with Social Roles
items, which assess one’s sense of satisfaction or happiness with participation in life’s
activities, one’s usual social role, and ability to relate within family, work, or overall social
environment.10
Item responses for PROMIS measures include categorical Likert scales. Scores for
response options for each measure were converted to an overall T-score (continuous
level data with mean of 50 and standard deviation of 10). The interpretation of PROMIS
measures is dependent on the nature of the concept and whether items representing the
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concept are worded positively or negatively. A higher T-score consistently indicates
more of the concept being measured. For a positively worded PROMIS measure such as
Physical Function, a positive change in scores over time signifies an improvement
(greater physical function), whereas for a negatively worded measure such as Fatigue, a
negative change signifies an improvement (less fatigue). PROMIS measures that are
negatively worded include: Pain Interference, Fatigue, Depression, Anger, Anxiety, and
Sleep-related Impairment, while Physical Function is positively worded.39
Statistical Analysis
Data analyses were performed using IBM SPSS Statistical software version 24.0
(Armonk, New York). ANOVA and Chi-squared was used to test differences between
sample characteristics (e.g., gender, level of education, marital status, military status,
rank, branch of service, and whether or not pain limited the number of hours worked per
week) from the 190 patients completing at least three PASTOR assessments targeted
for this study versus the 450 patients with fewer than three assessments. To describe
patterns of change over time in pain intensity, pain interference, physical function,
fatigue, sleep-related impairment, depression, anxiety, and anger in AD military (N =
190) (Aim 1), percent change was calculated for all eight variables between the first
assessment (A1) and the third assessment (A3). For each patient, DVPRS average pain
intensity score from A1 was subtracted from A3, then divided by the A1 score and
multiplied by 100: [(DVPRS A3 score – DVPRS A1 score)/(DVPRS A1 score) * 100)].
Similarly, for each PASTOR PROMIS measure, PROMIS T-scores from A1 were
subtracted from A3 then divided by A1 scores and multiplied by 100: [(T-score A3 – Tscore A1)/(T-score A1) * 100)]. The scores generated by the above formula were used
for three separate correlation matrices. The matrices were constructed using Pearson’s
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Product Moment correlation coefficient (r) to examine the magnitude of associations for
percent change between A1 and A3 for: DVPRS pain intensity (average and worst) and
PROMIS Pain Interference, and the six PROMIS measures (Physical Function, Fatigue,
Sleep-related Impairment, Depression, Anxiety, and Anger)
Multilevel models (MLM) are appropriate for analyses of repeated measures,22,40,41
which was required for this dataset. Each of the 190 participants has at least three
repeated measures, and all the data points are not independent. Observations within a
subject are correlated, and MLM allows for a regression analysis adjusting for that
correlation. Discounting the need to adjust for correlation would under/overestimate the
standard error.42 MLM can also address uneven intervals in repeated measures,22 and
allow for the inclusion of all participants, even those with missing data,43 both of which
were evident in this dataset. For the purpose of analyses, missing data are accounted
for in the overall linear trend.43,44
Analysis for Aim 2 examined the effects of pain intensity and pain interference over
time on satisfaction with social roles, controlling for physical function, fatigue, sleeprelated impairment, depression, anxiety, and anger. Three multilevel models were
constructed to predict satisfaction with social roles, two separate models based on
average and worst pain intensity, and one model based on pain interference. Mixed
effects modeling with repeated measures at ≥ 3 time points (which included time-varying
covariates) was used to test changes over time in satisfaction with social roles T-scores.
Fixed effects are reported for physical function, fatigue, sleep-related impairment,
depression, anxiety, anger, and time. The random effect was the intercepts, which is the
magnitude of between person differences on the intercept (at baseline), and the random
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error was the residuals (i.e., intra-individual variability) unique to each individual for
satisfaction with social roles.

RESULTS
Sample Characteristics
The following descriptive statistics are reported as valid percents based on the number
of participants that answered a specific demographic question, as not all participants
answered every demographic question. The 190 participants in the sample consisted of
16% women (n = 31) and 84% men (n = 159). The 190 eligible sample participants had
a mean age of 35.06 years (SD = 8.62). A majority of the sample population reported
being AD (96%, n = 178); serving in the U.S. Army (93%, n = 170); and being enlisted
(86%, n = 157). Seventy-five percent (n = 141) of the sample reported being married.
Most of the sample reported having some college or technical degree (54%, n = 102),
with fewer having a college degree (15%, n = 29) or an advanced degree (9%, n = 16).
Fifty-seven percent (n = 108) of respondents stated that their pain limits the number of
hours they can work per week. Fifty-six percent of the patients reported their injury as
pre-, during or post-deployment related at 11% (n = 21), 37% (n = 69), and 8% (n = 14),
respectively.
To assess whether the 190 patients in this analysis were an unbiased representation
of the full sample, a comparison of the 450 excluded patients was compared to the 190
eligible patients. The analysis showed that the 190 patients analyzed in this study were
similar to the excluded 450 patients. ANOVA was performed and found that there was
no statistically significant difference in age between the two groups F (1, 638) = 2.21, P
= 0.138, η2 = 0.003 (excluded patients’ mean age 36.43 years; SD = 11.47; median 34).
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A Chi-squared test for independence was conducted to compare sociodemographic
variables from the 450 excluded in the original sample to the 190 included in this study.
There was no significant difference between groups for gender, education, rank, number
of hours pain limited ability to work per day, and when injury occurred in relation to
deployment. Statistically significant differences were evident for military status (χ2 (4) =
24.412, P < .001) and branch of service (χ2 (5) = 11.320, P = 0.045), which may be due
to the large percentage of AD Army personnel in the original dataset.
Percent Change and Correlations
All patients in this analysis (N = 190) had at least three assessments; however, 158
participants had three consecutive assessments and 32 had nonconsecutive
assessments. These 32 participants either had an incomplete assessment or an
assessment within 2 weeks of the prior assessment, requiring inclusion of the next
completed assessment. ANOVAs were conducted to compare the means of the two
groups (n = 158 and n = 32) at each of the three assessment time points for all nine
outcomes (average and worst pain, pain interference, physical function, fatigue, sleeprelated impairment, depression, anger, and anxiety) (27 comparisons). A Bonferroni
correction was made to address inflated Type I error rate. Using a conservative
experiment–wise alpha level of 0.05, the per comparison alpha was set at 0.002
(0.05/27). No statistically significant differences were observed between the two groups
for any of the comparisons. Descriptive data for PASTOR measures including T-Scores
are presented in Tables 1 and 2.
When evaluating percent change from assessment one to assessment three there is
an improvement in all outcomes except depression, where there was a worsening over
time (Table 3). Correlation coefficients between percent change from assessment one to
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assessment three for average pain and the six PROMIS measures (physical function,
fatigue, sleep-related impairment, depression, anxiety, and anger) and worst pain and
pain interference with the six PROMIS measures appear in Tables 4, 5, and 6. For
average pain, percent change in mean T-Scores was negatively correlated with physical
function (r = -0.342, P < 0.001) (i.e., improvement in pain intensity was associated with
improvement in physical function), and positively correlated with fatigue (r = 0.195, P =
0.011), sleep-related impairment (r = 0.187, P = 0.015), and anger (r = 0.166, P =
0.031). No significant correlations were noted for depression or anxiety (Table 4). For
worst pain, percent change was negatively correlated with physical function (r = -0.369,
P < 0.001) and positively correlated with sleep-related impairment (r = 0.183, P = 0.018).
No significant correlations were observed for depression, fatigue, anxiety, or anger
(Table 5). For pain interference, percent change was negatively correlated with physical
function (r = -0.612, P < 0.001) and positively correlated with fatigue (r = 0.364, P <
0.001), sleep-related impairment (r = 0.338, P < 0.001), depression (r = .303, P < 0.001),
and anxiety (r = .157, P < 0.001); it was not statistically significant for anger (r = 0.053, P
= 0.482) (Table 6). Correlations of percent change were also conducted for average
pain, worst pain, and pain interference: average pain and worst pain (r = 0.381, P <
0.001); average pain and pain interference (r = .429, P < 0.001); worst pain and pain
interference (r = .412, P < .001).
Minimally Important Difference
The effects of clinically meaningful changes in PROMIS measures were assessed using
minimally important differences (MIDs) in T-scores from assessment one to assessment
three. A MID T-score change has been established for each of the PROMIS measures
used in this study and range from 3.75 to 5 points.12 Table 7 reports the percent of
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patients with available data who reached or exceeded a MID in either direction over time
indicating an improvement or worsening of the PROMIS outcome. The greatest
improvement based on the MID occurred with anxiety where 36.9% (n = 65) of the
sample (N = 176) had a 3.75 or higher point difference in T-scores. Depression had the
highest percent of patients worsening over time, 30.1% (n = 53).
Multilevel Modeling
Three separate MLMs tested the effects of (1) average pain, (2) worst pain and (3) pain
interference on satisfaction with social roles, controlling for time and the six covariates
(physical function, fatigue, sleep-related impairment, depression, anxiety, and anger).
Table 8 reports the regression coefficients, variance components, and Akaike’s
Information Criterion (AIC) and Schwartz’s Bayesian Criterion (BIC) for each model. AIC
and BIC are reported to compare the sequence of models; the lower the number the
better the model fit.45 The intraclass correlation coefficient (ICC) captures the percent of
variance attributable to between-individual differences on the intercepts.22 Overall results
of the analysis show that an increase in average or worst pain intensity or pain
interference is associated with a decrease in satisfaction with social role (P < 0.001). A
one-unit increase on average and worst pain intensity is associated with a decrease of
.69 and .61 respectively in satisfaction with social role T-score. A one-unit increase in
pain interference T-Score is associated with a decrease of .28 in satisfaction with social
role T-score.

DISCUSSION
The study analyzed the relationships among change in pain intensity, pain Interference
and physical and mental health domains over time. Changes in pain intensity scores and
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pain interference scores were also examined for an association with changes in
satisfaction with social roles controlling for relevant PROMIS covariates. The sample
was mostly male, AD, Army personnel with a mean age of 35.06 years. Data were
gathered over 10 months and all patients included in this sample completed at least
three PASTOR assessments.
In a sample of 190 patients, our analysis of percent change from assessment one to
assessment three demonstrated trends in improvement for pain intensity, pain
interference, physical function, fatigue, sleep-related impairment, anxiety, and anger.
However, this was not the case for depression, as the direction for percent change
indicated a higher level of depression over time. These findings are supported by
previous research, which suggests pain influences physical, mental, and social states,
and changes do not occur in isolation.19-21,25,46-48 Young-McCaughan et al. 2017
conducted a descriptive study of 130 U.S. Army service members with extremity trauma
and found co-occurrence of pain, sleep disturbance, depression, and anxiety.
Additionally, in a study of 564 veterans, Lombardo et al. 2005, found a positive
association between pain severity and maladaptive anger management. Further, a
separate study of 225 veterans, found depression, pain and sleep disturbance were all
associated with a history of military mild traumatic brain injury.15 For this study, as
measured on the DVPRS pain intensity scale, the percent change was larger for
average pain, with a decrease of 5%, than for worst pain, which decreased 2%.
However, the findings suggest a worsening in depression of 1.5%, which is consistent
with findings from an earlier study of PASTOR data.
In a study of 343 patients who completed a baseline and at least one follow-up
PASTOR assessment, Flynn et al. reported a worsening of emotional states, including
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depression, which may be due to a lack of perceived progress despite possible
improvement in objective functional measures.12 Further, correlations among percent
change showed that changes in the levels of pain intensity and pain interference are
associated with percent changes in other biopsychosocial outcomes of pain. The
strongest associations in this study were between pain intensity and pain interference,
and physical function. In addition to physical function, improvement in pain interference
is correlated with an improvement in fatigue, sleep-related impairment, and anxiety.
Combined, these findings support other studies suggesting pain intensity and chronic
pain interfere with functioning, and pain outcomes should be viewed through a
biopsychosocial lens.19,47,49
In clinical practice and research, there is value in assessing minimally important
differences (MIDs) for PROMIS measures to determine individual patients who improve
or worsen over time based on established MID T-score point changes. It was possible to
document a range of 16.4% to 36.9% of patients showing a MID for improvement in
PROMIS measures over time and 9% to 30.1% of patients having worse outcomes.
Flynn et al. advocate for using MID as it is clinically meaningful in gauging patient
responses to pain treatments and conducting a responder analysis.12
When controlling for other relevant covariates, an increase in pain intensity (average
and worst) and pain interference was significantly associated with a decrease in
satisfaction with social roles. Recognizing social role satisfaction incorporates family,
working, and social relationships,19,20,21 other studies confirm that pain disrupts the ability
to maintain existing, or develop new personal and professional relationships.20 This is
further complicated by the potential for pain patients to withdraw from social experiences
as an avoidance of being misunderstood or rejected by others.21 In the work
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environment, it can lead to feelings of inadequacy.19 From an occupational standpoint,
the patient perception that work roles may be diminished aligns with research
surrounding pain, its demand for attention, and how it interrupts thought and behavior
required for decision making and completion of tasks.50 A study conducted by Cook et al.
using a larger PASTOR dataset that included 681 respondents reported low levels of
social functioning in the military pain population.13 These authors concluded that more
robust measures of social role may be required to further differentiate these low levels of
social satisfaction.13 They also acknowledge that the ability to detect the effectiveness of
pain treatments using PASTOR may be dependent on expanding measures to include
pain catastrophizing, pain acceptance and patient activation. As more experience with
PASTOR is acquired, the value of incorporating other measures can be assessed.
Limitations
We acknowledge several limitations of this study. Although we had three or more
assessments for the longitudinal analysis, the 10-month time frame restricted the
number of patients eligible to be included in the study, and limited the amount of data
points collected. However, data collection with PASTOR continues, fortifying a more
expansive database for further longitudinal research. Another limitation is the variability
among individuals in length of time between assessments, and the length of time
receiving specialty pain care which may have implications for understanding
relationships between pain factors and outcomes. Additionally, this sample was drawn
from an IPMC; therefore, the results may not generalize to patients with lower levels of
pain who are not seeking specialized pain care. The vast majority of study participants
consisted of Army personnel, which may limit generalizability of findings to other military
populations. The lack of statistical significance in some of our findings may be due to
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current PASTOR measures not being sensitive enough to detect therapeutic benefit.12
Finally, we were not able to examine other factors, such as physical environment,
current medications, or comorbidities, which may have influenced PASTOR outcomes.

CONCLUSION
Our findings contribute to the body of evidence supporting the use of DVPRS and
PROMIS measures in a military pain population. In this sample of patients receiving care
at a pain center, there was an improvement over time in all outcomes, with the exception
of depression. Further, the strongest association for percent change was found between
pain intensity and pain interference, and physical function; an increase in pain intensity
or pain interference was associated with a decrease in physical function. Recognizing
that outcomes are interrelated, improvement in pain management and, thus, physical
function, may lead to improvement in other pain-related outcomes. Further, an increase
in pain intensity or pain interference was associated with a decrease in satisfaction with
social roles. It will be of interest to have a more focused study on social role satisfaction
to further delineate affected areas. Finally, the findings from our study support the need
for a biopsychosocial approach to pain care and illustrate the value of PASTOR as a
powerful tool for pain assessment and research efforts in a military population.
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Figure 1 Defense and Veterans Pain Rating Scale
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Table 1 Descriptive data for PASTOR PROMIS measures by assessment
PASTOR
PROMIS
Measures

Assessment 1
n
Mean

Assessment 2

Assessment 3

Assessment 4

Assessment 5

n Mean

SD
(T-Score
Range)

n
Mean

SD
(T-Score
Range)

n
Mean

SD
(T-Score
Range)

n
Mean

SD
(T-Score
Range)

173
39.87

5.47
24.67-61.04

177
39.98

6.21
20.03-67.74

97
39.63

6.07
26.84-65.58

46
40.79

7.70
23.47-61.26

9.23
34.29-79.51

173
58.55

8.49
29.11-79.51

177
57.98

8.96
29.11-79.51

97
58.23

9.39
29.11-76.03

46
55.99

10.91
29.11-74.31

8.30
30.30-77.08

173
60.57

8.61
35.72-79.61

177
59.68

9.06
30.30-79.61

97
59.41

10.43
30.30-79.61

46
57.43

10.42
34.45-77.08

9.55
35.88-76.48

171
51.82

9.98
35.88-78.05

176
52.07

10.08
35.88-80.69

96
52.11

9.28
35.88-78.05

46
51.30

10.64
35.88-69.45

9.15
35.37-76.19

171
56.04

10.15
35.37-76.24

176
55.25

10.32
35.37-84.30

95
56.18

9.72
35.37-75.26

46
54.38

11.01
35.37-82.32

10.82
30.97-81.96

171
55.37

10.69
30.97-79.95

176
54.33

11.23
30.97-81.96

95
54.63

11.53
30.97-81.96

46
51.77

13.04
30.97-78.20

5.10
46.78-77.78

173
63.12

5.34
39.65-77.78

177
62.83

6.20
39.65-80.96

98
62.47

6.42
39.65-76.27

46
61.57

7.29
39.65-77.78

6.80
27.39-65.93

169
39.61

6.37
27.39-65.93

176
39.43

6.87
27.39-65.93

94
40.38

6.33
27.39-51.58

46
40.14

8.84
27.39-65.93

SD
(T-Score Range)

Physical Function
189
39.98

5.84
24.67-61.04

Fatigue
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189
58.39
Sleep-related Impairment
189
60.30
Depression
189
51.40
Anxiety
189
56.04
Anger
189
55.45
Pain
Interference
189
64.30
Social Role
Satisfaction
189
39.61

PASTOR
PROMIS
Measures

Assessment 6*

Assessment 7*

Assessment 8*

n
Mean

SD
(T-Score Range)

n Mean

SD
(T-Score Range)

n
Mean

SD
(T-Score Range)

16
38.42

4.22
32.06-49.05

7
40.50

4.26
35.56-47.64

2
46.11

5.66
42.12-50.11

16
61.75
Sleep-related Impairment
16
59.62
Depression
16
53.53
Anxiety
16
58.56
Anger
16
56.89
Pain
Interference
16
64.81
Social Role
Satisfaction
16
37.19

7.37
42.49-73.94

7
59.23

9.89
47.25-73.94

2
53.26

15.23
42.49-64.04

9.90
45.84-79.61

7
60.07

6.71
54.31-68.62

2
56.54

15.13
45.84-67.24

10.87
35.88-71.37

7
49.35

9.90
35.88-66.48

2
48.22

17.45
35.88-60.56

11.38
35.37-76.24

7
52.86

7.67
40.16-65.57

2
52.79

24.64
35.37-70.21

11.43
34.15-78.20

7
48.04

12.11
30.97-61.20

2
44.39

14.48
34.15-54.62

6.53
48.79-75.29

7
63.34

5.21
54.56-69.37

2
59.78

9.12
53.33-66.23

4.72
27.39-44.68

7
36.96

6.56
27.69-44.68

2
41.10

4.06
38.24-43.97

Physical Function

Fatigue
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* Sample sizes are ≤ 16

Table 2 Descriptive statistics for DVPRS average pain intensity by assessment
n
valid
(N = 190)

Mean (SD)

Range

Assessment 1

186

5.80 (1.43)

2 - 10

Assessment 2

173

5.45 (1.44)

2-9

Assessment 3

174

5.32 (1.73)

1 - 10

Assessment 4

100

5.17 (1.76)

0-9

Assessment 5

46

5.09 (2.00)

0-9

Assessment 6*

16

5.25 (1.29)

2 -7

Assessment 7*

7

5.29 (1.98)

2-8

Assessment 8*

2

3.00 (1.41)

2-4

Assessment
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*Sample sizes are ≤ 16; SD = standard deviation

Table 3 Descriptive data for percent difference between assessment one and assessment three
PASTOR PROMIS
Measures

n
valid
(N = 190)

Mean (SD)

Range

177

1.03 (12.49)

-27.06 – 55.70

177

-.14 (14.36)

-45.56 – 46.00

177

-.51 (14.85)

-44.61 – 54.13

176

1.48 (15.08)

-35.48 – 58.38

176

-1.35 (14.28)

-44.17 – 64.78

176

-1.03 (16.84)

-40.70 – 76.84

177

-1.97 (8.41)

-34.29 – 28.22

171

-5.12 (32.16)

-83.33 – 150.00

169

-2.15 (36.12)

-83.33 – 300.00

Physical Function*
Fatigue**
Sleep-related Impairment**
Depression**
Anxiety**
Anger**
Pain Interference***
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DVPRS average pain***
DVPRS worst pain***

SD = standard deviation; Missing data ranged from 13 to 21
* PROMIS Physical Function is a positively worded measure, therefore, a positive change in scores over time represents an improvement (i.e., greater
physical function)
** PROMIS Fatigue, Sleep-related Impairment, Depression, Anxiety, Anger are negatively worded, therefore, a negative change over time represents an
improvement (i.e., less fatigue, less sleep related impairment etc.)
*** A negative change in scores represents an improvement

Table 4 Correlation matrix of percent change for DVPRS average pain intensity (over
the past 7 days) and PROMIS measures
DVPRS
Average
Pain

Physical
function

Fatigue

Sleeprelated
Depression
impairment

Anxiety Anger

DVPRS
Average
pain
Physical
Function

-.342***
(.000)

Fatigue

.195**
(.011)

-.218**
(.004)

SleepRelated
Impairment

.187*
(.015)

-.282***
(.000)

.553***
(.000)

Depression

.025
(.749)

-.165*
(.029)

.402***
(.000)

.430***
(.000)

Anxiety

.080
(.304)

-.168*
(.025)

.188**
(.012)

.258***
(.001)

.579***
(.000)

Anger

.166*
(.031)

-.006
(.935)

.288***
(.000)

.299***
(.000)

.440***
(.000)

.548***
(.000)

Two tailed significance * ≤ 0.05 ** ≤ 0.01 *** ≤ 0.001
A correlation coefficient of .10 is considered small; a correlation coefficient of .30 is
considered moderate; and a correlation coefficient of .50 or larger is considered large.
Cohen, J. Statistical power analysis for the behavioral sciences (2nd ed.). New Jersey:
Lawrence Erlbaum Associates; 1988.
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Table 5 Correlation matrix of percent change for DVPRS worst pain intensity (over the
past 7 days) and PROMIS measures
DVPRS
Physical
Worst pain function

Fatigue

Sleeprelated
Depression Anxiety Anger
impairment

DVPRS
Worst pain
Physical
Function

-.369***
(.000)

Fatigue

.136
(.079)

-.218**
(.004)

SleepRelated
Impairment

.183*
(.018)

-.282***
(.000)

.553***
(.000)

Depression

.047
(.546)

-.165*
(.029)

.402***
(.000)

.430***
(.000)

Anxiety

.114
(.143)

-.168*
(.025)

.188**
(.012)

.258***
(.001)

.579***
(.000)

Anger

.037
(.636)

-.006
(.935)

.288***
(.000)

.299***
(.000)

.440***
(.000)

.548***
(.000)

Two tailed significance * ≤ 0.05 ** ≤ 0.01 *** ≤ 0.001
A correlation coefficient of .10 is considered small; a correlation coefficient of .30 is
considered moderate; and a correlation coefficient of .50 or larger is considered large.
Cohen, J. Statistical power analysis for the behavioral sciences (2nd ed.). New Jersey:
Lawrence Erlbaum Associates; 1988.
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Table 6 Correlation matrix of percent change for PROMIS Pain Interference (over the
past 7 days) and PROMIS measures
Pain
Physical
Interference function

Fatigue

Sleeprelated
Depression Anxiety Anger
impairment

Pain
Interference
Physical
Function

-.612***
(.000)

Fatigue

.364***
(.000)

-.218**
(.004)

SleepRelated
Impairment

.338***
(.000)

-.282***
(.000)

.553***
(.000)

Depression

.303***
(.000)

-.165*
(.029)

.402***
(.000)

.430***
(.000)

Anxiety

.157*
(.037)

-.168*
(.025)

.188**
(.012)

.258***
(.001)

.579***
(.000)

Anger

.053
(.482)

-.006
(.935)

.288***
(.000)

.299***
(.000)

.440***
(.000)

.548***
(.000)

Two tailed significance * ≤ 0.05 ** ≤ 0.01 *** ≤ 0.001
A correlation coefficient of .10 is considered small; a correlation coefficient of .30 is
considered moderate; and a correlation coefficient of .50 or larger is considered large.
Cohen, J. Statistical power analysis for the behavioral sciences (2nd ed.). New Jersey:
Lawrence Erlbaum Associates; 1988.
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Table 7 Minimum important differences (MIDs) from assessment one to assessment three
PASTOR PROMIS
Measures

N
valid
(missing)

MID
T-Score Change
(Points)*

Percent with MID
T-Score Change
(Improvement)**

Percent with MID TScore Change
(Worsening)**

177 (13)

5

16.4% (n = 29)

16.9% (n = 30)

177 (13)

4

30.5% (n = 54)

26.6% (n = 47)

177 (13)

5

24.3% (n = 43)

20.9% (n = 37)

176 (14)

3.75

26.1% (n = 46)

30.1% (n = 53)

176 (14)

3.75

36.9% (n = 65)

21.0% (n = 36)

176 (14)

5

30.1% (n = 53)

19.3% (n = 34)

177 (13)

5

20.3% (n = 36)

9.0% (n = 16)

176 (14)

5

18.2% (n = 32)

18.7% (n = 33)

Physical Function
Fatigue
Sleep-related Impairment
Depression
Anxiety
Anger
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Pain Interference
Satisfaction with Social Role

* Flynn DM, Cook K, Kallen M, et al. Use of the Pain Assessment Screening Tool and Outcomes Registry in an Army interdisciplinary pain management
center, Lessons learned and future implications of a 10-month beta test. Mil Med. 2017;182(3-4)(suppl):167-174
** At or exceeds the MID T-score change threshold

Table 8 Multilevel Models for DVPRS average pain intensity, DVPRS worst pain intensity, and PROMIS Pain Interference on
Satisfaction with Social Roles
Pain Intensity: Average pain
Fixed Effects

Coefficient (SE)

Pain Intensity: Worst Pain
P value

Intercept

38.2 (3.60)

<.001

Fixed Effects

Coefficient (SE)

Pain Interference
P value

Intercept

38.91 (3.60)

<.001

Fixed Effects

Coefficient (SE)

P value

Intercept

52.67 (5.04)

<.001

Time

-.003 (.123)

=.981

Time

-.02 (.12)

=.879

Time

-.08 (.12)

=.534

Depression

-.08 (.04)

=.033

Depression

-.07 (.04)

=.080

Depression

-.05 (.04)

=.160

Anger

.06 (.03)

=.039

Anger

.05 (.03)

=.127

Anger

.04 (.03)

=.142

Fatigue

-.09 (.04)

=.015

Fatigue

-.10 (.04)

=.005

Fatigue

-.07 (.04)

=.046

Physical Function

.38 (.05)

<.001

Physical Function

.38 (.05)

<.001

.31 (.05)

<.001

Sleep-related
impairment
Anxiety

-.05 (.03)

=.117

-.06 (.03)

=.074

-.05 (.03)

=.153

-.02 (.04)

=.672

Sleep-related
impairment
Anxiety

.003 (.04)

=.919

Physical
Function
Sleep-related
impairment
Anxiety

-.00 (.04)

=.991

Average Pain

-.69 (.16)

<.001

Worst Pain

-.61 (.15)

<.001

-.28 (.06)

<.001
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Random Effects

Random Effects

Pain
Interference
Random Effects

residual

16.45 (1.05)

<.001

residual

16.68 (1.07)

<.001

residual

16.50 (1.05)

<.001

intercept

11.10 (1.72)

<.001

intercept

10.79 (1.67)

<.001

intercept

10.73 (1.66)

<.001

ICC

0.40

ICC

0.39

ICC

0.39

AIC

4158.46

AIC

4156.97

AIC

4204.74

BIC

4167.51

BIC

4166.02

BIC

4213.81

Dependent Variable: Satisfaction with Social Roles
SE = standard error; ICC = intraclass correlation; AIC = Akaike’s information criterion; BIC = Schwartz’s Bayesian criterion

CHAPTER FIVE
DISCUSSION AND CONCLUSIONS
Pain is a major public health problem in the United States (U.S.) affecting an estimated
100 million adults, with an annual cost of between $560 billion and $635 billion due to
medical expenses and lost productivity annually.1 The U.S. military population is also
afflicted by acute and chronic pain due in part to the demands of military duties.1,2
Optimal pain relief is essential as unrelieved pain can result in changes in the peripheral
and central nervous system, leading to chronic pain states, protracted treatment, and
delays in return to optimal functioning.3 Pain encompasses a broad spectrum of issues
and there is evidence that military members in pain may have impaired physical
functioning,4 depression,5 sleep-related impairment,5,6 generalized anxiety,7 and anger.8
Addressing pain in the military population includes appreciating and understanding painrelated physical, mental, and social health outcomes, which will assist in providing pain
relief and return to optimal functioning.
In 2009, the U.S. Army formed the Pain Management Task Force to examine pain
practices and develop a comprehensive pain management strategy.9,10 One of its
recommendations was the development of a comprehensive electronic patient
assessment screen and registry that could be used to improve clinical care and capture
data to inform best practices. The Pain Assessment Screening Tool and Outcomes
Registry (PASTOR) was developed, which incorporates the Defense and Veterans Pain
Rating Scale (DVPRS), the National Institutes of Health (NIH) Patient Reported
Outcomes and Measurement System (PROMIS®) measures, and other relevant
demographic and pain-related information.10 By providing an innovative platform for
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collecting pain-related information, PASTOR serves as a large database that can be
used in clinical practice and research to expand pain-related symptom science.
Information about military members’ experience with pain has been limited. To fill this
gap, the primary objective of this dissertation study was to address the impact of pain on
military personnel and identify potential pain-related physical, mental, and social health
outcomes in active duty service members. This was accomplished through an integrative
review, a longitudinal descriptive-comparative analysis of pain and pain-related patientreported outcomes from an existing military health facility database, and a descriptivecorrelational analysis of these same data. Multi-level modeling, with repeated measures
for at least three time points, was utilized to describe and test changes over time.
Overall Goals
This dissertation study accomplished the following objectives: (1) explore the available
literature to examine musculoskeletal pain and headache in the active duty military;( 2)
utilize longitudinal data to compare pain-related outcomes over time for those who
screen positive for neuropathic pain and those who screen negative for neuropathic
pain; (3) describe the patterns of change over time in pain intensity, the pain
interference, physical function, fatigue, sleep-related impairment, depression, anxiety,
and anger; and (4) examine the effects of pain intensity and pain interference over time
on satisfaction with social roles controlling for specific pain-related outcomes.
The integrative review (Chapter 2) illuminated the prevalence and incidence of pain
from musculoskeletal condition and headache and described risk factors for pain in
military service members. Chapters 3 and 4 included secondary analyses of PASTOR
data collected from military pain patients in an Interdisciplinary Pain Management
Center. Chapter 3 revealed that military service members with neuropathic pain may
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have more sleep-related impairment over time and identified relevant literature that
emphasized the importance of improving sleep in this population. Chapter 4 detailed
patterns of improvement in pain-related areas over time and described a relationship
between pain intensity and pain interference and satisfaction with social roles. The
combined results highlight the significance of effective pain management in the military
population and add to the body of knowledge supporting a biopsychosocial approach to
pain care.
Major Findings: Magnitude of Pain in Military Population (Chapter 2)
The demands placed on military members in both the combat and noncombat
environments can lead to service-related injuries and pain. These injuries can range
from polytrauma, incurred in combat, to overuse injuries sustained in training. While
precise estimates for military members experiencing pain are unclear, it is apparent from
recent data that many are receiving treatment for pain. In a study conducted on U.S.
Army active duty soldiers in 2017, Walker et al. found a rise in soldiers receiving
nonsteroidal anti-inflammatory drugs (NSAIDs) prescriptions from 2006 (69%) to 2014
(82%), which may be attributed to the high incidence of musculoskeletal injuries in the
military.11 A decrease in opioid prescribing in the Military Health System was reported
after 2011; however, 1,516,979 active duty service members filled 7,119,945 opioid
prescriptions between 2006 and 2014 in military treatment facilities or TRICARE.12
Adding to the complexity of pain in active duty military and veterans are pain-related
physical, mental, and social health outcomes, such as sleep problems, fatigue,
depression, anxiety, anger and posttraumatic stress disorder (PTSD).4,7,13
Findings from the integrative review demonstrated that the rate of pain in military
populations is affected by training and deployments. Inflammation and pain due to
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overuse injuries accounted for 82% of all injuries among nondeployed personnel.14 The
overall incidence of low back pain among active duty members was comparable to
nonmilitary populations;15 however, within the military, the incidence of low back pain for
active duty vehicle operators was greater than for nonvehicle operator occupations.16
Also, the amount of time wearing interceptor body armor was associated with general
musculoskeletal pain.17 Moreover, the risk of developing musculoskeletal pain was
greater for active duty,18 female,15,18 Army, and enlisted personnel.15 In addition to
musculoskeletal pain, headaches are a common and debilitating source of pain.
Evidence suggests posttraumatic headache, occurring in up to 92% of military personnel
who have sustained a mild traumatic brain injury,19 is associated with chronic daily
headaches, defined as 15 more headaches a month.20 Active duty members are subject
to risk factors for headaches beyond those found in the general population.21-23
The burden of pain is ever present in the military due to the physical and mental
demands placed on service members. Recognizing musculoskeletal pain and headache
as common active duty-related pain can assist in early intervention and potentially
prevent persistent or chronic pain. An appreciation for the complexities of pain in this
population is vital to effective treatment and return to optimal functioning.
Major Findings: Neuropathic Pain and Sleep-related impairment (Chapter 3)
According to the International Association for the Study of Pain, neuropathic pain is “pain
caused by a lesion or disease of the somatosensory system.”24 The incidence and
prevalence of neuropathic pain has not been widely studied in the military population,
but recent estimates place neuropathic pain prevalence at 10% in the U.S. population.25
Active duty personnel are at risk for developing pain from service-related injuries.14,15,26
As noted in the integrative review, military population rates of low back pain are similar
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to those in the civilian population,15 and since 37% of the civilian population with low
back pain also have neuropathic pain,27 it is reasonable to assume neuropathic pain is
relatively common in military personnel with low back pain. Further, challenging
neuropathic pain conditions can result from injuries such as blast, burns, or blunt trauma,
and amputations from major limb trauma which may occur in the combat environment.
Studies in military and veteran populations show pain-related impairment in physical,
and mental health outcomes.4-8 In an effort to improve the physical and mental health of
our military personnel, it is imperative to identify correlates of pain. Ideally, point-of-care
collection of pain-related biopsychosocial patient-reported outcomes would accomplish
this and would be useful to guide and evaluate pain interventions.
In this aim, the relationship between neuropathic pain and sleep-related impairment
was examined. This secondary analysis of longitudinal pain data, consisted of 190
patients with three or more assessments per patient. Data were extracted from a larger
PASTOR database of 640 patients and included, neuropathic pain scores, DVPRS pain
intensity for average pain ratings, and PROMIS Pain Interference, Physical Function,
Fatigue, Sleep-related Impairment, Depression, Anxiety, and Anger measures. The
PROMIS Neuropathic Pain Quality Scale (PROMIS PQ-Neuro) requests responses on a
scale of 1 (not at all) to 5 (very much), and contains items that capture neuropathic pain
sensory components (i.e., pins and needles, tingly, stinging, electrical, and numb) within
the past 7 days.28 PROMIS PQ-Neuro is termed PROMIS Neuropathic Pain Scale in
PASTOR. Based on PROMIS PQ-Neuro studies conducted by Askew et al. T-score
thresholds of 50 and 57 were utilized as cutoff points for NP in this analysis.28
Separate mixed effects models were tested to compare each of the six PROMIS
measures including Physical Function, Fatigue, Sleep-related Impairment, Depression,
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Anxiety, and Anger over time between patients with and without neuropathic pain at the
T-score thresholds of 50 and 57. Regardless of the presence of neuropathic pain,
patients showed statistically significant improvement in fatigue, sleep-related impairment
and anger over time. However, there was a significant cross-level interaction effect
between time and neuropathic pain (T-score threshold ≥ 57) for sleep-related impairment
(P < 0.05), with sleep-related impairment worsening over time for those with neuropathic
pain. Addressing sleep-related impairment may improve other pain-related outcomes as
these are often interrelated.29 Additional outcomes showed a trend toward improvement,
such as physical function and anxiety, and although not statistically significant, support
the notion that changes in domains of physical and mental health do not occur in
isolation.29
Major Findings: Patterns of change over time in pain and pain-related outcomes
(Chapter 4)
A descriptive-correlational design assessed patterns of change over time in pain and
pain-related outcomes. As described above, the data for 190 patients, with three or more
assessments per patient, were extracted from a larger PASTOR database. The data for
this analysis included, DVPRS pain intensity for average and worst pain, and PROMIS
Pain Interference, Physical Function, Fatigue, Sleep-related Impairment, Depression,
Anxiety, and Anger measures. Percent change from assessment one to assessment
three was calculated for each variable. The results revealed trends for improvement from
assessment one to assessment three in all pain intensity and all PROMIS physical,
mental, and social health domains with the exception of depression. The worsening of
depression is consistent with a separate PASTOR study in which the authors found a
worsening of emotional states.30 The authors of the earlier study postulated that
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worsening of emotional states may be due to a lack of patient-perceived progress and
stressed the importance of including objective functional measures so patients may be
shown evidence of functional improvement before they perceive it.30
The percent change over time in physical function had the largest correlation with
change in average pain, worst pain, and pain interference. As pain intensity and pain
Interference increased, physical function decreased. An increase in average pain
intensity was associated with an increase in fatigue and sleep-related impairment.
However, an increase in worst pain intensity was only associated with an increase in
sleep-related impairment. Notably, pain interference had the most associations with
pain-related outcomes; in addition to physical function, pain interference was associated
with changes in fatigue, sleep-related impairment, depression, and anxiety. An increase
in pain interference was associated with an increase in fatigue, sleep-related
impairment, depression, and anxiety. Changes in pain intensity and pain interference
from assessment one to assessment three were associated with changes over time in
pain-related outcomes. These findings are supported by other studies that also
underscore the need for a biopsychosocial approach to pain care.31-33
Major Findings: Effects of Pain Intensity and Pain Interference on Satisfaction with
Social Roles (Chapter 4)
To examine the effects of pain intensity and pain interference on satisfaction with social
roles, we used the same PASTOR data described for the previous analysis, but with the
addition of the PROMIS measure Satisfaction with Social Roles. Results of multilevel
modeling showed a statistically significant relationship between pain intensity and pain
interference and satisfaction with social roles. An increase in average pain, worst pain,
and pain interference were associated with a decrease in satisfaction with social roles.
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These findings align with other studies that suggest pain disrupts personal and
professional relationships,34 can cause one to withdraw from social experiences,35 and
lead to feelings of inadequacy.31 Moreover, another study utilizing PASTOR data found
low levels of social satisfaction in the military pain population.36 The authors proposed
options for strengthening the measure to further differentiate reasons for the low levels
of social satisfaction in this population.
Limitations
Integrative review (Chapter 2)
There are limitations that need to be acknowledged in this dissertation study. Some of
the studies in the review were based on large databases and electronic medical records.
Due to the nature of large database studies, and multiple providers inputting data, the
accuracy or consistency of the diagnoses may be compromised. Self-reported
questionnaires, which may be subject to recall bias creating errors in analysis, were
another source of information.37 Moreover, grey literature that was not published in peerreviewed journals may have provided useful statistics but was not part of the analysis.
Finally, the time of data collection (e.g., before, during, or after deployment) and
screening tools varied across studies.
Secondary analysis of longitudinal data (Chapters 3 and 4)
The analysis included data that were collected in 10 months, with a minimum of 3
assessments during that time. The short 10-month time frame limited the number of
patients eligible to be in the study; and, limited the number of assessments per
participant, which restricted the number of PASTOR data points collected. However,
PASTOR data collection is ongoing, strengthening the database for further longitudinal
research. The variability within and among individuals in length of time between
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assessments could lead to differences in the amount of change in pain-related outcomes
per assessment. Also, the sample was drawn from one specialty pain care center;
therefore, the results may not generalize to patients with lower pain levels, and those not
receiving care in such a specialty clinic. Further, the sample population consisted
primarily of Army personnel, which may limit the generalizability of the findings to
individuals in other military branches. The lack of statistical significance in some of our
findings may be due the limited number of PASTOR assessments per patient, and/or to
current measures not being sensitive enough to detect change.30 As PASTOR matures,
expanding current measures and incorporating new measures can be assessed.30,36
Additionally, we were able to identify the effects of incremental improvements in pain in
PROMIS measures; however, these improvements have not been defined in chronic
pain in other PROMIS measures. To our knowledge, only one study speaks to a
minimally important difference (MID) for PROMIS Pain Interference with a T-score
change of 2-3, however, this was established without using computerized adaptive
testing.38 Flynn et al used MID ranging from a T-score change of 3.75 to 5 for the six
PROMIS measures used in this study.30 In this analysis we did not account for relevant
variables such as duration in specialty pain care and length of time between assessment
of measures. Finally, we were unable to examine clinical information (e.g., acute versus
chronic pain, type and frequency of interventions delivered for pain, and other health
issues) not linked to PASTOR that may have influenced pain-related outcomes.32,39-42
Directions for Future Research
The findings of this dissertation study contribute to the body of evidence supporting the
need to assess and track pain-related biopsychosocial outcomes in a military pain
population, and underscore the need for supplemental research to assess pain-related
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physical, mental, and social health outcomes. Used consistently, standardized measures
provide useful information to guide clinical care and assess therapeutic benefit, as well
as contribute to data collection for research.
An important area for future research is continued validation of the sensitivity and
specificity of the neuropathic pain T-score thresholds with military populations. While the
neuropathic pain cutoff thresholds of 50 and 57 utilized in this study are routine clinical
practice, they have not been validated in a military population and require further
investigation. It would also be of interest to compare PROMIS Neuropathic Pain Scale Tscores with physician diagnosis to assess agreement between physician diagnosis of
neuropathic pain and T-score thresholds of 50 and 57. This comparison could be utilized
to demonstrate the sensitivity of the PROMIS Neuropathic Pain Scale in quantifying the
severity of neuropathic pain symptoms compared to provider diagnosis. The PASTOR
generated T-score for neuropathic pain could be used in conjunction with a physical
examination to diagnose neuropathic pain, guide clinical care, and track therapeutic
benefit.28
Examining the long-term interaction of neuropathic pain and time on sleep-related
impairment is another area for future research. As discussed in Chapter 3, addressing
sleep-related impairment is vital to military operations as sleep issues can have a
detrimental effect on the ability to perform assigned tasks and potentially lead to errors
and accidents. Recognizing that pain-related outcomes are interrelated, being able to
provide relief in sleep may lead to improvement in other pain-related outcomes, and
faster return to optimal function.
Our study found that as pain intensity and pain interference scores increased,
patients have lower levels of satisfaction with social roles. Cook et al. also found low
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levels of social satisfaction and concluded that the PROMIS measure may need to be
supplemented with items that will help discern low levels of satisfaction with social
roles.36 In addition to augmenting measures, they proposed expanding measures to
include pain catastrophizing, pain acceptance, and patient activation as a means to
better detect the effectiveness of pain treatments. As the utilization of PASTOR
increases, potentially across the Military Health System and the Veteran’s Health
Administration health care facilities, incorporating other measures can be assessed for
practicality.
Finally, the studies conducted in this analysis should be replicated with a larger
sample and over a longer period of time. These studies should focus on changes that
may occur in the outcome variables that were not statistically significant in the analyses
conducted for this dissertation, as it may take a larger sample, or a longer period of time
to see statistically significant changes in these outcomes. Using PROMIS measures in
routine clinical practice has important implications for directing pain therapies and
documenting their effectiveness.43 Potential for assessing pain-related outcome
variables is great and the environment is rich with opportunities for continued research in
this field.
Conclusion
This three-part dissertation advanced the knowledge of potential pain-related health
problems, and the associated physical, mental, and social health outcomes in active
duty service members. The integrative review highlighted the consequences of military
service on pain development, potential risk factors, and the extent of pain in military
personnel. This dissertation recognized the relationship between military pain patients
suffering from neuropathic and sleep-related impairment and proposed that increased
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attention to sleep-related impairment may, in turn, improve other outcomes. Further,
biopsychosocial patterns of change were identified, as well as associations vital to
comprehending the complexities of pain. Importantly, the findings from this body of work
support the value of PASTOR in the assessment and tracking of pain-related
biopsychosocial outcomes for clinical and research efforts.
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APPENDIX
Appendix A Definitions of Select Terms*†‡§
Term

Definition

Active Duty

Full-time duty in the active military service of the United States, including
active duty or full-time training duty in the Reserve Component.*
Those individuals required in either a military or civilian capacity to
accomplish the assigned mission in an operational area.*

Deployed personnel
Deployment

The rotation of military forces into and out of an operational area.*

Home station

The permanent location of active duty units and Reserve Component
units.*

Operation Iraqi Freedom
(OIF)

Military operations against Iraq announced March 19, 2003. August 31,
2010 announcement was made that American combat missions in Iraq
had ended.†
Operation Enduring
Operations began October 7, 2001 with the deployment of U.S. forces to
Freedom (OEF)
Afghanistan. The end of OEF was announced December 28, 2014. †
Operation New Dawn
September 1, 2010 military operations in Iraq were designated Operation
(OND)
New Dawn. The official end date was December 15, 2011.†
Posttraumatic stress
A disorder that may develop after living through or experiencing a
disorder (PTSD)
traumatic event that causes one to feel stressed and afraid when it is over.
Formal diagnosis requires experiencing defined symptoms for at least one
month.‡
Theater of operations
An operational area defined by the geographic combatant
commander for the conduct or support of specific military operations.*
Traumatic Brain Injury
Injury due to sudden trauma causing damage to the brain. May be mild
(TBI)
moderate or severe.§
* U.S. Joint Chiefs of Staff. (2016). Department of Defense dictionary of military and associated terms.
Washington, DC: U.S. Joint Chiefs of Staff. Available from: http://www.dtic.mil/doctrine
† Congressional Research Service. U.S. Periods of War and Dates of Recent Conflicts. October 11, 2017.
‡ National Institutes of Mental Health [31 Jan 2018] Available from:
https://www.nimh.nih.gov/health/topics/post-traumatic-stress-disorder-ptsd/index.shtml)
§ National Institute of Neurological Disorders and Stroke [31 Jan 2018] Available from
https://www.ninds.nih.gov/Disorders/All-Disorders/Traumatic-Brain-Injury-Information-Page#disorders-r1
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