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Abstract
Background Many patients with injuries report chronic pain, with injuries to the lower
extremities resulting in higher rates than other sites. High pain intensity at time of injury
is a risk factor for chronic pain, but it is not clear what specific acute pain patterns
following injury influence the development of chronic pain. In addition, it is not known
whether chronic pain in this patient population includes symptoms of heightened
sensitivity to innocuous and noxious stimuli, which have been reported in other chronic
pain conditions.
Purpose To examine the relationship between post-trauma acute pain status and
incidence of chronic pain, and to test for hypo- or hypersensitivity to innocuous and
noxious thermal and mechanical stimuli in patients with lower extremity traumatic
injuries.
Methods This was a descriptive retrospective cohort study with a cross-sectional
component. Patients pain related to the injury site was assessed. This was followed by a
retrospective medical chart review. A sub-sample of patients and healthy controls also
underwent sensory testing.
Results In this study 54% of patients experienced no improvement in pain during
hospitalization. The mean pain score was higher for patients with chronic pain (78%)

compared to patients with no chronic pain (5.1 vs. 4.2). Patients with injuries had higher
warmth detection threshold (36.5 vs. 33.2), and elevated current perception threshold
(CPT) measures at 2000 Hz (292 vs. 122) and 250 Hz (76 vs. 35) compared to healthy
controls.
Conclusion Consistent with other studies, high pain intensity at time of injury was
associated with chronic pain. The increased warmth perception threshold and elevated
CPT measures in cases suggest hypoesthetic nerve function. This is the first study to
conduct an in-depth analysis of acute pain intensity patterns and sensory function in
patients with lower extremity injuries and will guide the design of a future longitudinal
study.
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Chapter 1: Introduction and Purpose
1.1 Introduction
Chronic Pain
Pain is a complex phenomenon with both sensory and emotional components and
can be associated with actual or potential tissue damage (International Association for the
Study of Pain (IASP), 2012). While acute pain is a warning signal that something is
wrong and has a protective function (Institute of Medicine (IOM) Committee on
Advancing Pain Research, Care, and Education, 2011), chronic pain is thought to be
without apparent biological value and persists beyond the normal tissue healing time.
Chronic pain is a significant public health problem costing $635 billion per year
and affecting 116 million adults (IOM, 2011). Chronic pain patients experience
significant negative physical (i.e., limited mobility), psychological (i.e., depression),
social (i.e., isolation), and emotional (i.e., anxiety) consequences, all of which contribute
to a reduced quality of life (IOM, 2011). While osteoarthritis and rheumatoid arthritis are
the most common causes of chronic pain (42%), trauma and surgery account for 15% of
chronic pain in patients (Breivik, Collett, Ventafridda, Cohen, & Gallacher, 2006).
Significance of chronic pain following physical trauma
In the U.S., there are 136 million emergency department visits per year and
almost one-third (45.4 million) of those are injury-related (Centers for Disease Control
and Prevention, 2014). Up to 62% of traumatic injury patients report chronic pain
(Jenewein et al., 2009; Williamson et al., 2009). Moreover, while patients with injuries
from many different body sites report chronic pain, those with lower extremity injuries
report higher rates (Rivara et al., 2008; Williamson et al., 2009).
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Patients with trauma-related chronic pain have a higher incidence of physical
disability and post-traumatic stress disorder, miss more days of work, and seek medical
care more frequently compared to those without chronic pain (Jenewein et al., 2009).
Also, persons with post-trauma chronic pain report high levels of pain intensity, anxiety,
and depression (Stålnacke, 2011), and a considerable number (87%) state that pain
interferes with their daily activities (Clay et al., 2010). Studies examining the association
between chronic pain and traumatic injury have identified several risk factors. These
include older age, untreated anxiety and depression, female gender, fewer years of
education, and high pain intensity at the time of injury (Clay, Dip, Watson, Dip, & Hons,
2012; A. Holmes et al., 2010; Rivara et al., 2008; Rosenbloom, Khan, McCartney, &
Katz, 2013). However, the precise mechanisms underlying the development of chronic
pain following traumatic injury are not clear.
Theoretical frameworks in chronic pain
The Gate Control Theory of Pain proposed by Melzack and Wall emphasizes the
involvement of the central nervous system as an essential component in pain processing
and that the spinal dorsal horn (i.e., the gate) is actively involved in the inhibition,
excitation, and modulation of pain signals (Melzack, 1999). The hypothesis is that when
the gates open, pain messages pass through and when the gates closes, pain messages are
prevented from reaching the brain; therefore, there is no pain (Moayedi & Davis, 2013).
Further, the Gate Control Theory also introduces psychological factors as an integral part
of pain processing (Melzack, 1999). Thus, they hypothesize that the gate could be opened
by physical (e.g., injury), emotional (e.g., anxiety), and behavioral (e.g., focusing)
factors. Moreover, the gate could be closed by physical (e.g., analgesics), emotional
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(e.g., positive thinking) and behavioral (e.g., focus on things other than the pain) factors
(Melzack & Wall, 1965). The Biopsychosocial model (BPS) emphasizes the interaction
of psychological (e.g., thoughts, emotions, behaviors), social (e.g., socio-economical,
socio-environmental, cultural), and biological (e.g., cellular) factors in understanding
disease (Engel, 1977) (Figure 1).

Figure 1. Biopsychosocial model of pain
The BPS expanded the gate control theory by including social factors as a
component in the development of pain. The BPS model of chronic pain is based on the
concept that pain cannot be divided into distinct psychosocial and physical components,
and, therefore, psychological and social factors must be taken into account in addition to
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biological factors (Pergolizzi et al., 2013). This concept is congruent with the
International Association for the Study of Pain (IASP, 2012) definition of pain as “an
unpleasant sensory and emotional experience associated with actual or potential tissue
damage, or described in terms of tissue damage, or both”. In their report “Relieving Pain
in America”, the IOM (2011) concluded that pain is a complex phenomenon and that
biological, psychological and social factors play a part in how a person perceives pain;
this further reinforces the use of the BPS as a theoretical model to study pain.
Psychological factors that contribute to pain are anxiety, fear, guilt, anger,
depression, and expectations of pain treatment (IOM, 2011). Persons with a concurrent
diagnosis of major depression, post-traumatic stress disorder and generalized anxiety
have shown a relationship with the onset of pain as well as with the transition from acute
to chronic pain (Larner, 2011). This finding is reflected in the trauma population as the
most frequently reported psychological factors associated with chronic pain following
injury are untreated depression (Rivara et al., 2008) and negative pain control attitudes
(Holmes et al., 2010).
Social factors represent the response of others to pain, which could take the form
of support, criticism, enabling behavior, or withdrawal (IOM, 2011). Also, there are
external demands such as the work environment, access to medical care, and culture
(IOM, 2011). Several factors such as not completing high school, smoking, and alcohol
use (Rivara et al., 2008; Williamson et al., 2009) have also shown a moderate association
with chronic pain following injury.
Biological factors that contribute to acute pain include the extent of the injury,
comorbidities, and genetics (IOM, 2011). Factors found to be associated with chronic
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pain following an injury are non-white race, female gender, older age (Holmes et al.,
2010; Rivara et al., 2008), injury severity, injury site, and high pain intensity at the time
of injury (Clay et al., 2012, Rivara et al, 2008). High pain intensity at the time of injury is
of particular interest because it is one of the few factors that can be modified by
administering treatment.
1.2 High pain intensity at time of injury
Pharmacological and non-pharmacological treatments can effectively reduce pain
intensity (Berben et al., 2008) at the time of injury; however, for many trauma patients,
the administered treatment does not adequately control the pain (Archer, Castillo,
Wegener, Abraham & Obremsket, 2012). Approximately 70% of patients report pain
during hospitalization (Jabusch, Lewthwaite, Mandzuk, Schnell-Hoehn, & Wheeler,
2015), and nearly 59% of traumatic lower extremity injury patients undergoing surgery
for their injury report moderate to severe pain at the time of discharge from the hospital
(Archer et al., 2012). Further, a considerable number (25 - 30%) of patients with long
bone fractures did not receive any pain medication while in the emergency department
(Ware, Epps, Clark, & Chatterjee, 2012; Brown, Klein, Lewis, Johnston, & Cummings,
2003). Trauma patients with chronic pain at 4 and 12 months after injury reported higher
mean pain scores (M = 7.5 and M = 5.3) during hospitalization than patients without
chronic pain (M = 5.5 and M = 3.8) (Trevino, Harl, Deroon-Cassini, Brasel, & Litwack,
2014; Holmes et al., 2010).
The most frequently used measurement tool to assess pain is the Numeric Rating
Scale (NRS; Joint Commission on Accreditation of Healthcare Organizations, 2011). The
NRS measures the magnitude, strength, or intensity a person assigns the pain experience,
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and this quantification of pain allows for statistical analysis. Pain intensity scores
documented with the NRS during hospitalization immediately following injury have been
used to classify patients into high and low acute pain categories by calculating the mean
pain score (Holmes et al., 2010; Rivara et al., 2008). However, condensing all pain scores
documented during hospitalization to one number results in the loss of detailed
information about the overall pain experience such as whether the pain worsened, stayed
the same, or improved (Chapman, Donaldson, Davis, & Bradshaw, 2011). Examining the
details of the overall pain experience could provide insight into the likelihood of
developing post-traumatic chronic pain.
Measuring pain over time
Growth curve modeling (GCM) is a multilevel statistical technique that can be
used to examine pain across the length of in-hospital stay. GCM examines relationships
between variables and can be applied to experimental as well as observational data that
are collected either prospectively or retrospectively (Singer & Willett, 2003). GCM often
contains two levels: (1) level-1 analysis examines within-patient change and explores
how the outcome changes over time for each patient; and (2) level-2 analysis focuses on
between-patient differences and examines which predictors associate with certain
patterns of change (Curran, Obeidat, & Losardo, 2011; Singer & Willett, 2003). GCM
requires a minimum of three data collection points, a continuous outcome, and the same
instrument for data collection over time. It accommodates diverse data collection
schedules, a unique number of waves, and is capable of including cases with partially
missing data (Singer & Willett, 2003).
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Pain scores collected during hospitalization meet the methodological features
required of longitudinal data used for multilevel modeling such as GCM. According to
requirements by the Joint Commission on Accreditation of Healthcare Organizations,
pain scores are supposed to be collected every four hours; this implies that a patient with
a 24-hour admission should have at least six or more waves of data. Hours is an
appropriate metric to indicate time, because pain scores are recorded using full hour
increments on patient care flow sheets. Additionally, pain scores are well-suited for
multilevel modeling when data collection schedules differ across patients, and each
patient can have a unique number of waves (Singer & Willett, 2003). Another important
aspect of multilevel modeling is that the outcome measure needs to be continuous,
change over time, and collected using the same instrument (Singer & Willett, 2003). Pain
intensity scores meet all of these requirements and, therefore, multilevel modeling can
answer questions related to both within- and between-patient changes related to pain
intensity at the time of injury.
Plotting an individual’s pain scores over time using growth curve modeling
allows for the calculation of trends or trajectories, which can then be used to determine
the rate of change over time (Chapman et al., 2011). These trajectories enable the
classification of patients into three groups: 1) those whose pain resolved over time; 2)
those whose pain remained at a constant level; and 3) those whose pain increased over
time (Chapman et al., 2011). In a study of chronic pain following surgery, both the
intercept and slope of the post-operative pain trajectory independently contributed to the
prediction of pain intensity six months after surgery (Althaus, Arránz Becker, &
Neugebauer, 2014).
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An in-depth analysis of acute pain patterns and their relationship to chronic pain
in patients with lower extremity traumatic injuries has not yet been published. Findings
from a study of acute pain patterns can be used to address the importance of early and
adequate acute pain treatment following trauma and thus improve patient lives by
providing high-quality patient care.
1.3 Pathophysiology of pain
Pain following injury can be nociceptive, neuropathic or a combination of both
(Curran & Brandner, 2005). In nociceptive pain, the neural pathways are activated in
response to noxious (damaging) stimuli and the pain usually dissipates as the injury heals
(Beard & Aldington, 2012). In neuropathic pain, there is damage to the nervous system
(Beard & Aldington, 2012; Curran & Brandner, 2005), which leads to spontaneous pain
and multiple positive and negative somatosensory signs such as thermal and mechanical
hyperalgesia, allodynia, hypoesthesia, and hypoalgesia (Maier et al., 2010).
Pain pathway
Pain is the result of deliberate brain activity in response to noxious stimuli and has
cognitive, affective, and sensory components (Loeser & Treede, 2008). Following the
exposure to a noxious stimulus (i.e., chemical, mechanical or thermal stimulus that can be
damaging to normal tissues), a signal is transmitted via primary afferent neurons to the
spinal dorsal horn where they synapse with second-order afferent neurons. The secondorder neurons ascend and transmit the signal to higher regions of the central nervous
system along several pathways such as the spinothalamic tract, which terminates in the
thalamus. In the thalamus, the spinothalamic tract neurons synapse with third-order
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neurons that transmit the nociceptive signal to several regions of the cerebral cortex for
interpretation as pain (Curran & Brandner, 2005).
Nociception is the physiological process of encoding noxious stimuli (Loeser &
Treede, 2008) and involves the mechanisms of transduction, transmission, perception,
and modulation of pain (Pasero & McCaffery, 2011). During transduction, free nerve
endings (i.e., nociceptors) of myelinated fast-transmitting A-delta fibers and
unmyelinated slow-transmitting C-fibers respond to noxious stimuli. An action potential
is generated, which travels along the neuron to the spinal dorsal horn. The nociceptive
signal continues as an action potential traveling along the second-order and third order
neurons to the brain stem and cerebral cortex (Pasero & McCaffery, 2011). During
transmission, the nociceptive signal travels across the synaptic cleft from the presynaptic
neuron to the postsynaptic neuron. Neurotransmitters such as adenosine triphosphate,
glutamate, calcitonin gene-related peptide, bradykinin, nitric oxide, and substance P are
released from the presynaptic neurons, which then bind to specific receptors on the
postsynaptic neurons that continue to transmit the signal (Pasero & McCaffery, 2011).
The perception of pain occurs when the signal reaches cortical regions and the brain
interprets the signal as pain.
The descending pain modulatory pathway that originates in the brain transmits
signals to the spinal dorsal horn to induce inhibition and/or facilitation of nociceptive
transmission at the synapse between the first order and second order neurons (Dubner &
Ren, 1999). When descending inhibitory modulation is engaged, inhibitory
neurotransmitters (e.g., endogenous opioids, serotonin, norepinephrine gamma-
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aminobutyric acid) are released that can block entirely or partially the transmission of
nociceptive signals, which results in decreased pain (Pasero & McCaffery, 2011).
Pain hypersensitivity
While the exact mechanism of how acute pain transitions to chronic pain is not
known, certain phenomena such as pain hypersensitivity associated with changes in the
pain pathway have been identified in some chronic pain conditions. Following injury,
symptoms of pain hypersensitivity may occur at and around the injury site. These
symptoms, allodynia (i.e., lowered pain threshold that causes a painful response to nonnoxious stimuli) and/or hyperalgesia (i.e., increased pain response to a noxious stimulus)
can occur through peripheral or central sensitization mechanisms (Woolf, 2011).
Peripheral sensitization refers to a neural response resulting in a reduced response
threshold and an increase in neuronal activity in primary afferents (Woolf, 2011).
Peripheral sensitization of nociceptors during the acute pain phase after an injury likely
occurs so that sensory input from subsequent stimuli are intensified, leading to increased
pain perception and protection of the injured site to prevent further damage. This
heightened sensitivity returns to baseline as the injury heals (Hawker, Mian, Kendzerska
& French, 2011).
Ongoing peripheral sensitization can lead to the development of central
sensitization. Central sensitization is associated with decreased neuronal response
threshold and enhanced responsiveness to sensory input in the spinal dorsal horn (Woolf,
2011). Decreased thresholds for activation of spinal dorsal horn neurons results in
allodynia and hyperalgesia, which are frequently present in chronic pain conditions such
as fibromyalgia, osteoarthritis, headache and temporomandibular disorders (Hawker et
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al., 2011). An uninterrupted surge of activity during high pain intensity or prolonged
moderate pain intensity at the time of an injury may trigger changes in spinal cord dorsal
horn neurons resulting in central sensitization and the development of chronic pain;
however, this remains unclear. Examining whether patients with chronic pain following
lower extremity traumatic injuries report symptoms of hypersensitivity to innocuous and
noxious thermal and mechanical stimuli will contribute to the existing body of knowledge
related to biological mechanisms associated with chronic pain.
Measuring sensory function
Quantitative sensory testing (QST) refers to the use of a set of objective sensory
testing procedures to measure and quantify various aspects of sensory function (Rolke et
al., 2006). The objective is to detect sensory loss (e.g., hypoesthesia, hypoalgesia) or
sensory gain (e.g., hyperaesthesia, hyperalgesia, allodynia) in both large and small
sensory afferent fibers (Rolke et al., 2005). QST consists of seven tests that measure 13
parameters: thermal detection thresholds for the perception of cold, warm and
paradoxical heat sensations, thermal pain thresholds for cold and hot stimuli, mechanical
detection thresholds for touch and vibration, mechanical pain sensitivity including
thresholds for pinprick and blunt pressure, stimulus/response-functions for pinprick
sensitivity and dynamic mechanical allodynia, and pain summation to repetitive pinprick
stimuli (wind-up like pain; (Rolke et al., 2006).
Studies show that QST reveals symptoms of pain hypersensitivity such as
allodynia in patients with traumatic nerve lesions or postherpetic neuralgia, mechanical
hyperalgesia in complex regional pain syndrome, fibromyalgia, or osteoarthritis and
hyperalgesia to cold in patients with oxaliplatin-induced neuropathy (Backonja et al.,
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2013; Maier et al, 2010). While studies using QST have not been conducted in patients
with lower extremity traumatic injuries, one study did report hypoesthesia in patients
with peripheral partial nerve injury following fracture, surgery , or tissue trauma (Leffler
& Hansson, 2008).
QST has a high test-retest reliability and high interobserver reliability of the
affected area (r = 0.80–0.93) except for wind-up ratio and paradoxical heat sensation
(Geber et al., 2011). It is important to remember that each body region needs its own
QST reference data, that thermal and mechanical thresholds increased with age and that
women can be more sensitive than men for many QST parameters (Rolke et al., 2006).
Current perception threshold
The Current Perception Threshold test (CPT) uses a transcutaneous electrical
stimulator (Neurometer) and standardized procedures to non-invasively measure and
quantify sensory nerve function in both unmyelinated and myelinated sensory nerve
fibers at any cutaneous test site (Neurometer CPT/C Operating Manual, 2007). With
variation in stimulus frequency, a selective response is sought from the corresponding
sensory nerve fiber subpopulation. Large myelinated Aβ fibers are stimulated at 2000 Hz,
small myelinated Aδ fibers at 250 Hz, and small unmyelinated C fibers at 5 Hz. When
compared to established normative values, increased CPT measures indicate hypoesthetic
sensory function that is attributed to neuropathy, whereas decreased CPT measures
indicate hyperesthetic sensory function commonly attributed to sensitization.
CPT has reliably been used to examine peripheral neuropathies following diabetes
(Lv et al., 2015, Nather et al., 2008; Rendell et al., 1989), chemotherapy (Griffith et al,
2014), and carpal tunnel syndrome (Katims et al., 1991). One study used CPT to
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quantitatively analyze sensory disturbances of the lower extremity before and after
lumbar discectomy (Imoto et al., 2007). A moderate correlation has been found between
CPT at 2000 Hz and vibratory sensory thresholds and CPT at 5 Hz and thermal sensory
testing thresholds (Ziccardi, Dragoo, Eliav & Benoliel, 2011; Lowenstein, Jesse &
Kenton, 2008; Park, Kim, Park, Kim & Jang, 2001).
1.4 Purpose and Methods
Purpose
The purpose of this study is to examine the relationship between post-trauma
acute pain status and incidence of chronic pain and pain hypersensitivity to subsequent
painful stimuli following lower extremity injury. The aims of this dissertation were to: (1)
assess the feasibility of using growth curve modeling to calculate pain trajectories from
pain scores documented in the medical record of patients with lower extremity injuries;
(2) to conduct an in-depth analysis of acute pain patterns during hospitalization and their
relationship to chronic pain in patients with and without chronic pain following lower
extremity injury; (3) measure sensory function in patients with lower extremity injuries
and a cohort of healthy controls. The following hypotheses were tested:
Hypothesis 1: A majority of patients with lower extremity injuries will have pain
that improves during hospitalization immediately following injury.
Hypothesis 2: Patients with lower extremity injuries who experience no
improvement in pain during hospitalization are more likely to report chronic pain
compared to patients whose pain improved.
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Hypothesis 3: Patients with chronic pain following lower extremity injuries will
demonstrate hypo- or hypersensitivity to innocuous and noxious thermal and
mechanical stimuli.
Methods
The design and methods for this study are described in each of the following three
chapters detailing the manuscripts completed as a requirement for the dissertation. In
summary, this was a descriptive retrospective cohort study with a cross-sectional
component of patients with lower extremity injuries admitted to a large academic urban
trauma center. Patients were contacted at home to assess for pain related to the site of
injury using the Chronic Pain Grading Scale (CPGS), which was followed by a
retrospective chart review. Demographic, medical and clinical variables were collected
from the medical records and routinely collected pain scores were used to conduct an indepth analysis of acute pain patterns. A sub-sample of patients and healthy controls
attended a testing session and completed questionnaires and sensory testing. The
questionnaires administered were the CPGS, the Short-Form McGill Pain Questionnaire2 (SF-MPQ-2), the Beck Depression Inventory-Second Edition (BDI-II) and the StateTrait Anxiety Inventory (STAI). Sensory testing consisted of QST, CPM and CPT.
1.5 Overview of Manuscripts
Consistent with the aims of this dissertation, the following three chapters include
the three manuscripts completed as a requirement for the dissertation manuscript option.
Chapter five includes a discussion of the main findings, recommendations and
implications for practice and research as well as limitations of the study.
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The article titled “Characteristics of Lower Extremity Trauma Patients with
Improved and Not Improved Pain During Hospitalization: A pilot study” (Chapter 2) is in
press at Pain Management Nursing. This pilot study was conducted to determine the
feasibility of collecting demographic, medical and clinical variables from medical records
to be able to calculate pain trajectories from routine pain scores collected during the
inpatient hospital stay. Chapter 3 titled “Examining the association between pain during
the immediate hospitalization following lower extremity injuries and chronic pain”
examines the association between acute pain patterns during hospitalization and their
relationship to chronic pain in patients with lower extremity injuries. The fourth chapter
titled “Quantitative sensory testing in patients with chronic pain following lower
extremity injuries” compares the results obtained from questionnaires and sensory testing
in patients with chronic pain following injury and healthy controls.
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Chapter 2: Characteristics of Lower Extremity Trauma Patients with Improved and
Not Improved Pain During Hospitalization: A pilot study1
2.1 Background
Trauma is a major source of chronic pain (Breivik, Collett, Ventafridda, Cohen, &
Gallacher, 2006)	
  and constitutes a large portion of the $600 billion of annual pain-related
healthcare costs (Institute of Medicine (US) Committee on Advancing Pain Research,
Care, and Education (IOM), 2011). Up to 62% of patients report chronic pain at the site
of injury six to twelve months after blunt trauma (Jenewein et al., 2009; Williamson et
al., 2009), with pain from lower extremity fractures exceeding that from other injury sites
(Rivara et al., 2008; Williamson et al., 2009). Patients with trauma-related chronic pain
have a higher incidence of physical disability and post-traumatic stress disorder, miss
more days of work, and seek medical care more frequently compared to those without
chronic pain (Jenewein et al., 2009). In addition they report high levels of pain intensity,
anxiety, and depression (Stålnacke, 2011) and a large proportion (87%) state that pain
interferes with their daily activities (Clay et al., 2010). While the exact mechanism
underlying the development of chronic pain following trauma is unclear, some of the risk
factors for chronic pain following injury are older age, untreated anxiety and depression,
female gender, fewer years of education and high pain intensity at time of injury (Clay,
Dip, Watson, Dip, & Hons, 2012; Holmes et al., 2010; Rivara et al., 2008; Rosenbloom,
Khan, McCartney, & Katz, 2013)
1

Griffioen, M. A., Johantgen, M., Von Rueden, K., Greenspan, J. D., Dorsey, S. G. &
Renn, C. L. (In press). Characteristics of Patients with lower extremity trauma by
improved and not improved pain during hospitalization: A pilot study. Pain Management
Nursing.
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Factors associated with the development of chronic pain can be classified into
groups of pre-hospital and in-hospital patient characteristics. Gender, age, anxiety,
depression and education are pre-hospital patient characteristics that cannot be modified
at the time of injury, but are useful to identify patients at risk of developing chronic pain.
Other pre-hospital patient characteristics that have been associated with chronic pain are,
race, income, education and urban/rural living (IOM, 2011). Some protective factors
include physical activity, normal weight and adequate treatment of pain (IOM, 2011).
A modifiable in-hospital risk factor is acute pain as pharmacological and nonpharmacological treatments can effectively reduce acute pain (Berben et al., 2008) at the
time of injury. However, approximately 70% of patients report pain during
hospitalization (Jabusch, Lewthwaite, Mandzuk, Schnell-Hoehn, & Wheeler, 2015) and
nearly 59% of fracture patients report moderate to severe pain at the time of discharge
from the emergency department (Archer, Castillo, Wegener, Abraham, & Obremskey,
2012). Further, a considerable number (25 - 30%) do not receive any pain medication
while in the emergency department (Brown, Klein, Lewis, Johnston, & Cummings, 2003;
Ware, Epps, Clark, & Chatterjee, 2012a). The mean pain score during hospitalization
following injury has been reported to be higher for trauma patients who had chronic pain
at 4 months (M = 7.5 versus 5.5) (Trevino, Harl, Deroon-Cassini, Brasel, & Litwack,
2014) and 12 months (M = 5.3 versus 3.8) (Holmes et al., 2010). A weakness of the mean
pain score is that it is a condensed measure of central tendency and does not provide
information on whether there ever is resolution of pain prior to discharge.
An alternative approach to using the mean pain score for comparison is to view
pain scores as longitudinal data and apply growth curve modeling to calculate an
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individual pain trajectory of each patient’s pain scores. Plotting pain scores over time and
the associated slope allows the classification of patients into three groups: 1) those whose
pain resolved over time (negative trajectory), 2) those whose pain was maintained at a
constant level (flat trajectory), and 3) those whose pain worsened over time (positive
trajectory) (Chapman, Donaldson, Davis, & Bradshaw, 2011). These categories can then
be used to predict whether patients will or will not develop chronic pain, particularly
when associated with pre- and in-hospital patient characteristics.
The purposes of this pilot study were to 1) determine which pain assessment tools
were used, 2) where pain scores were recorded across electronic and handwritten medical
records, 3) assess the frequency of missing data, 4) estimate the variance of pain and 5)
assess the feasibility of using growth curve modeling to calculate pain trajectories. The
goal was to determine whether it is possible to examine lower extremity trauma patient
characteristic differences by classifying patients into those whose pain improved during
hospitalization compared with those whose pain did not improve. This was done in
advance of a larger study examining the intensity, duration, and timing effects of acute
pain after lower extremity trauma and its role in the development of chronic pain.
2.2 Methods
Design and Sample
This was a descriptive retrospective chart review on patients admitted to a large
academic urban trauma center. Helicopters and ambulances bring over 8,000 injured
patients per year to this integrated trauma center with over 100 inpatient beds dedicated
to emergency surgery, resuscitation, intensive care, and acute surgical care and treatment
of trauma patients.
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Using a random number generator, a random selection of patients from the trauma
hospital’s registry was chosen for further screening. To be eligible, a patient had to
present with at least one blunt lower extremity trauma, be at least 21 years and older,
have an Abbreviated Injury Scale (AIS) score of 1-5 for lower extremities and < 3 for
other body systems and date of admission between September 17, 2011 and September
17, 2013. While the AIS score ranks injuries anatomically on a scale of one to six with
one being minor and six unsurvivable (Trauma.org, 2007), the total number of AIS scores
a patient receives depends on the number of injuries sustained. Patients were excluded if
they had a first listed diagnosis of hip fracture and/or admitted more than 24 hours after
injury. To attain a 10% sample size from a random sample of 200 patients, 20 patient
charts were chosen for review. Two investigators (M.G. and C.R.) reviewed the list of
eligible patients, selecting subjects with a variety of medical diagnoses and dates of
admission to ensure variability in the data collection. IRB approval was obtained.
Data collection
Medical records were accessed on secure computers and data were entered
directly into a Qualtrics database. Qualtrics Labs (2250 N. University Pkwy, 48-C, Provo,
UT 84604) is a web-based software program where data is encrypted, password protected
and maintained on their servers at a state of-the-art storage facility. The medical records
were available as electronic records and as handwritten progress notes that had been
scanned and uploaded. Data were collected from admission to discharge for each patient.
Variables
Baseline patient characteristics consisted of age, gender, race, length of stay,
mechanism of injury and AIS scores. Variables collected from the electronic medical
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record included admission blood toxicology screen for alcohol and drugs, smoking
history, height, weight, detailed pain assessment, acute pain management services consult
and pre- and post-treatment pain scores associated with the administration of analgesic
medication. In the detailed pain assessment, patients chose the variable that most closely
corresponded to the pain related question such as what provokes and relieves the pain,
what is the quality, frequency, current, least, worst and goal of pain. Name and amount
of medication administered for pain were obtained from the trauma resuscitation unit
(area of stabilization immediately on arrival to trauma center) electronic medication
administration record (eMAR) (inpatient hospitalization), and patient controlled analgesia
flowsheets (inpatient hospitalization). Handwritten pain scores were obtained from the
trauma resuscitation unit flowsheet and the inpatient patient care daily record. The date
and time stamp associated with each pain score was also available for collection.
Mean pain scores were categorized into four pain categories: 1) no pain, pain
score 0; 2) mild pain, pain scores 1 – 3; 3) moderate pain, pain scores 4 – 6; and 4) severe
pain, pain scores 7 – 10. Body mass index was calculated from height and weight and
patients were categorized into normal, overweight and obese categories according to
Centers for Disease Control and Prevention guidelines (2014).
To be able to compare the amount of opioid medication received by each patient,
the intravenous (IV) morphine equivalence was calculated using an on-line opioid
analgesic converter (Globalrph, 2014) and double-checked using cross multiplication [x
mg of morphine IV / mg of current opioid] * [multiplied with equianalgesic factor of
morphine IV / equianalgesic factor of current opioid] (McPherson, 2009).
Data analysis
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Analyses were conducted using SPSS 22.0 (IBM SPSS Statistics for Windows,
Version 22.0. Armonk, NY: IBM Corp.). Summary statistics included the mean, standard
deviation, and range for continuous variables and frequencies and proportions for
categorical variables.
Growth curve modeling was applied to explore within- and between-patient
patterns of change. The level-1 analysis revealed how pain changed over time for each
individual patient (Curran, Obeidat, & Losardo, 2011; Singer & Willett, 2003). The level2 analysis focused on between-patient differences and was used to analyze which
predictors were associated with certain patterns of change (Curran, 2011; Singer &
Willett, 2003). Growth curve modeling requires a minimum of three data collection
points, a continuous outcome, and the same instrument for data collection over time; it
accommodates diverse data collection schedules, unique number of waves and is capable
of including cases with partially missing data (Singer & Willett, 2003). Therefore, it is
well suited to analyze the data in this study.
The pain trajectory for this study was created using pain scores collected during
routine patient assessment to capture pain scores when patients were in pain as well as
not in pain. For the pain trajectory, the intercept was the first pain score documented in
the inpatient patient care daily record and the estimated slope or rate of change was the
pain score course during hospitalization until discharge. Ordinary least squares, a
statistical technique that tries to find the function that most closely approximates the data,
was chosen to fit a linear change model (straight line) to depict individual trajectories.
The intercept and slope were modeled as random effects. Based on previous literature
examining trajectories in patients with postoperative pain (Althaus, Arránz Becker, &
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Neugebauer, 2014; Chapman et al., 2011) and pain following discharge from the
emergency room (Chapman, Fosnocht, & Donaldson, 2012), a 50% confidence interval
was created around each pain trajectory. If the 50% confidence interval included zero, the
patient was classified as having a flat pain trajectory and categorized into the no change
in pain group. Patients with a negative pain trajectory were classified as having improved
pain and patients with a positive pain trajectory had worsened pain. Patients with no
change in pain and worsened pain were grouped as having no improvement in pain.
2.3 Results
The registry had a total of 978 eligible patients for the 2-year time period. From a
random sample of 200 patients, 20 charts were chosen for closer review, but two patients
were excluded from analysis as they had been intubated and pain scores were not
collected using the numeric pain rating scale. The final analysis was conducted on 18
patients that met the inclusion and exclusion criteria.
Patient characteristics, which had no missing values, are presented in Table 1. The
youngest patient was 22 years old and the oldest was 66 years old. More patients were
white (67%) and male (72%). The most common mechanism of injury was: motor vehicle
and motorcycle accidents (61%), falls (28%) and crush injuries (11%). The mean number
of AIS scores by patient was 3.6 (SD = 1.6). The lowest number of AIS scores by patient
was one and the highest was seven. The shortest length of stay was 1.7 days and the
longest was 5.7 days with an average length of stay of 3.7 (SD = 1.2) days. All patients
had a surgical procedure performed for their injury.
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Detailed pain assessment
All but one patient in the study sample had a detailed pain assessment performed
during their hospitalization (Table 2). Pain frequency was missing for one, least pain
score was missing for five and worst pain score was missing for four patients. While the
mean time to a detailed inpatient pain assessment from admission was 17.4 hours (SD =
11.3) with a range from 6 to 49 hours, most of the patients (78%) had a pain assessment
done within 24 hours of inpatient admission. As for what provokes the pain, 41% of the
patients reported movement, 35% of patients reported rest, 12% reported both movement
and rest, and 12% reported none. For 47% of the patients the pain was present always or
most of the time. The method that offered the most relief was medication, although two
patients reported that nothing provided relief from the pain. Aching was the most
frequently reported pain quality followed by throbbing, burning and heaviness. Other
qualities that were reported were sharpness, shooting, tenderness and numbness. The
mean for the least pain score at time of the detailed pain assessment in this sample was
moderate (M = 4.7, SD = 2.7). Half of the patients (53%) had mild pain as their goal,
while one-third (29%) expected their pain to be moderate.
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Medications ordered and administered for pain
A total of 42 different providers prescribed medication for pain for the 18 patients
in this sample. The number of prescriptions ordered by physicians (56%) and nurse
practitioners (44%) was fairly evenly split. Of the prescribed pain medications, 67%
were ordered as needed (PRN) for pain. The combination of route, dose, strength and
time interval varied 50 different ways for acetaminophen, fentanyl, hydromorphone,
morphine, MS Contin and oxycodone.
One patient did not have medications recorded in the trauma resuscitation unit
flowsheet and the abstractor was unable to read the dosage for three medications,
consequently they were coded missing. The most frequently administered pain
medication in the trauma resuscitation unit was IV fentanyl. It was administered 55% of
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the time followed by hydromorphone IV (18%), morphine IV (12%) and oxycodone by
mouth (PO) (2%) (Figure 2A). In the eMAR (inpatient unit), ocycodone was the most
commonly (38%) administered medication for pain followed by hydromorphone IV/PO
(21%), MS Contin PO (9%), Oxycontin PO (8%), acetaminophen PO (8%) and morphine
IV/PO (5%) (Figure 2B).
A

B
200
175

# times administered

# times administered

100
75
50
25

150
125
100
75
50
25
0

xy

co
d
on o n
e
e
IV
/
P
B
ac O
M lof
e
S
C n
on
O
A
c e x y tin
ta co
M min ntin
or
ph o p
in h e n
e
I
N V/P
eu
O
ro
nt
in
A
SA

ne
do
co

ph

or

O

O

xy

or
M

ph
or

H

yd

H

ro

yd

m

ro

m

ph

on

in

e

e

IV

IV
yl
an
nt
Fe

IV

0

Medication

Medication

Figure 2. (A) Distribution of medications administered for pain during patient stay the
trauma resuscitation unit. (B) Distribution of medications administered for pain during
hospitalization following stabilization in the trauma resuscitation unit.
Pain scores recorded in trauma resuscitation unit and eMAR
The final pain score before being transferred to the operating room or inpatient
unit was documented on the trauma resuscitation unit flowsheet for 54% of the patients.
The mean final pain score was 4.9 (SD = 2.1) with the lowest pain score being three and
the highest ten. The mean overall pain score for patients in the trauma resuscitation unit
was 7.3 (SD = 2.0). The lowest mean pain score for an individual patient was 5.0 and the
highest was 10.
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Medications administered for pain during the inpatient stay documented in the
eMAR, showed that 5% of pre-treatment pain scores and 17% of post-treatment pain
scores were missing. The post-treatment pain score was recorded on average one hour
after the administration of medication for pain. The mean pre-treatment pain score was
6.5 (SD = 2.4) with lowest individual mean pain score being 2.6 (SEM = 0.5) and the
highest 9.6 (SEM = 0.3). For post-treatment pain scores, 29% of the time the response
was recorded “patient asleep, respirations within normal limits and no pain noted”. As
49% of post-pain scores were either missing or not coded on a numeric pain rating scale,
they were not analyzed for this study.
Pain trajectory
A total of 302 data points were available from the inpatient patient care daily
record flowsheet to calculate the pain trajectory for 18 patients. The highest number of
pain scores recorded for a patient was 39 and the lowest was three. A total of 11 pain
scores in the inpatient patient care daily record were documented outside the numeric
pain rating scale, seven as “denies” and four as “asleep”. Variables recorded as denies
were recoded to zero and asleep to missing. The mean number of pain scores for the
sample was 16.8 (SD = 9.35). The shortest time period from admission to first pain score
recorded post transfer from the trauma resuscitation unit to the inpatient unit was 4.02
hours and the longest was 37.50 hours; the median was 17.05 and the interquartile range
was 19.71. The time interval between pain scores varied from one to 28 hours; 59% of
pain scores were recorded within four hours of each other and six (33%) patients had
their pain assessed at least every four hours during their inpatient stay.
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The mean, median and mode pain score for all patients was similar, the mean was
5.3 (SD = 2.90), and the median and mode was five. The lowest mean pain scores for an
individual patient was 2.9 (SEM = .56) and the highest was 10 (SEM = 0) (Figure 3). Two
patients had a pain score of 10 at each assessment point. Categorizing mean pain scores
into no pain, mild pain, moderate pain and severe pain showed that the majority (89%) of
patients had moderate to severe pain during their inpatient stay. The mean of the first pain
score recorded for all patients was 6.2 (SD = 2.77) and the mean of the last pain score
recorded was 4.6 (SD = 3.28). Only three patients had a pain score of zero at the last pain
assessment point.
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Figure 3. Distribution of mean pain score by patient, mean (SEM). Pain scores collected
from patient care daily record. NRS = numeric rating scale.
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The estimated intercept for the sample was 6.04 and the estimated slope was -.017
(50% CI = -.025, -.017), indicating that for the average patient the pain at the beginning
was moderate and improved throughout the hospitalization. Examining the pain trajectory
for each individual patient showed much variability in intercept and slope (Figure 4A).
For 44% of the patients the pain improved during the hospitalization, while for 39% the
pain remained the same and for 17% the pain worsened over time. Graphing pain
trajectories based on each patient’s mean pain score category showed patients with severe
pain either had a positive pain trajectory or had reported a pain score of 10 at each
assessment point. Patients with mild pain had negative pain trajectories. Patients with
moderate pain had either positive, flat or negative pain trajectories (Figure 4B). A closer
examination of patients with similar mean pain scores revealed that they could have
either a positive, flat or negative pain trajectory (Figure 4C).
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Figure 4. Fitted OLS pain trajectories for each individual patient with lower extremity
trauma calculated from pain scores recorded in the patient care daily record. (A) Much
variability in intercept and slope for individual patients (B) Pain trajectories categorized
by mean pain score category. Mild pain (pain score 1-3), moderate pain (pain score 4-6)
and severe pain (pain score 7-10). (C) The mean pain score does not predict resolution of
pain. Patients with similar mean pain scores can have positive, flat or negative pain
trajectories during hospitalization. Hours = time from first pain score recorded in patient
care daily record. NRS = numeric rating scale.
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Improved and not improved pain patient characteristics
Pre- and in-hospital patient characteristics categorized according to whether
patients’ pain improved or did not improve during inpatient hospitalization are detailed in
Table 3. In this sample, 57% of the men and 50% of the women, 64% of white and 60%
of black or African American had no improvement in pain. Patients with no improvement
in pain were younger (40 vs. 44 years), current smoker (75%), positive toxicology screen
(62%), normal weight (71%) and higher number of AIS scores (3.9 vs. 3.3). Further
analysis of those whose pain did not improve revealed that those whose pain worsened
were the younger (30 years vs. 45 years), had higher AIS scores (4.7 vs. 3.6) and longer
hospital stays (3.9 days vs. 3.2 days) compared to those whose pain remained the same.
Of in-hospital factors those whose pain did not improve had slightly shorter hospital stay
(3.4 days vs. 3.6 days), higher mean pain scores in the trauma resuscitation unit (8.3 vs.
6.4) and inpatient unit (6.4 vs. 4.6), and a higher opioid equianalgesic dose averaged over
24 hours (61.1 mg vs. 56.3 mg). Patients whose pain worsened had the highest opioid
equianalgesic dose administered of the three groups (M = 88.4, SD = 39.6), the highest
number of pain scores recorded (M = 61, SD = 28.8) and the longest time (hours) until a
detailed pain assessment was completed from time of admission (M = 31, SD = 25.5).
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Table 3
Patient characteristics based improved and not improved pain
Pain
Pain not improved
Characteristic
improved
Total
Pain the same Pain worsened
Pre-hospital factors
Gender, n (%)
Male
6 (43)
8 (57)
6 (43)
2 (14)
Female
2 (50)
2 (50)
1 (25)
1 (25)
Race, n (%)
White
4 (36)
7 (64)
5 (45)
2 18)
Black
2 (40)
3 (60)
2 (40)
1 (20)
Other
2 (100)
BMI, n (%)
Normal
2 (29)
5 (71)
4 (57)
1 (14)
Overweight
2 (100)
1 (50)
1 (50)
Obese
6 (67)
3 (33)
2 (22)
1 (11)
Age, M (SD)
44 (13.5)
40 (15)
45 (15.3)
30 (8.5)
Number of AIS scores, M (SD)
3.3 (1.5)
3.9 (1.8)
3.6 (2.0)
4.7 (1.2)
Positive toxicology screen, n (%)
3 (38)
5 (62)
3 (38)
2 (24)
Current smoker, n (%)
1 (25)
3 (75)
1 (25)
2 (50)
In-hospital factors
APMS consult, n (%)
3 (50)
3 (50)
2 (28)
Time between pain scores
At least every four hours, n (%)
2 (33)
4 (67)
3 (75)
Some more than 4 hours, n (%)
6 (50)
6 (50)
4 (66)
PCA, n (%)
2 (67)
1 (33)
Length of stay, M (SD)
3.6 (1.3)
3.4 (1.0)
3.2 (0.8)
Time to detailed pain assessment
(hours), M (SD)
16.1 (8.8)
18.4 (13.5)
14.9 (8.2)
Pain goal, M (SD)
3.3 (2.3)
1.8 (1.4)
1.6 (1.3)
TRU pain score, M (SD)
6.4 (0.9)
8.3 (1.4)
8.4 (1.6)
Pre-pain score, M (SD)
5.2 (1.3)
7.1 (1.4)
6.5 (2.5)
Routine Pain score, M (SD)
4.6 (1.4)
6.4 (2.2)
6.0 (2.8)
Mild
2 (100)
7 (58)
5 (72)
Moderate
5 (42)
3 (75)
2 (67)
Severe
1 (25)
Number of pain scores, M (SD)
47.2 (19.9)
47.3 (21)
41.4 (15.9)
Intercept, M (SD)
7.8 (2.0)
6.4 (2.2)
6.8 (2.3)
Slope, M (SD)
-0.09 (.19)
-.007 (.04)
0.01 (.01)
Opioid equianalgesic per 24 hours,
56.3 (30.6)
61.1 (28.5)
49.4 (12.7)
M (SD)
Note. AIS = Abbreviated Injury Scale. APMS = Acute Pain Management Services.
PCA = Patient Controlled Analgesia. TRU = Trauma Resuscitation Unit.
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1 (33)
1 (25)
2 (33)
1 (33)
3.9 (1.4)
31.0 (25.5)
3.0 (1.4)
8.2 (0.9)
6.1 (1.3)
6.2 (2.2)
2 (28)
1 (33)
61.0 (28.8)
5.4 (1.6)
0.03 (0.02)
88.4 (39.6)

2.4 Discussion
In this study 1) the numeric pain rating scale was used to assess pain intensity, 2)
it was feasible to collect pain scores and associated date and time stamps from electronic
and handwritten medical records, 3) there were few missing variables except for the posttreatment pain scores, 4) there was variability in pain scores and 5) it was possible to
calculate pain trajectories from routine pain scores collected during the inpatient hospital
stay.
In-hospital factors: pain trajectory
The mean pain intensity score and pain categories in this study indicated that a
majority of this sample experienced moderate to severe pain during hospitalization,
which corresponds to that reported from other studies (Berben et al., 2008b; Bernstein,
Gallagher, Cabral, & Bijur, 2009; Gordon et al., 2002). The pain intensity score is useful
for measuring the magnitude or strength a person ascribes the pain experience. The most
frequently used measurement tool to assess pain is the numeric pain rating scale (The
Joint Commission (TJC), 2011). A major benefit of the numeric pain rating scale is that it
permits quantification of pain, which can then be used for statistical analyses, except, it
does not take into consideration how long it takes to the pain to come to an end
(Chapman et al., 2012). The calculated mean pain score from the numeric pain rating
scale also makes it difficult to analyze between-patient pain scores as each person’s pain
score is influenced by past experiences with pain (Dionne, Bartoshuk, Mogil, & Witter,
2005); one patient’s pain score of five might not be the same magnitude or strength as
another patient’s pain score of five. In this study the pain trajectory revealed that patients
with similar mean pain scores experienced both improved and not improved pain,
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indicating that some interventions, individual characteristics or injury healing were
effective at reducing pain over time, but this was not apparent when only examining the
mean pain score. This is why growth curve modeling is advantageous, as it allows
comparisons between patients regardless of what the patient’s mean pain score is. This
modeling technique is also beneficial in that it accommodates diverse data collection
schedules, unique number of waves and is capable of including cases with partially
missing data (Singer & Willett, 2003). But as with mean pain scores, the more pain
scores that are available for analysis, the more accurate the pain trajectory (Singer &
Willett, 2003).
In-hospital factors: pain assessment
The Joint Commission (2011) Standard PC.01.02.07 states that every patient has
the right to assessment and management of pain, but others have reported that pain
assessment of hospitalized patients is sporadic and lingers around 52% to 59% (Brown et
al., 2003; Ware, Epps, Clark, & Chatterjee, 2012b). In a report from The Joint
Commission: The National Pharmaceutical Council (2001), the most common reason for
the undertreatment of pain is the failure of clinicians to assess pain and pain relief. In a
study of trauma patients in an emergency room, 60% of patients who had pain scores
documented received analgesics compared to 33% of those who did not (Silka, 2004).
However one study examining patients with fractures did not find a difference in the
administration of analgesia between those with and without pain scores documented
(Brown et al., 2003). In this study, every patient had his or her pain assessed and all but
one patient had a detailed pain assessment completed.
In-hospital factors: pain medication
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The higher morphine equivalence dose administered to patients whose pain
worsened in this study resembles that of studies of postoperative pain where higher
opioid use has been associated with greater pain intensity (Bot, Bekkers, Arnstein, Smith,
& Ring, 2014). Higher analgesic use has also been found following surgery in patients
who are younger, have emergency surgery, experience pre-operative pain and high
anxiety (Ip, Abrishami, Peng, Wong, & Chung, 2009). Opioid-tolerance is another factor
that has been associated with higher pain intensity scores (Low, Clarke, & Huh, 2012)
and with an increased sensitivity to pain (Blay, Glover, Bothe, Lee, & Lamont, 2012).
While higher morphine equivalence at time of injury has been associated with chronic
pain (Holmes et al, 2010), further clinical and pre-clinical studies would be important to
elucidate the underlying mechanism.
In the current study the percentage of patients whose pain did not improve was
higher than what has been reported in patients with postsurgical pain following elective
surgery (Althaus et al., 2014; Chapman et al., 2012). One important distinction between
elective and post-trauma surgical procedures is that preemptive analgesia and education
related to pain management can be administering prior surgery, but it is not always
possible for trauma as injury is inherently unpredictable (Radresa et al., 2014).
Consequently, the administration of analgesics necessarily occurs following traumatic
injury so that the focus of pain control becomes more related to controlling pain that
began prior to admission rather than preventing pain from occurring (Radresa et al.,
2014).
Treatment bias can also result when patients with higher pain scores receive more
aggressive pain treatment compared to patients with lower pain scores. In this study,
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some of the pain medication orders were based on the pain score reported by the patient,
where a higher pain scores would have resulted in a higher dose of pain medication and
possibly better pain control. In addition, treating each pain score as a separate event treats
the pain intensity, but not the resolution of pain (Chapman et al., 2012). With the use of
electronic medical records, patients whose pain does not improve can be identified and
interventions can be introduced early in the recovery period (Chapman et al., 2012).
Pre-hospital patient characteristics
This analysis did not test for differences in pre-hospital patient characteristics, but
gender, race, age, smoking and opioid dependence have been associated with individual
differences in pain (IOM, 2011). While women and older adults (Fillingim, 2005; Gibson
& Farrell, 2004; Manson, 2010) have a higher pain prevalence for clinical pain
conditions, Chapman et al. (2011) did find that women resolved their pain more quickly
following elective surgery compared to men. Although black or African Americans
(Rahim-Williams & Fillingim, 2012; Riley et al., 2014) show enhanced sensitivity to
experimentally induced pain (Fillingim, 2005; Gibson & Farrell, 2004), no race
differences have been found in regard to baseline pain scores (Bernstein et al., 2009) or in
analgesic treatment of long-bone fractures (Bijur, Bérard, Esses, Calderon, & Gallagher,
2008; Fuentes, Kohn, & Neighbor, 1999; Ware et al., 2012). Other associations between
factors such as older age and an increased pain threshold (Fillingim, 2005; Gibson &
Farrell, 2004), or smoking and lower back pain (Ferreira, Beckenkamp, Maher, Hopper,
& Ferreira, 2013), have been found. These studies and the results from the current
investigation underscore the importance of analyzing specific patient characteristics (e.g.
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gender, race, age, smoking) associated with the development of chronic pain so that more
can be learned about these important risk factors.
Limitations
Limitations associated with this study were that it did not include treatment
administered by emergency medical services on route to the hospital or the amount of
analgesia administered during surgical procedure or in the post anesthesia care unit. The
small sample size and retrospective study design also makes it difficult to establish cause
and effect. In addition, any significant effects seen from individual tests should be
considered tentative, given the number of analyses conducted on this data set. As for
calculating the pain trajectory, the higher the number of data collection points, the more
accurate the trajectory and one patient in this study only had three pain scores recorded in
the inpatient patient care daily record. Finally, post-treatment medication scores were not
analyzed, which could reveal important information about the effectiveness of medication
administered.
Implications for nursing education, practice and procedures
Nurses are involved in direct care of patients with acute/chronic pain; as such,
they are in an excellent position to improve patient lives by providing high-quality patient
care. Since assessment, treatment and re-assessment of pain is an integral function of
nursing care, nurses can at an early stage determine whether pain treatment is adequate; if
it is not, an alternate treatment can be initiated. Study findings can be used to address the
importance of early and adequate acute pain treatment following trauma as well as
treating the resolution of pain and not only the pain score at a specific time point. Nurses
are in an excellent position to advance pain research as they are very well acquainted
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with pain assessment and treatment and can draw on these skills to design interventions
to alleviate pain. There is also potential for new trauma specific practice guidelines and
standardized protocols that address pain treatment.
2.5 Conclusion
Despite the emphasis on frequent pain assessment and pain control in patient care,
half of patients with LE trauma in this sample had no improvement or worsening pain
during hospitalization. Further exploration of pre- and in-hospital patient characteristics
are warranted as these may be predictive of in-hospital pain thus influencing pain
management strategies Phase two of this study will follow patients after discharge to
examine factors leading to chronic pain.
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Chapter 3: Examining the association between pain during the immediate
hospitalization following lower extremity injuries and chronic pain
3.1 Introduction
Many patients with traumatic injuries (62%) report chronic pain (Jenewein et al.,
2009; Williamson et al., 2009)], with lower extremity injuries resulting in higher rates of
chronic pain than other injury sites (Jenewein et al., 2009; Williamson et al., 2009). The
consequences of trauma-related chronic pain are significant with patients reporting a high
incidence of physical disability, post-traumatic stress disorder, work absence, and
frequent health care visits (Jenewein et al., 2009). Also, persons with post-trauma chronic
pain report high levels of pain intensity, anxiety, and depression (Stålnacke, 2011) and a
considerable number (87%) state that pain interferes with their daily activities (Clay et
al., 2010).
Studies examining associations between chronic pain and traumatic injury have
identified a number of risk factors including older age, untreated anxiety and/or
depression, female gender, fewer years of education, and high pain intensity at time of
injury (Clay, Dip, Watson, Dip, & Hons, 2012; A. Holmes et al., 2010; Rivara et al.,
2008; Rosenbloom, Khan, McCartney, & Katz, 2013). Of these risk factors, only pain
intensity is amenable to immediate treatment at the time of traumatic injury. Pain
intensity is a subjective experience defined as the magnitude or strength that a person
assigns to a painful episode.
The most frequently used measurement tool to assess pain is the numeric rating
scale (NRS; Joint Commission on Accreditation of Healthcare Organizations, 2011). The
NRS is advantageous in that it allows the quantification of pain and can be used for
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statistical analysis. Pain intensity scores documented with the NRS during hospitalization
immediately following traumatic injury have been used to classify patients into high and
low acute pain categories by calculating the mean pain score from all of the pain scores
collected over a period (Holmes et al., 2010; Rivara et al, 2008). However, condensing all
documented pain scores into one number results in the loss of valuable information
regarding whether there is a change in the pain during hospitalization (Chapman,
Donaldson, Davis, & Bradshaw, 2011).
An alternative statistical method is to plot an individual’s pain scores over time
using growth curve modeling (GCM), which allows for the calculation of trends or
trajectories that can then be used to determine the rate of change over time (Chapman et
al., 2011). Using GCM, patients can be classified into three groups: 1) those whose pain
improved over time, 2) those whose pain remained at a constant level and 3) those whose
pain increased over time (Chapman et al., 2011). In a study of chronic pain following
surgery both the intercept and slope of the post-operative pain trajectory independently
contributed to the prediction of pain intensity six months after surgery (Althaus, Arránz
Becker, & Neugebauer, 2014). The relationship of acute pain trajectories to chronic
injury-site pain following a lower extremity traumatic injury remains unclear. In this
study, we conducted an in-depth analysis of acute pain patterns during hospitalization in
patients with lower extremity fractures and examined the relationship between the acute
pain trajectory and the incidence of chronic pain. The findings from this study provide
insight into the importance of early and adequate acute pain treatment, which could
improve patient care and quality of life.
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3.2 Methods
Design and sample
This was a retrospective cohort study of patients with lower extremity injuries
admitted to a large academic urban trauma center. Over 8,000 injured patients are treated
per year at this integrated trauma center that holds over 100 inpatient beds dedicated to
emergency surgery, resuscitation, intensive care, and acute post-surgical care for trauma
patients.
Inclusion criteria were the following: (1) 21-years and older; (2) at least one
trauma induced lower extremity fracture; (3) Abbreviated Injury Scale (AIS) score of 1-5
for lower extremities and less than 3 for other body systems; (4) at least six months and
no more than four years since injury at time of enrollment; (5) English speaking; and (6)
telephone number on file. Patients were excluded if they had a first listed diagnosis of hip
fracture related to a fall from the same level, fractures at body sites other than the lower
extremities, head injury, mechanically ventilated, an injury that resulted in an amputation,
length of stay shorter than 24 hours, and/or were admitted more than 24 hours after the
injury. The AIS score ranks injuries anatomically on a scale of one to six with one being
minor and six unsurvivable (Trauma.org., 2007) and the total number of AIS scores a
patient receives depends on the number of injuries sustained.
Screening and recruitment
The screening was conducted in two phases. In phase one, following Institutional
Review Board approval and HIPAA waiver of consent for screening, the trauma registry
was queried for patients meeting the inclusion and exclusion criteria. The trauma registry
is a database that documents acute care delivered to patients hospitalized for injuries

	
  

40	
  

(Moore, 2008). During the second phase of screening, each patient record was reviewed
to verify that each patient met the inclusion and exclusion criteria. Subsequently, eligible
patients were contacted by telephone during office hours (9 AM to 5 PM). During the
telephone contact, the purpose of the study was explained, and verbal consent was
obtained from patients willing to participate.
Data collection
Patient data were obtained by verbally administering a questionnaire during the
telephone contact and from medical records that were accessed on secure computers. All
data were entered into the Qualtrics database. Qualtrics Labs (2250 N. University Pkwy,
48-C, Provo, UT 84604) is a web-based software program where data are encrypted,
password protected and maintained on secure servers at a state-of-the-art storage facility.
Measures collected
The medical records were available as electronic documents and as handwritten
progress notes that had been scanned and uploaded. Data were collected from the time of
admission to discharge for each patient. Data collected from the medical records to
characterize patients were demographic and clinical variables: age, gender, race, length of
stay, mechanism of injury, fracture site, AIS scores, surgical intervention, height, weight,
comorbidities, alcohol, smoking, and morphine equivalence.
Pain scores recorded on the 11-point Likert scale Numeric Rating Scale (NRS)
and associated date stamp were obtained from the patient care daily record. The patient
care daily record is used to document nursing care throughout the hospital stay after the
patient is stabilized and transferred from the trauma resuscitation unit. Since the pain
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scores are documented with the vital signs and during routine patient care, pain scores
while the patient is or is not in pain are recorded.
The Chronic Pain Grading Scale (CPGS) was used during the telephone contact to
assess for the presence of chronic pain at the site of injury. The subscale score
characteristic pain intensity was used to categorize patients into those with and without
chronic pain. This item is the sum of three questions each scored on an 11-point Likert
scale with responses ranging from 0 – 10 (von Korff, M., Ormel, J., Dworkin, 1992). The
three questions have the patient rate their (1) current pain, (2) their worst pain, and (3)
average pain over the last three months (von Korff et al., 1992). The patients were asked
to report only on pain related to the site of injury. The CPGS is a valid and reliable
(Cronbach’s alpha 0.74) instrument that assesses for chronic pain (von Korff et al., 1992;
Elliott, Smith, Smith, & Chambers, 2000) and has been used to assess for pain in patients
with traumatic injuries (Rivara et al., 2008; Castillo, MacKenzie, Wegener, & Bosse,
2006).
Additional questions asked were: (1) if a healthcare provider had ever diagnosed
them with a chronic pain condition and whether this diagnosis was before or after the
injury occurred; (2) whether they were currently taking medication for the pain; (3) if the
medication was over the counter or by prescription; and (4) if they took it routinely or
only when in pain.
Data analysis
Data analysis was conducted using SPSS 22.0 (IBM SPSS Statistics for Windows,
Version 22.0. Armonk, NY: IBM Corp.). Summary statistics included the mean, standard
deviation, and range for continuous variables and frequencies and proportions for
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categorical variables. Independent samples t-test, chi-square test for independence, and
Fisher’s exact test were used to examine group differences. Effect size using Cohen’s d
was calculated for significant findings.
Pain scores documented outside the NRS were coded as follows: patient denies
pain coded as zero, patient is asleep coded as missing, scores recorded as higher than ten
coded as ten, and scores between two whole number pain scores coded as the higher
whole number pain score. Using the mean pain scores, patients were categorized into four
categories of pain: (1) no pain (pain = 0); (2) mild pain (0 < pain < 4); (3) moderate pain
(4 ≤ pain < 7; and (4) severe pain (pain ≥ 7). Body mass index was calculated from height
and weight, and patients were categorized as underweight, normal, overweight and obese
according to the guidelines from the Centers for Disease Control and Prevention (2014).
To be able to compare the amount of pain medication received between patients, the
intravenous (IV) morphine equivalence was calculated using an on-line opioid analgesic
converter (Globalrph, 2014). This value was double-checked using cross multiplication [x
mg of morphine IV/mg of current opioid] * [multiplied with an equianalgesic factor of
morphine IV / equianalgesic factor of current opioid] (McPherson, 2009).
Pain characteristics were calculated from the pain scores documented in the
patient care daily record. The first pain score was the initial pain score and the last pain
score was the final pain score documented. The mean pain score was calculated from all
pain scores detailed in the patient care daily record. Time to first pain score was
calculated by taking the time from the first pain score minus time of admission and time
between pain scores was the difference in time between two pain scores. Average pain
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consisted of dividing the total number of pain scores with the length of stay. The number
of pain scores was the count of all pain scores documented.
For the pain trajectory, the intercept was the first pain score documented in the
patient care daily record and the estimated slope or rate of change was the pain score
course during hospitalization until discharge. Ordinary least squares, a statistical
technique that tries to find the function that most closely approximates the data, was
chosen to fit a linear change model (straight line) to depict individual trajectories. The
intercept and slope were modeled as random effects. Based on previous literature
examining trajectories in patients with postoperative pain (Althaus, Arránz Becker, &
Neugebauer, 2014; Chapman et al., 2011) and pain the following discharge from the
emergency room (Chapman, Fosnocht, & Donaldson, 2012), a 50% confidence interval
was created around each pain trajectory. If the 50% confidence interval included zero, the
patient was classified as having a flat pain trajectory and categorized into the group with
no change in pain. Patients with a negative pain trajectory were classified as having
improved pain and patients with a positive pain trajectory had pain that worsened. For
analysis, patients with flat and positive pain trajectories were grouped into those with not
improved pain.
Sample size
The estimated sample size was based on the logistic regression model of
developing chronic pain. A previous study found that 63% of trauma patients reported
injury-related pain 12 months after injury (Rivara et al., 2008). The sample size required
to detect the odds ratio of developing chronic pain with alpha = 0.05 one-sided, and with
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sufficient power (≥ 0.8) was 263 subjects. This sample size would allow for the detection
of a small effect size (i.e. OR=1.44) under multiple logistic regression models.
3.3 Results
Screening and recruitment
During the first phase of screening, 1536 patients were identified as meeting
inclusion and exclusion criteria during the specified period. Since IRB approval was for
1500 patients, the 36 oldest records were excluded. During the second phase of screening,
an additional 977 (65%) patients were identified as not meeting inclusion criteria (Figure
5). A total of 516 patients were eligible for the study, and all were contacted by
telephone. Half of the patients (50%) did not answer the call after numerous attempts, and
16% responded it was a wrong number. Of the 176 patients that answered the telephone,
27% stated that they were not interested, and 73% consented to participate in the study.
The final study sample was 129 patients.

Figure 5. Flow diagram of patient screening and recruitment. *Other included patients
with fractures at other body sites in addition to lower extremity fractures.
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Sample characteristics
Demographic and clinical characteristics of patients with and without chronic pain
are presented in Table 4. The youngest patient was 21 years old, and the oldest was 77
years old. A majority of patients were white (72%), male (73%), and presented with
fibula and/or tibia fractures (66%). The most common mechanisms of injury were motor
vehicle and motorcycle accidents (40%) and a fall from a height (50%). The falls
included patients falling from a height or slipping on ice. The mean number of AIS scores
per patient was 3.8 (SD = 2.0) with the lowest score being one and the highest ten. The
shortest length of stay was 1.1 days, and the longest was 14.5 days with an average length
of stay of 3.7 (SD = 1.2) days. A majority of patients (90%) had a surgical procedure
performed to repair the injury. No statistically significant differences were identified
between those with and without chronic pain based on demographic and clinical
variables.
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Chronic pain
At the time of enrollment 101 (78%) patients reported pain at the site of injury
(Table 5). Patients were enrolled anywhere from six to 45 months following injury with
60% of patients enrolled within two years of injury. The mean characteristic pain
intensity score from the CPGS was 10.7 (SD = 8.6); the lowest individual mean was one,
and the highest was 30. Current pain (M = 2.4, SD = 2.7) and average pain (M = 3.1, SD
= 2.7) in the last three months was mild, while worst pain was moderate (M = 5.1, SD =
3.6). More than half of patients (61%) reported pain every day. Of the 33 patients that
took medication for pain, 39% took it routinely and the remainder only during pain. Onefourth (24%) of the patients had chronic pain diagnosed by a healthcare provider; for half
of the patients this was a preexisting chronic pain condition and for the other half if was
chronic pain that occurred after the injury.
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A total of 2,330 pain scores were available from the patient care daily record for
analysis. Of the 129 patients enrolled, 51 had pain scores documented outside the 0-10
NRS, totaling 94 pain scores. Twenty-four pain scores were documented as a score
falling between two whole numbers, 34 as the patient is asleep, 12 as patient denies pain,
ten scores were higher than the cutoff of 10, and 13 were illegible.
Pain characteristics during hospitalization based on chronic pain status are
detailed in Table 6. In this sample, patients with chronic pain had a statistically higher
mean pain score (5.1 vs. 4.2) for the duration of the hospital stay, and higher first pain
score (5.6 vs. 3.4) in the unit they were transferred to following stabilization in the
trauma resuscitation unit compared to those without chronic pain. The lowest mean pain
score for an individual patient was zero, and the highest was 9.71. The effect sizes when
comparing patients with and without chronic pain were were large for the first pain score
(= 0.79) and small for mean pain score (0.49); this was based on Cohen’s d. Patients with
moderate to severe pain during hospitalization (69%) were more likely to report chronic
pain (74%) compared to those with no or mild pain (26%), x2 (1, n = 129) = 4.949, p =
0.026. There was no difference in chronic pain based on time since injury at time of
enrollment in the study.
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Patients with and without chronic pain were similar with respect to their pain
trajectories and whether their pain improved or did not improve during hospitalization.
The estimated intercept for the sample was 5.143, and the estimated slope was -.012
(50% CI = -.022, -.003), indicating that the average pain for the trauma population at the
start of hospitalization was moderate and improved throughout the hospitalization. For
54% of the patients the pain got worse from admission to discharge during
hospitalization. Interestingly, comparing patients with similar pain scores during
hospitalization revealed that they could have either a positive, flat or negative pain
trajectory (Figure 6).
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Figure 6. The mean pain score does not predict resolution of pain. Patients with similar
mean pain scores can have positive, flat or negative pain trajectories during
hospitalization. Hours = time from first pain score recorded in the patient care daily
record. NRS = numeric rating scale.
The Joint Commission (2011) advocates that pain be assessed and documented at
regular intervals. Since the pain scores in many institutions are collected with the vital
signs, they end up being collected and documented every four hours. The time to first
pain score documented, average number of routine pain scores documented during a 24hour period and having a pain score documented at least every four hours during
hospitalization were not significant. The shortest period from admission to the first pain
score recorded post-transfer from the trauma resuscitation unit to the inpatient unit was
four hours, and the longest was 45 hours; the mean was 15.5 (SD = 13.2). The time
interval between pain scores varied from one to 32 hours (M = 3.9, SD = 2.59); 68 % of
patients had a pain score recorded at least every four hours. The highest number of pain
scores documented for an individual patient was 73, and the lowest was four.
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3.4 Discussion
In this study, 78% of patients with lower extremity injuries reported chronic pain
at the site of injury six months to four years from the time of the trauma. Patients with
chronic pain had higher mean pain score, higher first pain score, and higher last pain
score during hospitalization compared to patients with no chronic pain. There was,
however, no difference in patients with and without chronic pain based on whether their
pain improved or did not improved based on the pain trajectory.
High acute mean pain scores have been found to be a risk factor for chronic pain
following an injury at four months (M = 7.5 vs. 5.5) (Trevino, 2014) and twelve months
(M = 5.3 vs. 3.8) (Holmes et al., 2010). Since high postoperative pain has been found to
be associated with chronic pain following elective surgical procedures (Althaus et al.,
2013; VanDenKerkhof, Peters & Bruce , 2013), and a majority of trauma patients
undergo surgical procedures, the mechanism producing a high mean pain score could be
similar. However, a major difference between pain following a trauma-induced injury
and elective surgery is that elective surgical procedures often include analgesia and
education related to pain management prior surgery. Preemptive analgesia and pain
management education are not possible prior to a traumatic event because traumas are
inherently unpredictable (Radresa et al., 2014). Consequently, the administration of
analgesics can only occur following a traumatic injury. Thus, the focus of pain
management becomes controlling pain that began prior to admission rather than
preventing pain from occurring (Radresa et al., 2014). An additional factor that makes it
difficult to determine the source of posttraumatic chronic pain is that patients have
difficulty distinguishing whether the pain is related to the original injury or the surgical
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procedure performed to correct the damage. Future studies including both biological (i.e.
nerve injury) and psychological factors (i.e. pain catastrophizing) in injury and surgical
patient populations would provide insight into the relationship between pain intensity and
injury.
Admission (M = 5.9, SD = 2.2) and discharge (M = 5.0, SD = 2.7) pain scores
have been reported to be moderate in trauma patients (Berben et al., 2008). The lower
admission pain scores found in this study could be because patients were limited to lower
extremity injuries with minimal to no involvement of other body regions. A higher
number of pain sites have been associated with higher pain (Rivara et al., 2008). In this
study, we were able to correlate a single pain score collected at a specific time
(admission) with chronic pain status. In a study by Jensen, Hu, Potts & Gould (2013) a
single 24-hour pain recall rating was as valid for detecting treatment effects as a
composite score made up of two to nine different ratings. This finding could be because
clinical pain is not experienced as a constant, but varies over time, and patients end up
summarizing their experience into a single number rating (van Wijk & Veldhuijzen,
2013). Watkinson, Wood, Lloyd & Brown (2013) underscores this thought by stating
that, as with other psychophysical judgments, real-time momentary pain judgments could
be relative. Pain judgment depends on how a stimulus compares with other painful
experiences. Pain is a cognitive judgment process that takes into account the rank
position of a painful stimulus and its proximity to the high or low extreme of the range of
stimuli. Thus, the pain trajectory more closely approximates the course of pain during a
specified period. However, what was somewhat surprising in this study was that the pain
trajectory was not associated with chronic pain, though the mean, and first pain scores
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were. This finding could be due to the individual pain scores being low even though the
slope was positive. Also, the pain course calculated during hospitalization might be too
short to predict a dependent variable accurately.
In this study, the frequency of pain score documentation was not associated with
chronic pain suggesting that other factors (i.e. biological) might be more predictive of
long-term treatment response. This conflicts with what has been reported to be the most
common reason for the undertreatment of pain during hospitalization, which is the failure
of clinicians to assess pain and pain relief (The Joint Commission: The National
Pharmaceutical Council, 2001). Pain assessment of hospitalized patients is sporadic and
lingers around 52% to 59% (Brown et al., 2003; Ware, Epps, Clark, & Chatterjee, 2012).
In a study of trauma patients in an emergency room, 60% of patients who had pain scores
documented received analgesics compared to 33% of patient who did not have pain
scores documented (Silka, 2004). However, one study that examined patients with
fractures did not find a difference in the administration of analgesia between those with
and without pain scores documented (Brown et al., 2003).
Limitations of this study were the small sample size and retrospective study
design, which makes it difficult to establish cause and effect. Also, any significant effects
seen from individual tests should be considered tentative, given the number of individual
analyses that were conducted on this data set. As for calculating the pain trajectory, the
higher the number of data collection points, the more accurate the trajectory and one
patient in this study only had four pain scores recorded in the patient care daily record. It
is also possible that not all pain scores obtained during assessment were documented.
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Response bias always a possibility in retrospective cross-sectional studies; we attempted
overcome this by contacting patients during different times of the day.
3.5 Conclusion
In this study many patients with lower extremity injuries reported chronic
following injury. While a high mean pain score was a risk factor, there were no
differences regarding their pain trajectories. Despite the limitations of this study, it
contributes valuable information about acute pain and how it might be associated with
chronic pain. Understanding how high pain intensity at the time of injury is related to
chronic pain is important so that patients at risk of experiencing both acute and chronic
pain can be identified early on in the treatment process.
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Chapter 4: Quantitative sensory and current perception threshold testing in patients
with chronic pain following lower extremity injuries
4.1 Introduction
Chronic pain is a significant problem for patients with traumatic injuries
(Jenewein et al., 2009; Williamson et al., 2009), especially for those with injuries to the
lower extremities (Rivara et al., 2008; Williamson et al., 2009). The consequences of
chronic pain in trauma patients such as a high incidence of physical disability and posttraumatic stress disorder, absence from work, frequent health care visits, high levels of
pain intensity, anxiety, and depression (Stålnacke, 2011; Jenewein et al., 2009), are
known. What remains unclear is the type of chronic pain experienced by this patient
population.
Pain following injury can be nociceptive, neuropathic or a combination of both
(Curran & Brandner, 2005). In nociceptive pain, the neural pathways are activated in
response to noxious (potentially tissue-damaging) stimuli and the pain usually dissipates
as the injury heals (Beard, 2012). In neuropathic pain, there is damage to the nervous
system (Beard & Aldington 2012; Curran & Brandner, 2005), which can lead to
spontaneous pain and multiple positive and negative somatosensory signs such as thermal
and mechanical hyperalgesia, allodynia, hypoesthesia, and hypoalgesia (Maier et al.,
2010).
While the exact mechanisms of how acute pain transitions to chronic pain are not
known, certain phenomena such as pain hypersensitivity with associated changes in the
pain pathway have been identified in chronic pain conditions (i.e. fibromyalgia,
osteoarthritis, headaches and temporomandibular disorders; Hawker et al., 2011).
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Symptoms of pain hypersensitivity such as allodynia (i.e., pain response to a normally
non-noxious stimulus) and/or hyperalgesia (i.e., increased pain response to a normally
noxious stimulus) can occur through peripheral and/or central sensitization mechanisms
(Woolf, 2011). Peripheral sensitization refers to a neural response where a reduction in
threshold and an increase in responsiveness occur in primary afferent neurons (Woolf,
2011). This sensitization during the acute phase of an injury is thought to occur so that
subsequent stimuli are intensified leading to guarding the injured area to prevent further
damage. Heightened peripheral sensitivity returns to baseline as the injury heals
(Latremoliere & Woolf, 2009). An uninterrupted surge of activity, such as what occurs at
the time of a traumatic injury, may trigger changes in neurons and result in pain
hypersensitivity. Whether increased pain sensitivity occurs in trauma patients with
chronic pain following a lower extremity fracture remains unclear. Examining whether
trauma patients with chronic pain following lower extremity injuries report symptoms of
hypo- or hypersensitivity to a variety of innocuous and noxious stimuli will increase the
existing knowledge related to biological mechanisms associated with chronic pain.
Recent studies have identified several testing procedures that can be used to
examine peripheral sensory fiber function. Quantitative sensory testing (QST) is a
specific set of objective testing procedures that record a participant’s response to
mechanical (detection threshold for touch and vibration; pain sensitivity for pinprick and
blunt) and thermal (perception and pain thresholds of cold, warm/hot) stimuli. QST can
be used to detect sensory loss (e.g., hypoesthesia, hypoalgesia) or sensory gain (e.g.,
hyperaesthesia, hyperalgesia, allodynia) in large and small sensory fibers (Rolke et al.,
2006). Current perception threshold testing (CPT) has recently been developed to non-
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invasively measure sensory nerve activation thresholds and quantify the functioning of
both unmyelinated and myelinated sensory nerve fibers. CPT determines the lowest level
(threshold) of electrical current that triggers a painless sensation (Neurometer CPT/C
Operating Manual, 2007). CPT uses three different frequencies of electrical current to
stimulate each of the three sensory fiber types individually. Large myelinated Aβ fibers
are stimulated at 2000 Hz, small myelinated Aδ fibers at 250 Hz, and small unmyelinated
C fibers at 5 Hz (Katims et al., 1991). When compared to established normative values,
increased CPT measures indicate hypoesthetic sensory function that requires more
current to trigger a sensation and can be attributed to neuropathy. Decreased CPT
measures indicate hyperesthetic sensory function that requires less current to trigger a
sensation is often attributed to neuritis (Katims et al., 1991). Using the QST and CPT
measures to examine the peripheral nerve function in lower extremity trauma patients
would be novel and provide valuable information regarding potential contributing factors
leading to chronic pain in this population.
Little has been done to characterize the chronic pain experienced by trauma
patients with lower extremity fractures, and the status of changes to peripheral nerve
function remain unclear. The purpose of this study was to document the presence or
absence of hypo-or hypersensitivity to innocuous and noxious mechanical and thermal
stimuli using QST and CPT in a cohort of trauma patients with lower extremity injuries
and healthy controls. Further, this study will characterize attributes of the chronic pain
that these patients experience.
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4.2 Methods
Design and sample
This was a cross-sectional cohort study of participants with lower extremity
injuries and healthy controls. Following Institutional Review Board approval, participants
were enrolled from a concurrent study examining acute pain trajectories and chronic pain
following lower extremity injuries (Griffioen et al. 2015). Inclusion criteria for
participants was at least one trauma induced lower extremity fracture, 21-years old, an
abbreviated injury scale (AIS) score of 1-5 for lower extremities and < 3 for other body
systems, at least six months and no more than four years since the injury at the time of
enrollment, be able to speak and read English, and have a telephone number on file. The
AIS score ranks injuries anatomically on a scale of one to six with one being minor and
six unsurvivable (Trauma.org, 2007) and the total number of AIS scores a patient
receives correlates with the number of injuries sustained. Patients with a first listed
diagnosis of hip fracture related to a fall from the same level, fractures at other body sites
than lower extremities, head injury, admitted to the intensive care unit, an injury that
resulted in an amputation, and/or were admitted longer than 24 hours after injury were
excluded.
Healthy participants as a control group were enrolled via advertisement. Inclusion
criteria were 21-years and older and able to speak and read English. Exclusion criteria
included history of lower extremity fractures or a diagnosis of peripheral neuropathy. The
clinic visit lasted approximately 2.5 - 3 hours and all participants received a $75 gift card
and a parking pass. IRB approval was obtained prior to collecting any data.
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Participant measures
Following obtaining written consent, participants were asked to rate their current
health on a scale from excellent to poor, whether they had ever been diagnosed with a
chronic pain condition and if they were currently taking medication for pain. Two
different pain assessment questionnaires were used to assess their pain: the Chronic Pain
Grading Scale (CPGS) and the Short-Form McGill Pain Questionnaire-2 (SF-MPQ-2).
The CPGS measures chronic pain as a function of pain intensity and pain-related
disability (von Korff., Ormel, J., Dworkin, 1992). The first item asks about the number of
days in the last six months the participant has experienced pain. The remaining eight
items are scored on an 11-point Likert scale with responses ranging from 0 – 10. The sum
of items 2 – 4 (current, worst, and average pain in the last three months) provides the
characteristic pain intensity. Items 5 – 8 (days unable to do usual activities, pain
interference with daily, recreational/social/family, and work activities) provides a
disability score related to the pain (von Korff et al., 1992). The subscale scores for pain
intensity and disability are further combined to calculate a chronic pain grade. The pain
grade classifies the subjects into one of five hierarchical categories: Grade 0: pain-free;
Grade I: low disability – low intensity; Grade II: low disability – high intensity; Grade
III: high disability – moderately limiting; and Grade IV: high disability – severely
limiting. The participant was asked to focus on pain related to the site of injury. The
CPGS has been shown to be a valid and reliable instrument (Cronbach’s alpha 0.74) to
assess chronic pain (von Korff et al., 1992; Elliott, Smith, Smith, & Chambers, 2000) and
it has been used to assess for pain in patients with traumatic injuries (Castillo,
MacKenzie, Wegener, & Bosse, 2006; Rivara et al., 2008).

	
  

60	
  

The SF-MPQ-2 measures the qualities of neuropathic and non-neuropathic pain
felt in the last week (Dworkin et al., 2009). The 22 items measure four dimensions of
pain: (1) continuous pain (throbbing, cramping, gnawing, aching, heavy, tender); (2)
intermittent pain (shooting, stabbing, sharp, splitting, electric shock, piercing); (3)
neuropathic pain (hot-burning, cold-freezing, light touch, itching, tingling pins and
needles); and (4) affective descriptors (tiring-exhausting, sickening, fearful, punishingcruel) (Dworkin et al., 2009). Each descriptor is scored on a numeric rating scale from 010. The total score is a mean of all SF-MPQ-2 item ratings and each dimensions’ score is
calculated by taking the mean of the item ratings specific to the dimension (Dworkin et
al., 2009). A lower score indicates lower pain. The SF-MPQ-2 has good internal
consistency (Cronbach’s alpha = 0.96) (Lovejoy, Turk, & Morasco, 2012) as well as
reliability (Cronbach’s alpha = 0.91) (Dworkin et al., 2009) and has been used to assess
for chronic pain following traumatic injury (Clay et al., 2010).
The Beck Depression Inventory-Second Edition (BDI-II) measured depressive
symptoms and severity. It includes items measuring cognitive, affective, somatic, and
vegetative symptoms of depression and has a recall period of two weeks (Smarr &
Keefer, 2011). The BDI-II contains 21 items with each item rated on a 4-point scale
ranging from 0 (not at all) to 3 (extreme). The depression score is calculated by summing
the ratings of the 21 items, and the total score can range from 0 to 63. The BDI-II has
high internal consistency (Cronbach’s alpha = 0.92) in patients with chronic pain (Harris
& D’Eon, 2008).
The State-Trait Anxiety Inventory (STAI) evaluates the current state aspects of
anxiety (subjective feelings of apprehension, tension, nervousness, worry and
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activation/arousal of the autonomic nervous system) and the stable trait aspects of anxiety
(calmness, confidence, security) (Julian, 2011). The responses to the 20 items of the state
anxiety section assesses the intensity of feelings at the current moment and has the
participant choose between four different options for each item: 1) not at all, 2)
somewhat, 3) moderately so and 4) very much so (Julian, 2011). The 20 items of the trait
anxiety section assess general feelings, and the subject chooses between four different
options: 1) almost never, 2) sometimes, 3) often or 4) almost always (Julian, 2011). The
item scores are added to obtain subtest total scores, which range from 20 to 80 for each
subtest. A higher score indicates higher anxiety (Julian, 2011). Internal consistency and
(Cronbach’s alpha = 0.95) validity is high (r = 0.85) (Julian, 2011). The STAI has been
used to evaluate anxiety in patients with chronic pain (Newcomer, Shelerud, Vickers
Douglas, Larson, & Crawford, 2010).
Quantitative sensory testing (QST)
QST consisted of mechanical detection thresholds for touch and vibration, ability
to differentiate between pinprick and blunt pressure, thermal detection thresholds for
perception of cold and warm stimuli, thermal pain thresholds for cold and heat stimuli,
and pressure pain. The inside of the calf centered between the knee and the ankle was
used as the test area. The area to be tested was marked and testing proceeded in the above
order. Participants were asked to keep their eyes closed during the mechanical detection
threshold portion of testing.
Mechanical detection threshold and sensitivity
Mechanical touch thresholds were tested using a standard set of 20 SemmesWeinstein monofilaments, which are calibrated to bend at a specified amount of force
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(0.008 gm. - 300 gm.; Touch Test Sensory Kit, myNeurolab.com). Testing proceeded in
ascending order where the fiber was applied perpendicular to the testing site until it just
bent and was then held in place for 1 second and removed. Each fiber application was
repeated three times with a one-second break between stimuli. If the participant was able
to detect the application of the fiber in at least one out of three trials, the testing stopped
and this fiber was recorded as the mechanical detection threshold.
Pinprick detection was completed using a sterile pointed tip from a reflex hammer
(sharp stimulus) and a sterile paper clip that had one end bent at 90° away from the clip
body to form a probe (dull stimulus). After each application of the stimulus, the
participant was asked to identify whether the sensation was sharp or dull. A total of six
applications were administered in a random order. The percentage of correct responses
was calculated as the pinprick detection threshold.
A graduated tuning fork (Rydel-Seiffer, US Neurologicals) was used for vibration
detection. The tuning fork was set to vibrate and placed on the tibia midway between the
knee and ankle with the markings facing away from the participant. During the test, the
participant was asked to report when the vibration was no longer felt. The number on the
calibrated weight that was nearest to the intersection of the triangles was recorded as the
vibration detection threshold. This test was performed three times and a mean score
calculated.
Thermal detection and pain threshold
Thermal threshold testing was done using the Medoc Pathway Pain and Sensory
Evaluation System (Medoc, Israel). A thermode with a 9 cm2 surface area was placed on
the test site. The baseline temperature of the thermode was set to 32°C and the
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temperature was increased or decreased from 32°C with a 1°C/s ramp. For safety,
automatic cut-off temperatures of 0°C and 50°C were programmed into the thermal
stimulator. The participant was instructed to press the stop button at the first sensation of
cold, cold pain, warmth, heat pain and maximum heat pain tolerated. The mean detection
threshold temperatures were calculated from three consecutive measurements.
Pressure pain threshold
The Medoc Pressure Algometer (Medoc, Israel) application surface (flat rubber
tip 1 cm2) was placed on the test site and the participant was instructed to indicate a first
pain sensation by pressing a button. Pressure was increased at a steady rate (0.3 kgF/s)
until the participant pressed the button or the stimulus reached 6.11 kgF (600 kPa). Five
trials were administered and the mean of two closest values was recorded as the threshold
estimate.
Current perception threshold
A standardized automated double-blind testing methodology was used to for CPT
testing. A pair of 1 cm gold electrodes, separated by 1.7 cm, were coated with a thin layer
of conductive electrode gel and taped to the test site. Before the actual test, an automated
intensity alignment procedure to narrow down the range of possible measures was
conducted. The participant was instructed to press a button a stimulus at the site of the
electrode was felt. Once the alignment procedure was complete, testing proceeded at
2000 Hz, 250 Hz and 5 Hz. The participant was presented with randomly generated pairs
of real and placebo (no current) stimuli, and they were asked to identify which of the two
stimuli was real. Based on the response, the CPT device adjusts the output level of the
stimulus current and randomly generates a new testing order for the next pair of tests in
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the series. Physiological definition of the exact threshold level was the lowest stimulus
that a participant was able to perceive 50% of the time.
Data collection
Data from the questionnaires, test results and medical records were entered into a
Qualtrics database. Qualtrics Labs (2250 N. University Pkwy, 48-C, Provo, UT 84604) is
a web-based software program where data are encrypted, password protected and
maintained on secure servers at a state-of-the-art storage facility. Variables collected
from medical records included age, gender, race, length of stay, mechanism of injury,
fracture site, AIS scores, and whether they had a surgical procedure to repair their injury.
Data analysis
Analyses were conducted using SPSS 22.0 (IBM SPSS Statistics for Windows,
Version 22.0. Armonk, NY: IBM Corp.). Summary statistics included the mean, standard
deviation, and range for continuous variables and frequencies and proportions for
categorical variables. Mann-Whitney U test, chi-square test of independence and Fisher’s
exact was used to calculate group differences.
Sample size
No published articles reporting the use of QST in patients with lower extremity
trauma was found, so this study served as a pilot study to determine feasibility of sensory
testing in patients with lower extremity injuries.
4.3 Results
Participant characteristics
A total of 14 cases and 28 controls were consented and completed questionnaires
and testing for this study. Cases and controls (healthy participants) were similar with
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respect to age, gender, race, and history of a chronic pain diagnosis not related to the
injury (Table 7), but did differ in their current health rating (p = 0.016) and currently
taking pain medication (p = 0.009). Four cases reported currently taking pain medication,
and two cases rated their health fair to poor. The mean time since injury at the time of
testing for cases was 22.3 (SD = 12.1) months with the shortest being 10 months and the
longest 39 months. Almost all cases (86%) had experienced fibula/tibia fractures alone or
in combination with other lower extremity fractures. While cases were statistically more
depressed (M = 8.8, SD = 6.7) compared to controls (M = 1.5, SD = 1.9; t (40) = 04.028,
p = 0.001), there were no differences in state or trait anxiety
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Chronic pain
All cases reported having chronic pain at the time of testing (Table 8). The mean
characteristic pain intensity score from the CPGS was 16.2 (SD = 5.0) or high intensity;
the lowest score reported by an individual patient was seven (low intensity) and the
highest was 25. The mean disability score was 17.6 (SD = 9.9) or moderately limiting
with a low score of six and high score of 35. For 43% of the cases, the pain from the
injury caused high interference and was moderately to severely limiting.
Based on the SF-MPQ-2, the total mean pain score in the last week prior to testing
for cases was 4.3 (SD = 1.5). The minimum score was 1.9 and the maximum was 6.3. For
the subscales, the lowest score was reported for the affective descriptors (M = 3.1, SD =
2.9) and the highest was for the continuous descriptors (M = 4.2, SD = 2.1). The most
frequently chosen descriptors by cases were tenderness (11) followed by throbbing (10),
sharpness (10), tingling (10), and numbness (10) ( Figure 7). Cold, freezing, and
sickening were each only picked once. The highest intensity was reported for aching (M
= 4.64, SD = 3.61) followed by throbbing (M = 3.71, SD = 3.0) and shooting (M = 3.43,
SD = 2.9).
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Affective

Figure 7. (A) Number of SF-MPQ-2 pain descriptors chosen by cases. (B) Mean pain
intensity score for SF-MPQ-2 descriptors chosen by cases.

Quantitative sensory testing
QST results for mechanical detection thresholds were similar between cases and
controls for touch, vibration, and pinprick as well as pressure pain. The mechanical
detection threshold median value was 4.17, which equals a target force of 1.4 grams. The
average vibration detection threshold mean and median was both 6.0 with a minimum
score of 4.0 and maximum 7.5. For pinprick detection, 28% of cases and 43% of controls
were able to guess correctly whether the stimulus was sharp or dull every time. For
pressure pain, the mean was 253 kPa for both cases and controls.
For thermal detection and pain threshold, one case did not record a response for
either cold or warm temperatures and was therefore excluded from analysis. There were
no differences in cold sensation or cold pain between cases and controls. The lowest cold
detection threshold for an individual case was 14.5°C, and for a control was 11.9°C. The
lowest temperature recorded for cases and controls for cold pain was 0°C (maximum cold
temperature); the cold was never reported as painful. The warmth detection threshold was
statistically different between cases (Md = 36.5, n = 13) and controls (Md = 33.2, n = 28),
U = 101.5, z = -2.256 p = 0.024), but no differences were found in regard to heat pain and
heat tolerance thresholds (Figure 8).
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Figure 8. A statistically significant difference was found between cases and
controls when comparing warmth detection thresholds.
Current perception threshold
During CPT testing, the Neurometer indicated inconsistent responses for five
cases at 2000 Hz, two cases at 250 Hz and two cases at 5 Hz and one control at 2000 Hz;
one case had inconsistent responses at all three frequencies. Inconsistent responses can
occur when a participant does not meet the minimum requirement for correct responses
within set parameters of stimulus-response (Neurotron Incorporated, 2007). It is currently
not clear why so many of the cases had an inconsistent response. For one case, no
responses were recorded during CPT, as there was inadequate contact between the
electrode and the skin; this could occur as a result of excessive tissue resistance due to
skin changes (Neurotron Incorporated, 2007). The final number of cases tested at 2000
Hz was 8, 11 at 250 Hz and 11 at 5 Hz.
The Mann-Whitney U test revealed a significant differences in stimulus-response
at 2000 Hz between cases (Md = 292, n = 8) and controls (Md = 122, n = 27; U = 26.5; z
= 3.15, p < 0.001) and at 250 Hz between cases (Md = 76, n = 11) and controls (Md = 35,
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n = 28; U = 57.0; z = 3.03, p = 0.002). However, there was no difference at 5 Hz (Figure
9) and plotting stimulus response by individual case based on time since injury did not
reveal any clear trends (Figure 10). The participants were asked to describe the sensation
that accompanied each frequency using the SF-MPQ-2 pain questionnaire. Tingling was
the most frequently chosen descriptor by both cases and control at 2000 Hz. At 250 Hz
the most frequently chosen descriptor by cases was stabbing and by controls it was
tingling. Tingling was the most frequently chosen descriptor by both cases and control at
5 Hz.
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Figure 9. Current perception threshold boxplots for cases and control at 2000 Hz, 250
Hz, and 5 Hz frequency.
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Figure 10. Current perception threshold measures in cases by time since injury.
(A) CTP response at 2000 Hz (n = 34), (B) CPT response at 250 Hz (n = 39),
(C) CPT response at 5 Hz (n = 39).
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CPT descriptors at 250 Hz
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CPT descriptors at 5 Hz
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Figure 11. CPT descriptors by groups. (A) Tingling was the most frequently chosen
descriptor by both cases and control at 2000 Hz. (B) At 250 Hz the most frequently
chosen descriptor by cases was stabbing and by controls tingling. (C) Tingling was the
most frequently chosen descriptor by both cases and control at 5 Hz.
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4.4 Discussion
This study examined sensory abnormalities in patients with chronic pain
following traumatic lower extremity injuries. A significant difference between cases and
controls was found in warm detection thresholds with cases reporting a higher threshold.
Cases also exhibited an increased CPT measure for Aβ and Aδ fibers. These results could
indicate a hypoesthetic function in patients with chronic pain following lower extremity
injuries.
This finding corresponds with a study that used QST to examine sensory function
in patients with a painful, traumatic partial nerve injury where the most common
dysfunction was hypoesthesia (Leffler & Hansson, 2008). In contrast, in a study by Maier
et al. (2010) thermal and mechanical hyperalgesia were most common in peripheral nerve
injury. It is likely that chronic pain patients present with both negative and positive
sensory signs (Maier, 2010). The results of this study showing differences in only warmth
detection thresholds and not other sensations could be that all but warmth detection had
returned to pre-injury levels. Following nerve injury and subsequent abnormal sensation,
sensations come back at stages starting with cooling and followed by cold pain, heat pain,
mechanical pain, touch and warmth last (Van Boven & Johnson, 1994). What further
complicates the ability to compare studies is that the body region tested has an effect on
the results. When the face is tested, it will show higher sensitivity compared to the foot
(Rolke et al, 2006). Many studies also test the most painful area (Geber et al., 2010;
Maier et al., 2010; Leffler & Hansson, 2008), but if there is evidence of central
sensitization, an area distant from the affected area might be a better choice. Also, when
comparing results to normative values, each body region requires site-specific QST
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reference data (Rolke et al, 2006); currently no normative values related to the calf have
been published. Another limitation of this study is that some of the patients took
medication for their pain, which could have an effect on the results. Studies have reported
a global increase in sensitivity to noxious thermal stimuli in patients taking opioids
(Zhang, 2014), but it is currently not clear what the minimum dose or length of opioid
therapy that could induce opioid induced hyperalgesia (Low, Clarke & Huh, 2012).
Further studies with larger sample sizes are needed to be able to report conclusive results
related to QST in patients with lower extremity injuries.
CPT has mainly been used to examine peripheral neuropathies following diabetes
(Lv et al., 2015, Nather, 2008; Rendell, 1989), chemotherapy (Griffith et al, 2014), and
carpal tunnel syndrome (Katims et al., 1991). Patients with neuropathies report
symptoms of numbness and tingling, sharp or burning pain and sensitivity to touch
(Watson & Dyck, 2015). In this study, the most common symptom pain descriptors
chosen were similar to neuropathic pain such as throbbing, sharpness, tingling and
numbness, which could imply that the pain is neuropathic. However, in previous
neuropathy studies, the CPT measures were decreased compared to normative values and
controls suggesting hyperesthesia (Ziccardi et al., 2011). In this study, the CPT measures
were increased compared to the controls suggesting hypoesthesia. One possible
explanation for this difference could be the choice of testing location near the site of
injury where the combination of trauma and surgery could caused significant nerve
damage and denervation. A study examining hand-arm vibration syndrome showed an
increase in CPT measures and previous histological studies found demyelination in the
peripheral nerves in this population (Kurozawa, Hosoda & Nasu, 2010). Demyelination
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can occur as the result of an inflammatory process (i.e. multiple sclerosis), viral
demyelination (i.e. progressive multifocal leucoencephalopathy) or compression-induced
myelination (i.e. trigeminal neuralgia; Love, 2006). Nerve biopsies in patients with lower
extremity injuries could provide vital information as to the pathophysiology of neurons
following injury. Conducting future studies using both QST and CPT to examine chronic
pain following traumatic injuries is important in that CPT reflects the function of afferent
fibers and QST reflects the function of both skin receptors and afferent fibers
(Lowenstein, Jesse & Kenton, 2008). Combining the data from both testing paradigms
will increase the reliability of results.
This study had several limitations in addition to those that were mentioned above.
There was a small sample of cases and the testing was done at different time points
following injury. We also cannot exclude the possibility that certain physiological,
psychosocial, or unknown factors that were not measured had an effect on the tests.
Future studies will use a prospective design with an adequately powered sample size that
will minimize many of the weaknesses in this study.
4.5 Conclusions
This is the first study to examine sensory function at the site of injury in patients
with chronic pain following lower extremity injuries using QST and CPT. In spite of the
limitations, this study did suggest that patients with chronic pain following lower
extremity injuries may experience hyposensitivity. A future longitudinal study where
QST and CPT can be done at several time points would minimize some of these
limitations in addition to provide data on how sensory functions changes as the injury
heals.
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Chapter 5: Summary, Strengths, Limitations, and Recommendations
5.1 Summary
Chapters two, three, and four detail the three manuscripts fulfilled as a
requirement of this dissertation. The pilot study described in chapter two titled
“Characteristics of Lower Extremity Trauma Patients with Improved and Not Improved
Pain During Hospitalization: A pilot study” guided the design of the dissertation study
detailed in chapters three and four. The purpose of this pilot study was to determine the
feasibility of abstracting the data of interest from medical records. The pilot study
confirmed that the numeric pain rating scale was consistently used to assess pain intensity
and pain scores with associated date and time stamps were accessible from both
electronic and handwritten medical records. Also, missing data was not an issue, there
was variability in pain scores that could be analyzed, and it was possible to calculate pain
trajectories from routinely collected pain scores during the inpatient hospital stay.
The second manuscript titled “Examining the association between pain during the
immediate hospitalization following lower extremity injuries and chronic pain” revealed
that many (78%) patients with lower extremity injuries reported chronic pain at the site of
injury six months to four years following injury. This large number of patients with
chronic pain is significant in that chronic pain has many negative consequences. Persons
with chronic pain following injury report high incidence of physical disability, posttraumatic stress disorder, work absence, frequent healthcare visits (Jenewein et al., 2009),
high levels of pain intensity, anxiety, and depression (Stålnacke, 2011). The cost
associated with chronic pain is also astronomical (635 billion a year across etiologies;
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IOM, 2011). Consistent with other studies, high pain intensity at the time of injury was
associated with chronic pain in this study.
The third manuscript titled “Quantitative sensory and current perception threshold
testing in patients with chronic pain following lower extremity injuries" detailed the
results of sensory testing performed on patients with chronic pain (cases) and a cohort of
healthy controls. Cases reported increased warm perception threshold and increased CPT
measures suggesting hypoesthetic nerve function. This study is among the first to
examine sensory function at the site of a traumatic lower extremity injury and, therefore,
contributes important knowledge related to the underlying biological mechanisms
associated with chronic pain.
High pain intensity at time of injury
Pain intensity, a subjective measure describing the magnitude or strength of pain,
has been used to classify patients into high and low pain groups based on the mean pain
score. This classification can then be used to identify those at risk for high acute pain and
developing chronic pain (Holmes et al., 2010; Rivara et al., 2008). However, condensing
all of the pain scores across time to one number results in the loss of information
regarding whether the pain improves or not over time (Chapman, Donaldson, Davis, &
Bradshaw, 2011). One understudied area addressed by this dissertation was to conduct an
in-depth analysis of acute pain patterns during hospitalization and examine whether
specific patterns were associated with chronic pain following lower extremity injuries.
This phase of the study utilized strategies for categorizing patients into pain groups based
on either mean pain scores or pain trajectories.
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Consistent with other studies (Trevino, 2014; Holmes et al., 2010), patients with
moderate to severe pain (pain score ≥ 4) in this study were more likely to report chronic
pain. Conceptualizing high pain using a single pain score such as a mean pain score can
be problematic for several reasons. First, clinical pain is not experienced at a constant
intensity, but varies over time, which results in the patient summarizing the experience
into a single number rating (van Wijk & Veldhuijzen, 2010). Second, pain, as with other
real-time momentary judgments, can be relative and depends on how a stimulus
compares with other painful experiences from past experiences (Watkinson, Wood, Lloyd
& Brown, 2013). Third, pain intensity takes into account the rank position of a painful
stimulus and its proximity to the high and low extremes of the range of stimuli
(Watkinson et al., 2013). The mean pain score during hospitalization does not portray
how the patient responded to the treatment received over time and therefore it is not
possible to determine which treatment might be most efficacious for patients with lower
extremity injuries.
However, when categorizing patients into those whose pain improved and those
whose pain did not improve using growth curve modeling (GCM), we found that the pain
trajectory was not associated with chronic pain. Interestingly, during hospitalization, the
mean pain score did not predict whether pain improved or worsened as patients with
similar mean pain scores (M = 5.0) had either positive, flat or negative pain trajectories.
One possible explanation is that patients with consistently high pain scores could still
experience an improvement in pain over time and patients with relatively low pain scores
could experience worsening of their pain. Thus, creating pain trajectories using GCM is
still useful as it allows for the examination of change within two levels. The level-1
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analysis examines within-patient change and explores how the outcome changes over
time for each patient and the level-2 analysis focuses on between-patient differences and
examines which predictors may be associated with certain patterns of change (Curran,
Obeidat, & Losardo, 2011; Singer & Willett, 2003). Further analyses classifying patients
by pain trajectories based on whether the mean pain score was high or low may yield
more precise results. In addition, the within-patient fluctuation from one time point to the
next creating groups of patients with fairly stable trajectories or low fluctuations and
those with high fluctuations could reflect patients with better or worse outcomes. These
factors combined make it difficult to compare patients due to the subjective nature of the
pain score.
Sensory testing
With the use of different testing paradigms (QST, CPT), patients with chronic
pain have been found to demonstrate abnormal responses to innocuous and noxious
mechanical and thermal stimuli (Maier et al., 2010). QST testing in this study showed
that cases had significantly higher warm thresholds compared to cases, which could
indicate that other sensations had already returned to normal levels following the injury.
During CPT testing, cases exhibited an increased CPT measure for both Aβ and Aδ
fibers. These increased thresholds could indicate a hypoesthetic function in patients with
chronic pain following lower extremity injuries. However, due to the small sample size,
no definite conclusions can be drawn at this time.
Negative sensory signs such as the hypoesthesia found in this study may be
associated with central or peripheral neuronal damage, which may lead to ongoing pain
(Maier et al., 2010) Therefore, it is not clear whether the patients with chronic pain from
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injuries in this study experience pain related to peripheral or central sensitization. In this
study we focused on examining peripheral fibers, keeping in mind that the results could
be influenced by central changes. A novel finding in this study is the qualities of pain
reported by this patient population; the most common symptoms reported were similar to
those reported by patients with neuropathic pain: throbbing, sharpness, tingling, and
numbness suggesting a neuropathic condition. Although hypoesthesia was found in this
study, the sample size was small, therefore no definite conclusion can be made as larger
studies have shown that chronic pain patients present with both negative and positive
sensory signs and peripheral nerve injury patients have shown both cold hyperalgesia as
well as cold hypoalgesia (Maier, 2010). Further studies with larger sample sizes and a
prospective design are needed to elucidate the biological mechanisms associated with
chronic pain following traumatic lower extremity injury.
5.2 Strengths and limitations
A major strength of this study was the comprehensive assessment of trauma
patients with lower extremity injuries using medical records, patient-reported outcomes,
and objective sensory testing measures. The medical records provided access to
numerous demographic (i.e. age, race, gender), medical (i.e. chronic illness, allergies,
medications), and clinical (i.e. pain scores, treatment, consults) variables that could be
used to examine risk factors for chronic pain. Using pain trajectories to examine how
pain changes over time is novel in this population and provides an opportunity to
examine both within- and between-person changes. At the time of enrollment into the
first phase of the study, data on pain were collected using the CPGS questionnaire. The
CPGS provided information on chronic pain as well as disability associated with the pain.
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At the clinic visit during the second phase of the study, the patients completed the CPGS
again as well as the SF-MPQ-2. The SF-MPQ-2 focused on having the patient describe
the qualities of their pain at the site of injury. Also, depression and anxiety were
measured to control for confounding variables that could impact on the results during the
sensory testing. Sensory testing consisted of a battery of objective tests that are designed
to identify a variety of sensory deficits and gains. The results of these objective sensory
tests provide insight into the functional status of the peripheral sensory nervous system.
The cross-sectional study design provided both strengths and limitations. The
strengths of the cross-sectional design include only collecting data once (increases the
likelihood that patients will participate), the ability to measure multiple outcomes
(chronic pain, depression, anxiety, sensory function) and the descriptive data (medical
record review). A weakness of the cross-sectional design in this study is that it is not
possible to determine causality (temporal precedence), which is better accomplished
through a prospective study. In addition, non-response bias is an issue and it could be that
patients that did not enroll were different from those who enrolled especially in regard to
current pain status. It is possible that those with no pain were more likely to not answer
the phone as they had returned to work. Referring back to the biopsychosocial model,
pain is a complex subjective experience influenced by biological, psychological, and
social factors. Therefore, variables that were not included in data collection such as
genetics, access to care, expectation of pain treatment could have a major influence in the
transition from acute to chronic pain.
There were several additional limitations of this study. First was the small sample
size. The estimated sample size for this study to detect the odds ratio of developing
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chronic pain with alpha = 0.05 one-sided, and with sufficient power (≥ 0.8) was 263
subjects. This sample size was based on a logistic regression model of developing chronic
pain using mean pain scores. While we were able to detect group differences based on
mean pain score, this study was most likely underpowered to detect differences based on
pain trajectories. A prospective study that examined acute pain trajectories and chronic
pain following elective surgery (Althaus, 2013) enrolled 199 participants. This can be
minimized in a future study by enrolling participants from multiple sites to increase
enrollment. There was also considerable heterogeneity in the participants in this study
and therefore limiting a future study to only those with fibula/tibia fractures would
minimize this limitation.
Another area of weakness was in the sensory testing portion of the study.
Choosing the appropriate anatomical site of assessment is important. No previous studies
were found that performed sensory testing following lower extremity injuries, so this
study provided a first step in determining the optimal testing site. The inside area of the
calf was chosen as a testing site so to be able to test proximal to the site of injury.
However, many of the patients presented with extensive scarring of the leg and lower
extremity edema, which limited the testing area. It would be worth exploring a testing site
above the site of injury; the testing would still be in the same nerves, but not affected by
direct damage to the testing site. Also, no normative values related to testing the calf have
been published except for using von Frey fibers for mechanical thresholds (Kenshalo,
1968). It is crucial that data in future studies are collected in such a manner that gender,
race and age differences can be established and normative values obtained. Because this
was a cross-sectional design, the testing in this study was done at different time points
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following injury, which can be a source of unexplained variability in the results. A certain
amount of nerve regeneration normally occurs following an injury. However, in this
study it was not possible to determine whether the deficits noted were permanent or
temporary and whether these findings within patients change over time. It is also possible
that certain physiological, psychosocial, or unknown factors that were not measured in
this study had an effect on tests. Therefore, baseline measurement at the time of injury
would be important to control for these potential confounders and to determine changes
in sensory function that occur over time.
5.3 Recommendations
Research Implications
This study addresses the IOM (2011) recommendation for advancing pain
research through the collection and reporting of data on pain. This study is one of the first
studies that include multiple methods of data collection (chart review, patient reported
outcomes, objective sensory testing) in patients with lower extremity injuries. The data
from this study can be used to address another IOM recommendation, which is to
increase the conduct of longitudinal research in pain. A longitudinal study would collect
data on physiological (DNA, RNA, sensory nerve function, and nerve conduction) and
psychosocial (sleep, depression, catastrophizing, fear, access to care) factors associated
with the transition from acute to chronic pain in patients with lower extremity injuries. A
prospective longitudinal study would permit the examination of pain over time and
determine which variables are associated with improved or worsening of pain.
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Practice and policy implications
The frequency of pain score collection and documentation during hospitalization
might need to be revisited based on the results of this study and others (Brown et al.,
2003). Based on the idea that pain is the 5th vital sign, pain assessment is often done at
the same time as vital signs such as blood pressure and heart rate are collected; this
probably contributes to the practice of documenting pain every four hours. While The
Joint Commission (2011) does not explicitly state the frequency of pain assessment, they
do expect reassessment times to reflect evidence based medicine targeted to specific
populations. More studies are needed both in research and at the organizational to
determine what is the most efficacious assessment frequency for pain in patients with
lower extremity injuries.
Nurses are involved in the direct care of patients with acute/chronic pain. As such,
they are in an excellent position to improve patient quality of life by providing highquality patient care. Since assessment, treatment, and reassessment of pain is an integral
function of nursing care, nurses can determine at an early stage whether pain treatment is
adequate. If it is not, then, an alternate treatment can be initiated. Nurses are in an
excellent position to advance pain research as they are very well acquainted with pain
assessment and treatment and can this knowledge to design interventions to alleviate
pain. There is also the potential for new trauma-specific practice guidelines and
standardized protocols that can improve pain treatment.
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5.4 Conclusion
Despite its limitations, this study provided insight into the association between
acute pain characteristics and chronic pain as well as sensory function in patients with
lower extremity injuries. The mean pain score continues to be higher for patients with
chronic pain compared to patients with no chronic pain, but the exact mechanism of how
high acute pain is associated with chronic pain is not clear. Testing of sensory function in
this study did reveal higher warm detection thresholds and increased responses for Aβ
and Aδ fibers in cases compared to healthy controls. These increased thresholds could
indicate a hypoesthetic sensory nerve function in patients with chronic pain following
lower extremity injuries. However, due to the small sample size, no definite conclusions
can be made. A longitudinal study would minimize many of the limitations noted in this
study and would be extremely useful for establishing causal relationships and making
reliable inferences.
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Appendix A
Permission to use copyrighted material
Permission to use the Short-Form McGill Pain Questionnaire version 2 (SF-MPQ-2)
•   Permission to use the “SF-MPQ-2 © R. Melzack and the Initiative on Methods,
Measurement, and Pain Assessment in Clinical Trials (IMMPACT), 2009. All Rights
Reserved” was obtained on 4/18/2013 and 8/5/2014 from MAPI Research Trust,
Lyon, France. E-mail:PROinformation@mapi-trust.org – Internet: www.mapitrust.org ”
Permission to use the State Trait Anxiety Inventory (STAI)
•   Permission to use the “STAI - Adult Manual © 1983, 2015 Charles D. Spielberger.
All rights reserved in all media” was obtained on 6/24/2013 from
http://www.mindgarden.com
Permission to use the Beck Depression Inventory-II (BDI-II)
•   Permission to use the “BDI-II: Copyright © 1996 Aaron T. Beck. All rights reserved.
Pearson Executive Office 5601 Green Valley Drive Bloomington, MN 55437
800.627.7271 www.PsychCorp.com” was obtained on 6/24/2013 from
http://www.pearsonclinical.com
Permission to use the Chronic Pain Grading Scale (CPGS)
•   The CPGS Von Korff M, Ormel J, Keefe FJ et al. Grading the severity of chronic
pain, Pain 1992; 50:133-149. is available under Public Domain.
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