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Preface

From the beginning, it was my idea to create a book that covers a variety of pain
conditions seen by the rehabilitation specialist. I particularly wanted to include pain
conditions seen in an acute or subacute rehabilitation hospital, as well as in the out-
patient setting by the general physiatrist or the physiatrist subspecialized in Brain
Injury Medicine, Hospice and Palliative Medicine, Neuromuscular Medicine, Pain
Medicine, Spinal Cord Injury Medicine, and Sports Medicine.

This book is geared towards physiatrists in training or in early practice. It will
also serve as a resource for any medical, surgical, behavioral, or allied health pro-
vider who treats pain across the rehabilitation continuum. The chapters present both
biomedical and biopsychosocial perspectives, combining the multidisciplinary
approach used in Pain Medicine with the interdisciplinary approach used in Physical
Medicine and Rehabilitation. The book includes theory, clinical practice, and practi-
cal aspects of managing pain through rehabilitation.

Comprehensive Pain Management in the Rehabilitation Patient: A Reference
Guide covers many diagnoses in a deliberately succinct and specific format.
Each chapter includes a recommended reading list outside of specific references
used. This is to encourage the reader to explore more about any particular topic.
The book is divided into 14 parts, which cover the following topics: Introduction
to pain and a review of the multidisciplinary approach; Pain in the rehabilitation
patient, which covers many of the core settings of an acute or subacute rehabili-
tation hospital; Headache; Pain diagnostics; Medication; Injections and proce-
dures; Behavioral management; Complementary and alternative medicine;
Neuromodulation; Neuroablation; Surgical management of pain; Novel tech-
niques; Business and legal perspectives.



vi Preface

I am very grateful to the hard work of my colleagues and friends who authored
these chapters. They represent many different specialities and work in a variety of
settings. Their generous support of my work has made this book possible.

Finally, I would like to thank my editorial team at Springer. Their assistance was
invaluable in bringing this book to publication.

Providence, RI, USA Alexios Carayannopoulos, D.O., M.P.H.
Boston, MA, USA
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Chapter 1
Neuronal Signatures of Pain in the Rehabilitation
Patient

Theresa R. Lii and Carl Y. Saab

“To have pain is to have certainty; to hear about pain is to have
doubt.”

—FElaine Scarry, in The Body in Pain

Pain Diagnosis Today: Pain Is What the Patient Says It Is

Pain research witnessed a paradigm shift at the turn of the century. Emerging data
showed that long-lasting pain correlates with functional and structural changes that
constituted putative markers of neuropathology in the brain. Accordingly, strong
views were expressed in favor of labeling chronic pain as a disease entity [1]. Changes
at the level of the brain-fueled speculations that chronic pain is a neurological disease
with biological, or more accurately, neurophysiological underpinnings. Struggling to
distinguish the homeostatic from the pathological, some cautioned against expand-
ing this notion and creating confusion regarding “good” pain versus “bad” pain [2].
Regardless of phenomenological or epistemological arguments, we here extend this
conversation with the pragmatic goal of identifying novel, objective pain diagnostics.
We follow the basic premise that pain in general, and chronic pain in particular, alter
neuronal function in the brain; our goal is to capture this change in neuronal activity
and to use it as an objective neuronal signature of pain.
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If we accept the notion that chronic pain is a disease, it follows that chronic pain
is a clinical condition that requires a unique set of therapeutic and diagnostic proto-
cols. As other authors in this book will evidently make the case that rehabilitation
patients with acute to chronic pain face limited therapeutic options, we here discuss
the diagnostic part of the equation, which has received relatively little attention in
the literature. The gold standard for pain diagnosis in the clinical setting remains
subjective and unreliable in all patient populations, especially non-communicative
patients, which are often found within the rehabilitation care continuum. Objective,
cost-effective, and hassle-free measurement of pain is not only important for reach-
ing an accurate diagnosis, but it is also critical for informing optimal treatment
protocols and for maximizing function. Hence, accurate diagnosis contributes to
effective pain management, reduces the risk of side-effects, and conserves tremen-
dous resources on the part of the patient and caregiver.

Of the many challenges in managing patients with chronic pain, one of the great-
est is discerning exactly how much pain the patient is experiencing, if at all. There
are currently no reliable objective indicators of the presence or the severity of pain.
In the 1990s, health and patient advocacy organizations urged medical professionals
in the United States to recognize pain as “The Fifth Vital Sign,” which led to imple-
mentation of the 0—10 numerical pain scale across nearly all medical settings [3].
Despite the ubiquity of the numerical pain scale, its routine use has not yet improved
the quality of pain management outside of postoperative and emergency settings
[4]. Because the numerical pain scale relies on patient self-report, its reliability can
be influenced by any number of biases, such as the patient’s ability to communicate
or whether the patient seeks secondary gain.

Around the time when “The Fifth Vital Sign” was gaining traction, a growing
body of evidence started showing that chronic pain leads to quantifiable changes in
brain structure and function. Imaging studies demonstrated alterations in gray mat-
ter distribution, as well as changes in resting-state activity patterns and connectivity
between the brain areas involved in the processing of nociceptive information,
which will be discussed below. Furthermore, electrophysiological studies showed
that pain disrupts ongoing rhythmic activity between regions of interest in the brain,
mostly overlapping with those visualized via imaging techniques.

Chronic Pain Correlates with Quantifiable Changes in Brain
Structure and Function

Structural Brain Imaging

Morphometric analysis can be applied to magnetic resonance imaging (MRI) of the
brain to characterize changes in gray matter volume. Most frequently used in pain
neuroimaging is voxel-based morphometry (VBM), in which high-resolution MRI
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brain scans are spatially normalized and differences in gray matter volume are
determined by comparing signal intensities between voxels [35, 6].

With regard to back pain, one of the earliest VBM studies was conducted by
Apkarian and colleagues. In a 2004 study, they reported decreased gray matter vol-
ume in the thalamus and dorsolateral prefrontal cortex of patients with chronic back
pain [7]. Schmidt-Wilcke and colleagues replicated findings related to reduced gray
matter in the dorsolateral prefrontal cortex [8]. However, in their sample patient
population, chronic back pain was also associated with increased gray matter in the
thalamus and basal ganglia. Additionally, Schmidt-Wilcke and colleagues found
that gray matter volume in the brainstem and somatosensory cortex was inversely
correlated with subjective unpleasantness and pain intensity. Data incongruity can
be attributed to small sample sizes and etiologic heterogeneity of chronic back pain.

Regarding migraine headache, it was also shown to be associated with gray mat-
ter reductions in the bilateral insular, motor, premotor, prefrontal, and cingulate
cortices, as well as the right posterior cortex and the right orbitofrontal cortex [9].
All regions of the gray matter volume changes were negatively correlated with
migraine duration and frequency, suggesting progressive gray matter reductions in
relation to increasing headache duration and increasing headache frequency.
Another study found that migraneurs present with decreased gray matter in the right
superior temporal gyrus and inferior frontal gyrus, as well as the left precentral
gyrus [10], with a correlation between the anterior cingulate cortex gray matter
volume and the frequency of migraine attacks. Gray matter is also found to be
decreased in patients with chronic tension type headaches [11]. In patients that
develop post-whiplash injury chronic headache lasting longer than 3 months, gray
matter was decreased in the anterior cingulate and the dorsolateral prefrontal cortex
[12]. These changes resolved after 1 year, concomitant with headache remission.
Interestingly, the patients who developed chronic headache showed increased gray
matter in the thalamus and cerebellum, as well as in the brain regions thought to
play an antinociceptive role.

In other pain patient groups, increased gray matter densities in the parahippo-
campal gyrus, hippocampus, and basal ganglia were reported in women with chronic
vulvar pain [13]. In patients with complex regional pain syndrome (CRPS), gray
matter atrophy was noted in the right insula, right ventromedial prefrontal cortex,
and right nucleus accumbens although whole-brain gray matter and ventricular size
were similar between CRPS and non-pain patients [14]. Patients with fibromyalgia
were found to have less total gray matter volume, as compared to healthy controls
[15]. Moreover, the degree of gray matter loss was positively correlated with the
duration of the disease, with each year of fibromyalgia equivalent to 9.5 times the
loss seen in normal aging. Decreases in gray matter were most notably observed in
the cingulate, insula, and mediofrontal cortex. In another study, patients with fibro-
myalgia showed decreased gray matter in the right superior temporal gyrus and left
thalamus, as well as increased gray matter volume in the left orbitofrontal cortex,
left cerebellum, and bilateral striatum [16].
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Functional Brain Imaging

Functional neuroimaging studies in humans have elucidated several regions of the
brain that are “activated” in association with acute or chronic pain [17, 18]. Activation
maps vary between studies due to the heterogeneity of pain or study design. However,
there are common regions with increased blood-oxygen-level-dependent (BOLD) sig-
nal associated with experimentally induced pain, including the thalamus, primary
somatosensory cortex, anterior cingulate cortex, prefrontal cortex, insula, and the cer-
ebellum, forming the so-called pain matrix [19]. With respect to preclinical studies,
some pain-related imaging data have been replicated in anesthetized animals [20].

Using positron emission tomography (PET), which uses regional cerebral blood
flow (rCBF) as an index for neuronal activity, patients with ongoing painful mono-
neuropathy were shown to have increased activation in the bilateral anterior insula,
posterior parietal, lateral inferior prefrontal, posterior cingulate, and the anterior
cingulate cortices. Activation in the bilateral insula, parietal, prefrontal, and the
posterior cingulate, as well as the right anterior cingulate cortex was reduced fol-
lowing successful regional nerve block with lidocaine, resulting in 80—100% pain
reduction [21]. The cerebral activation pattern was argued to be related to the
affective-motivational dimension of neuropathic pain. In patients with reflex sym-
pathetic dystrophy syndrome (now referred to as complex regional pain syndrome),
Iodine-123-labeled iodoamphetamine single-photon emission-computed tomogra-
phy showed variation in thalamic perfusion contralateral to the painful limb, which
was related to the temporal progression of the painful symptoms, suggesting
dynamic, adaptive changes in the thalamus [22].

More advanced signal decoding methods in imaging, including multivariate
voxel analysis, led to a better understanding of the mechanisms of nociceptive infor-
mation processing in the brain [23, 24]. For example, acute pain increases func-
tional connectivity between the anterior insula and orbitofrontal cortex, which
significantly predicts pain [25]. Interestingly, fMRI data suggest that increased con-
nectivity between the secondary somatosensory cortex, anterior and posterior
insula, and the anterior cingulate cortex may result in analgesic effects in a phenom-
enon referred to as “visually induced analgesia,” in which viewing one’s own body
reduces acute pain [26].

Limitations and Other Considerations Regarding Imaging

The goal of most imaging studies is to visualize the anatomical map (or the activity
map in the case of functional imaging) of the brain during states of pain, thus gain-
ing insight into the mechanisms of nociceptive processing in the brain. In so doing,
these studies have provided valuable insight into structural and connectivity changes
in the brain during pain at a high spatial resolution. However, due to limitations in
temporal resolution, brain imaging provides “snapshots in time” rather than a
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continuous readout of brain activity. Furthermore, imaging techniques rely on cum-
bersome and expensive equipment, and severely restrict movement of the studied
subject for prolonged periods.

Improved experimental designs of imaging techniques (e.g., near-threshold pain/
non-pain paradigm) have minimized comorbid factors associated with pain [27].
Moreover, machine learning algorithms are more efficacious at predicting a sensory
experience based on spatially correlated fMRI voxels [28]. For example, thermal
pain in humans can be predicted with 80% accuracy using a combination of fMRI
and support vector machine learning [29].

Quantitative EEG and MEG

Compared to brain imaging, electrophysiological techniques provide ongoing,
direct measurement of neuronal activity. Sampled at frequencies (~3-3000 Hz) far
beyond the temporal resolution of brain imaging, local field potential (LFP) record-
ings reflect postsynaptic potentials and spiking activity [30]. Recordings of cortical
LFP in humans subjected to cutaneous application of a moderately noxious laser
stimulus showed that the primary somatosensory cortex may be the primary driver
of activity in other parts of the pain matrix. Other methods for recording neuronal
activity, such as electroencephalogram (EEG) and magnetoencephalggram (MEG),
offer the added advantage of being primarily noninvasive. Rather than investigating
the “raw” EEG or MEG traces, quantitative analysis is applied to transform the
signals from the temporal domain to the frequency domain, mainly using the Fourier
transform algorithm. Although earlier EEG studies focused on somatosensory
evoked responses, they will not be discussed in this chapter as they are of less rele-
vance to ongoing pain typically experienced in the clinical setting.

In patients with neurogenic pain, now referred to as neuropathic pain, EEG
power is increased and dominant frequency is slowed, which is manifested by a left-
ward frequency shift [31, 32]. These changes are reversed following lesioning of the
central lateral thalamus, which is effective in reducing pain in these patients. Slowed
EEG rhythms were also observed in patients with chronic pancreatitis [33].
However, in a double-blind placebo-controlled study, patients with chronic pancre-
atitis, whose pain was treated with pregabalin, demonstrated increased EEG power
in the theta (4-8 Hz) frequency range [34], which raises important questions regard-
ing potential “contamination” of the EEG due to side-effects, such as drowsiness,
which we have observed in animal studies.

Spectral analysis of MEG signals from patients with deafferentation pain syn-
dromes reveal increased resting-state theta range activity, when compared to healthy
controls, concomitant with slowing of cortical oscillatory activity [35]. Of these
patients, those who derived pain relief from spinal cord stimulation showed a nor-
malization of resting-state MEG. Patients with complex regional pain syndrome
also manifest slowed cortical oscillations, as compared to healthy controls [36, 37].
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Overall, chronic pain is known to be associated with significant reorganization of
functional cortical networks [38, 39]. Maihofner and colleagues used MEG to assess
neuroplastic reorganization of the primary somatosensory cortex and reported that
patients with complex regional pain syndrome affecting the upper limbs had smaller
cortical hand representations [40, 41]. Clinical improvement was associated with
restoration of cortical hand representation size. Mechanisms underlying these MEG
changes have been speculated to arise from dysfunctional thalamocortical networks;
however, ongoing research continues to refine the right questions to ask regarding
the specific mechanisms at both the cellular and molecular levels [20, 42—46].

Can Machine Learning Reliably Classify Pain Patients?

Current evidence suggests that the experience of chronic pain recruits multiple areas in
the brain and that these areas exhibit complex spatiotemporal dynamics, which are dif-
ficult to predict using univariate statistical analyses. In a univariate analysis, a single
variable, such as the BOLD signal of one brain region, is analyzed under the assump-
tion that its behavior does not interact with the behavior of other variables. In contrast,
multivariate statistical analysis takes into account the behavior of multiple variables
that exhibit dependent interactions on each other. Machine learning is a branch of arti-
ficial intelligence that applies multivariate analysis techniques to train its predictions on
existing data and to interpret patterns from novel data sets. The primary advantage of
machine learning techniques is that by using them, it is possible to interpret and to clas-
sify data from individual subjects, instead of identifying group-based differences.

Machine learning has been shown to classify fMRI scans associated with acutely
painful versus non-painful thermal stimulation in healthy volunteers with an accu-
racy ranging between 81 and 94% [29, 47]. Moreover, Gaussian process modeling
has been shown to predict subjective pain intensity [48]. Using structural MRI
scans, support vector machine analysis correctly classifies chronic low back pain in
76% of subjects [49]. With regard to EEG, machine learning predicts the analgesic
efficacy of opioids between individual healthy volunteers, offering a promising
adjunct to the development of novel analgesic drugs [50].

Confounding Variables and Future Directions

In order for a diagnostic technology to have everyday application on a wider scale,
it must be able to measure pain at an individual level and in a practical and cost-
effective way. Currently, most studies mainly analyze group differences, which
reduce the possibility of yielding personalized diagnostic protocols.

Moreover, dissociation of the affective from the nociceptive components of pain
is key. When controlling for possible confounding variables, such as affective
disorders, no significant difference in gray matter volumes is observed in patients
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with fibromyalgia [51]. Physical activity associated with increased gray matter vol-
ume alone could explain the reversal in gray matter density after successful hip
arthroplasty and increased exercise by the patients [52]. Other confounders include
heterogenous pathologies mis-classified under one diagnostic label, which include
fibromyalgia, complex regional pain syndrome, neurogenic pain, migraine head-
ache, etc. possible misdiagnosis of cognitive disorders such as pain disorder, and
lack of controlled analgesic regimens. For example, a relatively short course (1
month) of prescription opioids is enough to alter brain structure [53].

Ultimately, the ideal method for measuring pain should be noninvasive, with a
high sensitivity and specificity. In general, however, clinicians will have to agree
upon an acceptable classification threshold so that patients who truly have chronic
pain are not unjustly denied treatment due to a false-negative result. It may also be
necessary to choose a threshold that allows for an acceptable number of false posi-
tives. It is important to note that while we argue for an empirical measurement of
pain, we are not proposing to replace, substitute, or to “override” the verbal report of
the patient. We simply view objective pain measurement as an adjunct or supplemen-
tal diagnostic tool to aid the healthcare provider in assessing pain level and quality.
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Chapter 2
Multidisciplinary Pain Management
in the Rehabilitation Patient

Tory McJunkin, Edward Swing, Kyle Walters, and Paul Lynch

Introduction

One-third of Americans, or 100 million people, suffer from chronic pain [1].
Pain affects their ability to work, engage in daily activities, and to enjoy their
lives. Many of these patients get relief from conservative treatment modalities
including rest, physical therapy, chiropractic care, emotional therapy, or non-
opioid medications (e.g., non-steroidal anti-inflammatory drugs [NSAIDs],
membrane stabilizers). Some patients do not get adequate pain relief from con-
servative care and may require interventional procedures (e.g., epidural steroid
injections, radiofrequency ablations), opioid medications, or even surgery.
Patients who do not obtain relief from these treatments may benefit from
implantable devices (e.g., spinal cord stimulators, intrathecal treatments) or
regenerative treatments. A growing number of medical practices provide many
or all of these modalities to patients. There is evidence that this comprehensive,
multidisciplinary approach to treating chronic pain is advantageous in terms of
patient outcomes and costs.
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Table 2.1 Possible treatment modalities within a multidisciplinary approach to rehabilitating
chronic pain

Type of treatment Examples

Physical modalities Physical therapy, chiropractic care, acupuncture,
electroacupuncture

Emotional therapy Biofeedback, group therapy, cognitive-behavioral therapy

Non-opioid medications NSAIDs, membrane stabilizers, muscle relaxants

Opioid medications Opioids, atypical opioids

Interventional procedures Epidural steroid injections, nerve blocks, radiofrequency
ablations

Implanted device therapies | Spinal cord stimulation, peripheral nerve stimulation, intrathecal
pump

Regenerative therapies Platelet-rich plasma therapy, stem cell therapies

Multidisciplinary Approach Results

The multidisciplinary approach is intended to address the individual differences in
patient responses to pain treatment modalities (see Table 2.1 for a list of multidisci-
plinary treatment modalities). Research investigating multidisciplinary approaches
to pain management, such as the “bio-psycho-social” model, have shown significant
results in improving pain symptoms and functionality in patients as compared to
traditional models [2]. Comprehensive pain programs that include physicians, phys-
ical therapists, CAM providers, and psychologists have consistently been found to
be both efficacious and cost-effective in treating chronic pain [3]. A study that eval-
uated patients who were randomized to receive either a standard exercise program
(control group) or a comprehensive pain program found that the comprehensive
care group demonstrated long-term efficacy in terms of pain reduction and decreased
disability [4].

In addition to the efficacy of multidisciplinary treatment programs, there is evi-
dence that these approaches may reduce health care costs. A study by Blue Cross
Blue Shield of Tennessee followed 85,000 patients and found that patients entering
healthcare through a doctor of chiropractic (DC) cost 20% less than patients enter-
ing care with a medical doctor (MD or DO), even after patient risk adjustments [5].
Early access to conservative care in chiropractic settings provides many patients
with adequate relief, without the need to progress to potentially more expensive
treatments.

Multidisciplinary practices can similarly offer conservative care for patients
who can potentially benefit from these treatments. Another study compared patients
receiving spine surgery and patients receiving care from a comprehensive model,
which included treatment from physicians, physiotherapists, and clinical psycholo-
gists [6]. While there was no significant difference in treatment effectiveness
between the two groups, there was a significant difference in cost-effectiveness. At
2-year follow-up, the average cost of a patient who saw a surgeon was $14,400
compared to $8323 for patients receiving comprehensive pain treatment. Most
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studies of multidisciplinary treatment of chronic pain have examined back pain. A
meta-analytic review of 65 studies found that multidisciplinary treatment of back
pain is superior to single discipline treatments such as medical treatment or physi-
cal therapy [7]. Not only did multidisciplinary care provide greater pain relief, but
also improved mood, decreased interference with activities of daily living, and
greater likelihood of returning to work than single discipline treatments. The ben-
efits of multidisciplinary care were also more stable over time.

Other studies have extended these findings to other pain indications. For exam-
ple, a randomized controlled trial assigning patients with knee osteoarthritis to
either standard care or multidisciplinary care found that multidisciplinary care
resulted in better outcomes for pain and functioning [8]. A study of fibromyalgia
patients found that multidisciplinary treatment based on a cognitive-behavioral
model enabled patients to decrease their use of opioids, NSAIDs, benzodiazepines,
and muscle relaxants [9]. A multidisciplinary treatment program including physical
and occupational therapy, group psychotherapy, stellate ganglion blocks, and drug
therapy has demonstrated efficacy in treating patients with complex regional pain
syndrome [10].

Physical Modality

The physical modality of pain treatments include a number of conservative care
options, including a supervised targeted exercise plan, physical therapy, chiroprac-
tic care, acupuncture, massage, and others. Studies have shown that chiropractic
manipulation, in conjunction with exercise, not only facilitates and improves recov-
ery, but also minimize recurrence of symptomatic pain [11]. A 2004 study randomly
assigned 1334 patients to receive spinal manipulation, exercise, both spinal manipu-
lation and exercise, or best care from general practice [12]. Those assigned to com-
plete spinal manipulation, exercise, or both experienced greater pain relief and
reduced disability as compared to those who received only best care in a general
practice setting at 3 and 12 months.

Physical therapy has been shown to improve function and to reduce pain for
patients with chronic low back pain [13]. The most effective programs involve indi-
vidualized regimens performed with supervision and include stretching and
strengthening exercises. Given that benefits generally outweigh any risks, strong
consideration should be given to physical therapy as an effective treatment modality
for chronic pain.

Acupuncture involves the precise insertion of needles at specific points on the
body with the intention to facilitate healing. Although this practice has its origins in
traditional Eastern medicine, contemporary medical providers use this therapy with
a sound physiological understanding. Research suggests that chemical changes in
the brain occur as the result of acupuncture. These changes include increases of
endomorphin-1, beta endorphin, encephalin, serotonin, and dopamine, all of which
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can act to induce analgesia. In addition, because of these effects, acupuncture can be
used to treat gastrointestinal problems and psychological illnesses [14].

A large number of randomized controlled trials have provided evidence that acu-
puncture is a valuable option in the effective treatment of chronic pain [15].
Furthermore, trials have demonstrated significant differences between true and
sham acupuncture procedures, which suggests that the efficacy of acupuncture is
more than a placebo effect. One study evaluated several outcomes in treating chronic
low back pain with acupuncture [16]. Several thousand patients underwent treat-
ment and were evaluated after 6 months on measures of pain intensity, pain fre-
quency, functional ability, depression, and quality of life. Results included a
significant improvement of functional ability (45.5%), decreased days per month
with pain, and a 30% decrease in work absences for employed patients.

Electroacupuncture (EA) is a form of acupuncture that involves using the needles
as electrodes for passing electric current. Although less common than manual acu-
puncture, electroacupuncture has grown in popularity since its inception roughly 50
years ago [17]. One study investigating the differences in brain activity resulting
from manual acupuncture and EA found that EA produced more widespread fMRI
signal increase than manual acupuncture. Furthermore, all acupuncture treatments
produced more widespread responses than the placebo-like tactile control [17].

It is important to note that patient expectations can have an impact on the results
of acupuncture. One study evaluated patients’ attitudes towards acupuncture and
expectations regarding the outcomes prior to receiving treatment [18]. The results
suggested that patients with high expectations about acupuncture were about twice
as likely to have good treatment outcomes compared to those with lower expecta-
tions. Results like these underscore the importance of attitudes and psychological
disposition in the treatment of pain.

Emotional Therapy

The subjective experience of pain involves more than organic pathology.
Psychological dispositions can influence the perception of pain, and the experience
of pain itself can have a lasting effect on one’s psychology. For example, patients
suffering low back pain who also have major depression tend to exhibit lower suc-
cess rates with many treatments, including spinal cord stimulator implantation and
spinal surgery, than non-depressed patients [19]. Many pain treatments and proce-
dures focus only on the organic factors of pain and do not address the cognitive and
emotional elements. Therefore, a multidisciplinary model for the treatment of pain
ought to include the option of treatments for the psychological components of pain.

Biofeedback provides one way of understanding and dealing with the physical
effects of stress that result from chronic pain. This treatment strengthens the patient’s
ability to recognize the signs of stress arousal (e.g., shallow breath, muscle tension)
and utilizes relaxation techniques to mitigate the effects of the stress [20]. Research
indicates that biofeedback is effective in treating many different types of pain,
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including chronic low back pain [21]. This treatment is most effective when used as
one component of an interdisciplinary approach to pain management.

Group therapy is another important component in the treatment of chronic pain.
By receiving therapy in a group setting, patients have support that can minimize the
feelings of isolation that are commonly associated with sufferers of chronic pain.
Research suggests that cognitive therapy that involves identifying and changing
negative thoughts reduces self-reported pain in low back pain patients [22].

Medication Management

Several classes of drugs can be appropriate for treating chronic pain conditions.
Non-steroidal anti-inflammatory drugs (NSAIDs), such as ibuprofen, can provide
effective pain relief for several pain conditions including osteoarthritis and rheuma-
toid arthritis [23, 24]. Neuropathic pain can often be treated successfully with anti-
depressant and anticonvulsant medications [25, 26]. Opioids can be effective for
treating chronic pain, with previous studies finding that opioids produce an average
of 28% pain relief, compared to 7% pain relief for placebo [27]. Because opioid
medications present substantial risks of addiction and overdose, careful consider-
ation should be taken in their use [28]. This includes the selection of appropriate
patients, ongoing monitoring through urine drug testing (UDT), pharmacy board
report reviews, and the prescription of low to moderate doses. When used appropri-
ately, opioids can be part of an effective treatment plan for chronic pain. Atypical
opioids, such as tramadol, may provide effective pain relief with significantly less
risk of abuse [29].

Interventional Procedures

Patients who have not responded to conservative pain management modalities, such
as those described above, may be appropriate candidates for interventional proce-
dures. For example, epidural steroid injections (ESIs) are a widely used procedure
for the treatment of chronic radiating pain. Because epidural steroid injections are
used at different regions and different injection routes, and for varying patient
pathology, the efficacy can be difficult to determine. However, there is general con-
sensus among specialists that in well-selected patients, ESIs provide at least short-
to moderate-term relief [30]. Also, ESIs have been shown to have a better risk-benefit
ratio and be more cost-effective than other treatments such as spine surgery.
Research suggests that radiofrequency ablation (RFA) of targeted nerves, either
in the spine or peripherally, can produce significant pain relief. For example, RFA
of the lumbar medial branch nerves has moderate to strong evidence for pain relief
[28]. In one study, lumbar medial branch nerve RFA produced a 46% reduction in
mean pain and a 47% reduction in greatest pain, compared to an 8% reduction in
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mean pain and 13% reduction in greatest pain for sham RFA [31]. Two-thirds of
those treated with RFA experienced at least 50% reductions in pain at 8 weeks after
treatment (compared to 38% of patients experiencing such relief after sham RFA).

Some chronic pain patients may be appropriate candidates for implanted devices
to manage their pain. In particular, spinal cord stimulators can provide safe, effective
relief of chronic pain [32]. For example, in a study evaluating the efficacy of spinal
cord stimulation for treating patients with failed back surgery syndrome, patients
were randomly assigned to either receive SCS or re-operation [33]. After 3 years,
47% of SCS patients received at least 50% pain relief compared to 12% of re-
operation patients.

Regenerative Treatments

Many types of pain conditions, including osteoarthritis and degenerative disc dis-
ease, result from body tissues breaking down faster than the body can replace them.
For these conditions, treatments with injection of biologics may have the potential
to enhance the regenerative processes at the targeted area. These treatments can
potentially alleviate pain, regrow damaged tissues, and/or inhibit further deteriora-
tion. For example, platelet-rich plasma (PRP) therapy is a technique to aid healing
and regeneration. It begins with a small amount of blood being drawn from the
patient receiving the treatment. The patient’s blood is placed in a centrifuge that
spins the blood, separating it into different layers. The top layer contains only
plasma; red blood cells concentrate in the bottom layer. The middle layer contains a
high concentration of platelets and growth factors. By concentrating these materials
and injecting them at the injured site, the hope is that healing and regeneration will
occur more effectively.

Early research supports this regenerative effect. A study of 91 patients receiving
series of PRP injections in the knee for degenerative cartilage lesions and osteoar-
thritis found that PRP injections reduced pain, improved knee function, and quality
of life for at least 12 months after injection [34].

Several types of tissues, found in the patient or a healthy donor, can potentially
enhance regeneration through the presence of stem cells. Stem cells can be found in
amniotic tissues, bone marrow, or adipose tissue. Amniotic tissues can be harvested
from donors during a caesarian birth for use in the treatment of chronic pain. This
tissue contains collagen, growth factors, and stem cells that are thought to induce
healing. One study found injection of this fluid to accelerate healing of wounds in
rats [35]. Other sources of stem cell therapies include bone marrow and adipose
(fat) tissue. A study of culture expanded, bone marrow-derived stem cells found that
injection of these stem cells into patients with osteoarthritic knee joints led to
greater regrowth of cartilage compared to osteoarthritic joints not treated with stem
cells [36]. Ongoing research is examining the potential for injections of bone
marrow-derived mesenchymal stem cells (MSCs) to alleviate degenerative disc dis-
ease [37]. In an interim analyses of this randomized, placebo-controlled trial of 100
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patients receiving MSC injections (high or low dose) or control injections (saline or
hyaluronic acid) into degenerative discs in the lumbar spine found significantly
reduced low back pain and improved function at 12-month follow-up among those
treated with MSCs.

Conclusion

It has been said that when the only tool you have is a hammer, every problem looks
like a nail. Patients with chronic pain conditions vary in their responsiveness to dif-
ferent treatments. Some patients respond well to conservative treatments. Treating
these patients with invasive procedures or high risk medication can create unneces-
sary costs for the patient and health care system as well as increased risk of adverse
side effects. For patients who do not respond to conservative treatments, there are a
variety of appropriate treatments that can provide pain relief. A multidisciplinary
treatment paradigm involves a comprehensive approach that includes physical
modalities, emotional therapies, medication management, interventional proce-
dures, regenerative therapies, complementary and alternative options, and surgery
only when needed. The availability of all of these treatment modalities gives patients
the greatest chance of pain relief to improve their functioning and quality of life.
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Chapter 3
Pain in the Spinal Cord Injury Rehabilitation
Patient

Heidi Wennemer, Nadia Alwasiah, and Damon A. Gray

Introduction

Pain is a common problem for patients with spinal cord injury (SCI) and is often
difficult to manage. Pain due to SCI is multifactorial and optimal treatment requires
an individualized evaluation and treatment plan. The incidence of severe pain after
SCI is estimated to be between 30 and 40% (Mehta S. et al, Pain Following SCI.
2014). The incidence of chronic pain after SCI is estimated to be up to 94% (Siddall
1997). Severe pain due to any source will significantly impact a patient’s function,
ability to perform ADLs, independence, and mood.

SCI patients with damage to the nervous system are predisposed to various types
of neuropathic pain. However, one of the most common types of pain after SCI is
musculoskeletal pain. Patients with paraplegia, who utilize their upper extremities for
transfers, pressure relief, and other weight bearing activities, will have an increased
incidence of shoulder pathology. There are also predictable musculoskeletal strain
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Table 3.1 International spinal cord injury pain classification (Bryce et al. 2012)

Tier 1: pain type | Tier 2: pain subtype Tier 3: primary pain source and/or pathology

Nociceptive Musculoskeletal e.g., glenohumeral arthritis, lateral epicondylitis,
comminuted femur fracture, quadratus lumborum
muscle spasm

Visceral e.g., myocardial infarction, abdominal pain due to
bowel impaction, cholecystitis

Other nociceptive pain | e.g., autonomic dysreflexia headache, migraine

Neuropathic Above level pain e.g., peripheral nerve mediated; carpal tunnel
syndrome; trigeminal neuralgia
At level pain e.g., spinal cord compression; nerve root
compression; cauda equina compression
Below level pain e.g., spinal cord ischemia; spinal cord compression
Other neuropathic e.g., diabetic polyneuropathy; central neuropathic
pain pain; complex regional pain syndrome

patterns caused by these activities as well as ambulation in a wheelchair several hours
each day. An improperly fit wheelchair will exacerbate these problems.

SCI patients will generally have abnormal sensation below the level of
injury. Altered sensation with either absent sensation, reduced sensation, or even
hypersensitivity may be present. Patients with incomplete SCI may have partial
sensory preservation below the level of injury. These patients may even have exag-
gerated pain response in some dermatomes. Complete injuries may experience
hyperpathia in the zone of partial preservation.

Due to the complex nature of pain in the SCI population, evaluation requires a
systematic approach. We will discuss some of the various pain models that may help
clinicians analyze the multiple pain generators for each case.

Pain cannot be accurately evaluated without consideration of a patient’s psycho-
logical state, as it is well known that pain is clearly influenced by behavioral compo-
nents. Chronic pain predisposes individuals to depression and reducing pain has
thereby been shown to have a significant effect on reducing depression (Cairns 1996).

Pain due to spinal cord injury may be separated into nociceptive pain and neuropathic
pain. Nociceptive pain may be subdivided into musculoskeletal and visceral pain.
Neuropathic pain may be subdivided by its location into the following: (1) above the level
of injury; (2) at the level of injury; (3) below the level of SCI injury or other (Table 3.1).

Classification

Pathophysiology

Nociceptive Musculoskeletal Pain

This is the most common type of pain in SCI. It may be due to overuse or strain,
arthritic changes, wear and tear of the joints, spasticity (muscle spasms), or mus-
cle strength imbalance. A prospective study (upper extremity MSK pain during
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and after rehabilitation in wheelchair using persons with SCI, 2006) found that
subjects with tetraplegia showed more shoulder pain than subjects with paraple-
gia. Other factors that increase the risk of upper extremity or shoulder pain
include the following: age, higher BMI, manual wheelchair use, or inappropriate
propulsion technique.

The shoulder joint is especially at risk for overuse and muscle strain. Acute
shoulder pain may develop early in the rehabilitation course, since patients with
lower extremity paralysis or paresis become increasingly dependent on the use of
their upper extremities for mobility. Impingement syndrome, sub-acromial bursitis,
osteoarthritis, adhesive capsulitis, bicipital tendonitis, and aseptic necrosis of the
humeral head should be identified as possible causes for chronic shoulder pain in
SCI (spinal cord medicine principals and practice, Lin). Shoulder pain may also be
due to arthritis or heterotopic ossification (HO).

The level of injury may correlate with the type of shoulder pain. Weakness of
thoraco-humeral muscles contributes to shoulder pain, due to shoulder muscle
imbalance. Tetraplegic patients must work harder to stabilize their joints and to keep
their trunk balanced. In general, patients who have a level of injury above C6 will
likely require the assistance of another person or a mechanical lift, and those with
level of injury at or below C7 may be able to transfer independently.

Shoulder pain is usually experienced during daily life activities such as transfers,
wheelchair propulsion, and pressure relief. It is common that more than 25% of
body weight is transferred through the humerus to the thorax during these activities
(upper extremity musculoskeletal pain during and after rehabilitation in wheelchair-
using persons with a spinal cord injury).

Shoulder pain due to rotator cuff muscle imbalance may be prevented with
strengthening of the weak muscles, which include the posterior shoulder muscles,
adductors, external rotators, and posterior scapular muscles; stretching of the tight
muscles, which include the internal rotators and anterior shoulder muscles. Both are
done to restore muscle balance at the joint, to optimize posture, and to avoid activi-
ties that promote impingement. Activities whereby the arm is abducted and flexed
more than 90° promote shoulder impingement.

Scapular pain is a common complaint. At the level of injury, neuropathic pain is
often seen in mid-cervical SCI. Pain may be present over the dorsal-medial border
of the scapulae, with tenderness to palpation over the rhomboids (C4-6), levator
scapulae, supraspinatus, and infraspinatus muscles (C3-5). In patients with lower
C-spine injury and in paraplegic patients, scapular pain may be caused by overuse
of muscles supporting the shoulder girdle during transfers, as well as by the use of
the upper extremities for mobility.

Facet joint pain is typically better with flexion and worse with extension. Pain
due to facet joints is usually seen just above or below the surgical fusion level
and is likely due to arthritic degeneration of the facet joints as a result of com-
pensation and overuse adjacent to the facet segments. Physical therapy should be
directed toward strengthening the paraspinal muscles with a slight flexion bias.
Other treatments include epidural steroid spinal injections, medial branch nerve
blocks with subsequent radiofrequency ablation as indicated, and trigger point
injections.
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Nociceptive Visceral Pain

Visceral pain may occur above, at, or below the level of injury. In a paraplegic
patient, visceral pain may occur above the level of injury with myocardial infarc-
tion or pleurisy. Abdominal pathology may produce visceral pain below the
level of injury. Possible causes of abdominal visceral pain include constipation,
kidney stones, ulcers, appendicitis, and gallbladder stones. Visceral pain is often
poorly localized and vague. It may be described as cramping, dull, or ache-like
in nature.

Other Pain

Any patient with SCI who complains of headache should have their blood pressure
(BP) assessed. Elevation of BP over 20 mmHg above baseline, systolic, diastolic, or
both, is concerning for autonomic dysreflexia (AD). This is a potentially life-
threatening condition that is unique to spinal cord injury. Any clinician treating SCI
should take time to familiarize themselves with the signs, symptoms, diagnosis, and
treatment of this condition.

Briefly, AD is caused by interruption of the descending inhibitory signals from
the parasympathetic nervous system within the spinal cord. Damage to the spinal
cord above T6 level allows the parasympathetic and sympathetic branches of the
nervous system to function independently, without normal feedback inhibition. T6
is significant because the greater splanchnic nerve originates at the T5-9 levels, so
injury above this nerve cuts off descending parasympathic inhibition, and allows for
unopposed constriction of the splanchnic vascular bed, thereby causing severe sys-
temic hypertension. Baroreceptors in the carotid sinus and aortic arch detect the rise
in BP, therefore stimulating the parasympathetic nervous system, which acts via the
vagus nerve to reduce the heart rate. This gives the classic presentation of AD,
whereby there is significant hypertension (greater than 20 mmHg above baseline)
with bradycardia.

Cervicogenic headaches and occipital neuralgia are also common among SCI
patients. Concurrent TBI with SCI is common in traumatic SCI. Any SCI patient
with new headache should be evaluated for intracranial pathology.

Muscle Spasms and Spasticity

Pain will vary with the degree of spasticity. The initial approach should include
stretching and repositioning. Other treatment options include local nerve or muscle
blocks, or medications.
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Neuropathic Pain

After spinal cord injury, neuropathic pain may develop due to the loss of normal
sensation, which is mediated by the spinothalamic pathway. This is often coupled
with abnormal pain perception. Patients may experience spontaneously generated
continuous pain or abnormally evoked pain. Neuronal activity is upregulated, which
then leads to hyper-excitability. Although the exact mechanism is not fully eluci-
dated, there are known neurochemical changes after SCI that contribute to the state
of neuronal hyperactivity and abnormal pain perception. These include both
increased excitatory glutaminergic activity involving N-methyl-D-aspartate
(NMDA) receptor activation and intracellular cascade reaction, as well as changes
in voltage-sensitive Na* channels, which causes nerve membrane excitability. There
is simultaneous loss of endogenous inhibition from gamma-amino-butyric acid
(GABA) ergic, opioid, and monoaminergic inhibitory pathways.

Neuropathic pain is often described as burning, stabbing, or tingling. However,
neuropathic pain sensations vary a great deal from person to person. Some spinal
cord injuries are complete and as such, lack any sensation below the level of injury.
Some patients with complete injuries will have a zone of partial preservation that
continues below the level of injury. Others will have incomplete injuries with some
sensory preservation below the level of injury.

In either case, pain that occurs below the level of injury may be centrally medi-
ated. Patients may also experience pain in the limbs that lack sensation, similar to
phantom pain among amputees. In those patients with some sensation below the
level of injury, there may be nerve pain from damaged nerves. Cauda equina syn-
drome, due to trauma or infection, will often cause severe pain secondary to damage
of the nerve roots after they exit the conus (SCI washington.edu).

Neuropathic pain may be classified by the location of pain in relation to the level
of spinal cord injury:

Above the Level of Injury

Neuropathic pain occurring above the level of injury will be similar to neuropathic
pain in patients without spinal cord injury. Frequent causes include compression
neuropathies and radiculopathies. The incidence of carpal tunnel syndrome is
increased in paraplegic patients, as compared to the general population.

Nerve decompression surgeries should be considered very carefully in SCI
patients. Although these are considered simple day surgeries, the immediate post-
operative recovery for patients with paraplegia will require utilization of alternate
methods for transfers and mobility. In this patient population, successful recov-
ery and rehabilitation from a simple carpal tunnel release may necessitate an
inpatient rehabilitation stay. In some cases, it may make sense to decompress


http://washington.edu

30 H. Wennemer et al.

both sides simultaneously, in order to consolidate the period of dependence on
others for transfers and mobility.

At the Level of Injury

Pain at the level of injury is generally segmental or radicular. Segmental pain is usually
located within three levels of the spinal cord injury, in the transition zone from normal
to abnormal sensation. Patients may experience a segment of hyperalgesia just proxi-
mal to the segment, where sensation is absent. For example, a patient with a T6 level
of injury may have a circumferential band of allodynia at the T5 level.

Acute radicular pain is generally secondary to damage to the spinal cord itself
and is most often seen at the level of injury. The onset of pain is usually within days
to weeks after injury, and can be hard to distinguish from pain caused by the injury
itself. Radicular pain is often caused by nerve root damage within the dermatomes
of the neurological level. It is due to impingement or nerve root irritation by bone
fragments, extruded disk, and inflammation. Radicular pain tends to be one-sided
and is frequently described as shooting, burning, aching, or crushing. It can worsen
with rest and improve with activity.

Chronic radicular pain may develop from the above mechanisms, scar tissue, or
a Charcot spine. Charcot spine manifests as severe destructive bony changes due to
repetitive stress in the setting of severely impaired sensation. It is most often associ-
ated with diminished or absent pain and proprioceptive sensations. Repeated sub-
clinical injury, especially to a vertebral segment adjacent to an arthrodesis or fusion,
can result in progressive joint destruction and radicular symptoms. Scar tissue may
contribute to chronic nerve root impingement or irritation. Pain due to this condition
is usually unilateral and described as burning or aching.

Below the Level of Injury

Pain below the level of injury is labeled central pain, which is also called dyses-
thetic, or diffuse pain. It is described as burning, tingling, shooting, stinging, stab-
bing, piercing, cutting, crushing, aching, or nagging. The pain is often diffuse and
poorly localized; it is more common with gunshot wounds, advanced age, increased
anxiety, and adverse psychosocial situations. This type of pain may be exacerbated
by fatigue, tobacco use, stress, overexertion, bowel or bladder complications, pres-
sure sores, spasticity, and even weather changes.

Central neuropathic pain is one of the most common types of pain in the SCI popu-
lation and is usually unresponsive to standard pain treatments. Few research studies
have examined this type of pain and so far none has shown any single drug to be
effective for a significant number of people. Even so, many individuals with SCI have
found pain relief from a combination of medications, medications in combination
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with physical therapy, or other treatment modalities. Some treatments, like implanted
morphine pumps, work well initially, but relief is often only temporary.

Until a widely effective treatment for central neuropathic pain is found, physi-
cians need to work with each patient to develop an individualized treatment plan.
Often, an integrated medicine approach that encompasses exercise, medication,
stress reduction, and other complementary treatments such as acupuncture may be
necessary to achieve adequate pain management.

The onset of central neuropathic pain is usually weeks to months after injury. It is
important to note that late onset pain, or worsening pain in SCI patients, should prompt
an evaluation for syringomyelia, Charcot spine, or other bony pathology. These condi-
tions should be ruled out before a diagnosis of central neuropathic pain is made.

Other Pain
Syringomyelia

Syringomyelia is a clinical syndrome that results from an enlarging fluid filled cyst
within the grey matter of the spinal cord. It develops at the site of the traumatic SCI
and extends rostrally or caudally. It manifests as neurological and functional decline.

Pain due to syringomyelia is often localized to the site of injury and may radiate
to the neck and upper limbs. The classic presentation includes loss of pinprick and
temperature sensations in a cape-like distribution. The pain is described as aching or
burning. This pain may be aggravated by sneezing, straining, postural changes, or
upper extremity movement. There is associated loss of reflexes, and sensation. Pain
is the most common presenting symptom. Other symptoms may include ataxia,
autonomic dysreflexia, spasticity, neuropathic pain, dysesthesias, and weakness.

Post-traumatic syringomyelia is a condition that may develop months to years
after a traumatic injury to the spinal cord. Syringomyela is seen in approximately
25% of patients with traumatic SCI (Post-traumatic syringomyelia review, Brodbelt
and Stoodley 2003).

Complex Regional Pain

Complex regional pain syndrome is a type of generalized neuropathic pain. It is defined

as hyperalgesia, not limited to a single nerve or root distribution, disproportionate to

what is expected, and associated with edema, skin, and blood flow abnormalities.
There are two types of CRPS: I & 11

Type I: is without nerve injury
Type II: is related to a nerve or spinal root injury
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Reference: CPRS (from Indian Journal of Plastic Surgery article, Complex
Regional Pain syndrome, by Sandeep J. Sebastin, 2011)

CPRS is characterized by a continuous (spontaneous and/or evoked) limb pain
that is not in a specific nerve territory or dermatome, and usually has associated
abnormal sensory, motor, vasomotor, and/or trophic findings. Early recognition and
prompt initiation of treatment improves patient outcomes. Diagnosis of this condi-
tion is a challenge. However, the Budapest diagnostic criteria have helped clinicians
to diagnose this condition more consistently:

The Budapest criteria is a clinical criteria and it consists of:

Continuous pain that is disproportionate to any inciting event in addition to...

1. Atleast one of symptom in three of the four following categories: sensory, vaso-
motor, sudomotor/edema, motor/trophic

2. At least one sign in two of the following categories: sensory, vasomotor, sudo-
motor/edema, motor/trophic

3. There is no other diagnosis that better explains the symptoms.

CRPS has been divided into three stages of progression. Although it is not neces-
sary for each patient to develop all stages, recognizing the stage and the predomi-
nant complaint can help with management of patients:

Stage I (Acute Stage: 0-3 Months)

It is characterized primarily by pain/sensory abnormalities , such as hyperalgesia,
allodynia, signs of vasomotor dysfunction, and prominent edema and sudomotor
disturbance.

Stage II (Dystrophic Stage: 3—-9 Months)

It is characterized by more marked pain/sensory dysfunction, continued evidence of
vasomotor dysfunction, with the development of significant motor/trophic change.

Stage 111 (Atrophic Stage: 9-18 Months)

It is characterized by decreased pain/sensory disturbance, continued vasomotor dis-
turbance, and markedly increased motor/trophic changes.

For further reference, please see dedicated chapter on Complex Regional Pain
Syndrome.
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Treatment

The decision for surgical treatment should be approached with caution in patients
with SCI. Careful consideration must be given to the effects of surgery and hospi-
talization on the overall function and deconditioning of the SCI patient. Patients
may lose their independence, as well as their ability to transfer and to self-propel a
manual wheelchair. Therefore, prolonged hospitalizations after surgical procedures
may ensue.

Non-surgical Interventions

There is a broad range of treatment modalities that may be effective in controlling
and managing pain related to SCI. Some of these are effective with both nociceptive
and neuropathic pain, while others are beneficial for only one. Many patients would
benefit from some combination of these approaches.

One of the first strategies to consider includes activity modification. Modifications
should include methods to ensure proper body mechanics, while using a manual
wheelchair or during transfers, altering equipment, such as switching to a power
wheelchair or a lighter weight aluminum/or titanium wheelchair, Push Rim
Activated Power Assist Wheels [PAPAWS], or Magic Wheels 2 gear wheelchair
wheels, and mobility and balance exercises. For patients who are obese or have suf-
fered overuse injuries, weight loss counseling should be considered.

To restore balance, physical therapy should focus on stretching tense muscles
and strengthening weak ones. Given the propensity toward shoulder dysfunction in
the majority of manual wheelchair users, exercises should focus on the restoration
of flexibility of the pectoral muscles, along with progressive resistance exercise for
other muscles of the shoulder girdle. Exercise should be individualized given the
SCI patient’s motor examination and level of injury.

Studies have shown that regular exercise reduces both nociceptive and neuro-
pathic pain in the setting of spinal cord injury (SCIRE Pain following SCI, p. 16). It
has also been shown to reduce shoulder pain in a targeted SCI protocol, when sec-
ondary to overuse and muscle imbalance.

Therapeutic massage, with or without heat, is the primary treatment for muscu-
loskeletal nociceptive pain due to muscle imbalance, muscle trauma or inflamma-
tion, muscle spasms, or secondary overuse syndromes. It may not be helpful in
improving the intensity of neuropathic and musculoskeletal pain after SCI.

Acupuncture is most helpful in neuropathic pain. It was found to activate type 11
and III muscle afferent nerves or A delta fibers, blocking pain via the Gate Control
Theory, and releases endogenous opioids, neurotransmitters, and neurohormones. It
has shown equal efficacy to Trager therapy and sham acupuncture in treating nocicep-
tive shoulder pain in SCI (SCIRE Pain following SCI p. 14). For further reference,
please see dedicated chapter on acupuncture for pain control.
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Transcutaneous electrical nerve stimulation (TENS) preferentially stimulates
large alpha sensory nerves to reduce pain at the pre-synaptic level via the Gate
Control Theory.

Furthermore, there is now strong evidence that trans-cranial electrical stimula-
tion (TCES), in which electrodes are placed on the scalp to stimulate the cere-
brum beneath, is effective in reducing neuropathic pain related to SCI. Similarly,
trans-cranial magnetic stimulation (TCMS) uses pulsed magnetic fields, gener-
ated via electromagnets, which are placed over the scalp to induce neuron depo-
larization. There is now Level la evidence that this technique reduces post-SCI
neuropathic pain.

Osteopathic manipulative medicine (OMM) has been shown to relieve chronic
pain in individuals with osteoarthritis, but alone, it may not be effective at reduc-
ing neuropathic pain post-SCI (level 1b evidence) (SCIRE Pain following SCI,
p. 10). For further reference, please see chapter on osteopathic manipulative medi-
cine for pain.

Psychological Treatments

Patients can be taught to utilize psychological techniques to better self-manage their
pain, so that pain impacts their lives less. Psychologists who have been trained in
pain management can help with a variety of techniques that have been proven effec-
tive in reducing the intensity and impact of pain. For further reference, please see
chapter on psychological interventions for pain.

Self-Hypnosis Training

Self-hypnosis training has proven helpful for reducing chronic pain in some SCI
patients. Although individual response to treatment is variable, Level 4 evidence
supports that it may reduce SCI-related musculoskeletal and neuropathic pain.

Visual Imagery

This cognitive technique is based on the cortical method of pathological pain,
whereby guided imagery is used to modify behavior and the perception of discom-
fort. Level 1b evidence shows a positive effect on neuropathic pain (SCIRE Pain
following SCI, p. 26).
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Relaxation Techniques and Biofeedback

Teaching patients how to reduce muscle pain tension and “mental tension’ associated
with pain may be helpful in self-management. Also, training patients to attain certain
EEG patterns, which have been shown to be helpful in migraine and fibromyalgia,
may also reduce neuropathic and nociceptive pain in SCIL.

Cognitive Behavioral Therapy

Cognitive restructuring, which can help SCI patients in pain to think differently
about their pain and its effects, has been shown to lead to changes in brain activity.
These changes can affect how a patient experiences their pain. Cognitive therapy
works to change maladaptive beliefs and coping systems. This type of therapy is
most successful within a comprehensive pain management program.

Individual Psychotherapy

This type of therapy may be used to help patients to identify desired goals and to
increase pleasure and meaning in daily life. As such, it can help to reduce pain.
Psychotherapy may also be helpful in managing anxiety associated with the experi-
ence of pain.

Medications

There are a number of medications that may be helpful in the management of pain
for SCI patients. These medications range from non-steroidal anti-inflammatory
drugs and anti-seizure medications to psychotropic drugs:

Non-steroidal Anti-inflammatory Drugs (NSAIDs)

This class includes medications such as aspirin, ibuprofen (Motrin, Advil), and
naproxen, which are most commonly used to treat musculoskeletal pain in SCI
patients.
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Anti-epileptic Drugs (AEDs)

This class includes medication that are often used to treat neuropathic pain. One
theory about their mechanism of action includes modulation of hyperactive neu-
rons, which can potentially calm the deaferrented neurons sending neuropathic pain
signals in the injured spinal cord.

Medications such as Gabapentin (Neurontin) and Pregabalin (Lyrica) are first-
line agents used to treat neuropathic pain. Their proposed mechanism of action is to
bind alpha 2 delta receptors on pre-synaptic neurons, thereby decreasing calcium
influx, which in-turn decreases the release of excitatory neurotransmitters.

A typical pregabalin starting dose is 75 mg twice daily. This can be increased to
150 mg twice daily after 1 week, and then to a maximum of 300 mg twice daily after
another 2 or 3 weeks. Maximum dosage is 600 mg per day. Gabapentin can be
started at 300 mg daily per day, then 300 mg twice daily for the second day, and then
300 mg three times daily. It may then be titrated, based on tolerance and/or pain
relief, up to 3600 mg per day. Both pregabalin and gabapentin should be tapered
gradually upon discontinuation. The following list shows evidence related to the use
of AEDs for SCI pain patients:

Gabapentin and pregabalin-

Level 1a evidence that usage reduces post-SCI neuropathic pain.
Pregabalin-

Level 1b evidence that usage with osteopathy improves post-SCI pain.
Lamotrigine-

Level 1b evidence to improve post-SCI neuropathic pain.
Levetiracetam-

Level 1b evidence showing this is not effective in reducing post-SCI neuropathic
pain.
Valproic acid-

Level 2 evidence that usage does not significantly reduce post-SCI pain.

Psychotropic Medications

Antidepressants are used to treat neuropathic pain and depression. These medica-
tions include selective serotonin norepinephrine reuptake inhibitors (SSNRIs), such
as duloxetine (Cymbalta) and venlafaxine (Effexor), and tricyclic antidepressants
(TCAs), such as amitriptyline (Elavil) and Nortriptyline (Pamelor). Both classes are
proposed to inhibit the uptake of both norepinephrine and serotonin in the CNS,
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allowing the excess serotonin to inhibit painful afferents on the dorsal horn of the
spinal cord. Their antidepressant function is proposed to treat the chemical link
between depression and pain. Some studies show that amitriptyline (Elavil) is effec-
tive only when there is concomitant depression. Common side effects for SSNRIs
are nausea, dizziness, and sweating. Common TCA side effects, which are often
dose-limiting, are typically anticholinergic in nature, which include dry mouth,
drowsiness, and dizziness.

Clonidine is an alpha 2 agonist thought to inhibit nociceptive input into the dor-
sal horn of the spinal cord. Studies have shown that it may be useful for patients who
do not respond fully to opioids, and it may provide a synergistic effect with opioids
in relieving pain. Clonidine has been used in combination with morphine intrathe-
cally (SCIRE Pain following SCI, p. 54-55).

Opioids

Morphine, codeine, hydrocodone, and oxycodone are used to treat both neuropathic
and musculoskeletal pain. These drugs have many side effects, including constipa-
tion and sedation, and can be habit forming. As a result, they should not be the first
agents considered for chronic pain management. Opioids are most appropriately
viewed as a valid second- or third-line treatment option, when other medications
and interventions have not proven satisfactory. Risk factors for misuse and abuse
include prior history of abuse and family history of substance abuse. When using
these agents, an opioid treatment agreement between the prescriber and patient is
strongly recommended.

The opioid-like medication tramadol (Ultram) has been shown to have level 1b
evidence to be effective in reducing neuropathic pain post-SCI [SCIRE Pain follow-
ing Spinal Cord Injury p. 52].

Muscle Relaxants and Anti-spasticity Medications

Diazepam (Valium), baclofen (Lioresal), tizanidine (Zanaflex), and botulinum toxin
(Botox) are used to treat spasm-related and musculoskeletal pain. Most of these
may be taken by mouth or delivered directly to the spinal cord through an implanted
pump (see “Intrathecal pumps” below). Botulinum toxin is delivered through an
intramuscular injection and may be useful in reducing pain related to focal spastic-
ity. These drugs can cause sedation, confusion, and other side effects.

Baclofen is a GABA agonist. Because GABA is also involved in pain pathways,
but there is limited evidence that baclofen may reduce SCI related dysesthetic pain
[SCIRE Pain following Spinal Cord Injury p. 49].
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Other Medications

Ketamine is a non-competitive NMDA receptor antagonist. Level 1a evidence indicates
that ketamine is effective in reducing allodynia. Cannabinoids are potentially a new
treatment for post-SCI pain, but in need of further study. Topical local anesthetics such
as lidocaine (Lidoderm) are used to treat pain that occurs when the skin is lightly
touched (called allodynia). Epidural or subarachnoid lidocaine injections may some-
times provide useful diagnostic information when considering interventional, or surgi-
cal pain treatments. Capsaicin, the spicy ingredient in hot peppers, works topically as
an inhibitor of substance P.

Injections

Pain above the level of injury may be managed as it would be in patients without
spinal cord injury. Interventional spine injections may be beneficial for appropriate
conditions. Joint and bursa injections may be indicated for patients with joint pathol-
ogy, arthritis, and bursitis. Trigger point injections may relieve pain due to myalgia.
Sympathetic nerve blocks may be helpful to relieve pain due to complex regional
pain syndrome.

Surgical Treatments

Dorsal column stimulation is used to treat neuropathic pain due to nerve root dam-
age. A high frequency, low intensity nerve stimulator is percutaneously or surgically
placed in the epidural space, next to the spinal cord or nerve roots. This treatment is
expensive, and invasive, and is generally left to treat pain that has proven intractable
to other methods. For further reference, please see chapter on spinal cord stimula-
tion for pain.

Intrathecal pumps are used to treat neuropathic pain (using morphine or zicona-
tide) or muscle spasm-related pain (using baclofen). A pump containing morphine
or ziconatide, baclofen, or both, is surgically placed under the skin in the abdomen.
It delivers the medication directly to the intrathecal space, in an effort to directly
treat the spinal cord and nerve roots in concentrations much lower than would be
given orally.

Dorsal longitudinal T-myelotomy is an invasive technique restricted to non-
ambulatory patients with severe painful spasticity. A dorsal approach is used to
separate the anterior and posterior halves of the spinal cord, in order to disconnect
the afferent and efferent nerve roots, which thereby removes the key reflex synapse
responsible for spasticity.



3 Pain in the Spinal Cord Injury Rehabilitation Patient 39

Fig. 3.1 Showing the
pathways from the sensory
nervous system via the
reflex synapse in the spinal
cord back down through
the motor nervous system
which invokes a reflexive
spasm. Used with
permission http://
apparelyzed.com/spasticity.
html

© www.apparelyzed.com

Dorsal rhizotomy is similar in concept to dorsal longitudinal T-myelotomy, but
instead of eliminating the spasticity reflex arc within the spinal cord, this proce-
dure divides the sensory nerve roots before they join the spinal cord, either intra-
durally or extradurally. The Dorsal Root Entry Zone (DREZ) variation of this
procedure is supported by level 2 evidence to reduce post-SCI pain, especially
when the pain is neuropathic and in a segmental (nerve root) distribution, rather
than diffuse. See Fig. 3.1.

Conclusion

Patients with spinal cord injury will frequently present with multiple pain generators.
Each spinal cord injury is unique and treatment plans must be individualized. Asking
patients to describe pain above the level, at the level of injury, and below the level of
injury is a useful first step to categorizing neuropathic pain generators. It is easy to
become focused on neuropathic pain in this population, but nociceptive pain, com-
mon in patients with spinal cord injury, must also be addressed. Some musculoskel-
etal injuries are more common after SCI due to the daily use of their upper extremities
for transfers and mobility. Providers must consider heterotopic ossification, auto-
nomic dysreflexia, and CRPS in this population. They must also understand that
patients with SCI may have very atypical presentations of pathology below the level
of injury. The treatment of pain in this population requires a systematic approach
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to identify each component of the pain including the musculoskeletal, neuropathic,
and visceral pain. In most cases, a multifaceted approach to pain management will
be more successful than a single therapy or intervention.
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Chapter 4
Pain in the Traumatic Brain Injury
Rehabilitation Patient

Benjamin Seidel and Mitchell Freedman

Introduction

Traumatic brain injury (TBI) is a very common source of injury that is thought to
affect 1.7 million people in the United States annually, with 3.2 million living
with disability related to their TBI [1]. TBI is operationally defined as “an altera-
tion of brain function, or other evidence of brain pathology, caused by an exter-
nal force” [2]. Pain after TBI is often multifactorial, with both nociceptive and
neuropathic qualities encompassing several domains, which include post-trau-
matic headache (PTHA), musculoskeletal trauma, and visceral pain syndromes.
Headache remains the most common pain syndrome after TBI [3] and is the
focus of a devoted chapter in this text (see Post-Traumatic Headache). Many of
these areas overlap and are not easily remedied. Clinicians should aim to treat the
source of pain, not just the symptoms.

There are many barriers to the appraisal and treatment of pain after
TBI. Communication issues and cognitive deficits make evaluation of pain dif-
ficult in the rehabilitation setting, and clinicians should maintain a high index of
suspicion for common causes of pain. It is imperative to take a multidisciplinary
approach to both the evaluation and treatment of pain after TBI, and to incorpo-
rate a holistic and comprehensive paradigm to patient care. Clinicians may need
to rely on alternative methods to explore pain after TBI such as using vital signs,
caregiver attestation, or observing body language and subtle cuing to reliably
diagnose such problems [4].
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Pathophysiology

Pain after TBI may arise from central and peripheral sources [5]. It is useful to
distinguish intra-cranial sources of pain, such as intra-parenchymal hemorrhage and
subdural hematoma from extra-cranial sources, such as fracture, visceral injury, and
brachial plexopathy. Most literature supports the notion that less severe TBI results
in more pain than more severe TBI, particularly in the case of post-traumatic head-
ache [6]. Although it is unknown why this occurs, it may be related to a higher
propensity for central sensitization in milder injuries, and critical disruption or mal-
function of pain pathways in more severe injuries. Pain remains a real phenomenon
in all types of TBI. A thorough discussion of the neuroanatomy and neurophysiol-
ogy related to the appraisal of pain in humans is beyond the scope of this chapter.
Please see the recommended reading list at the end of the discussion.

Many of the important structures related to the generation of pain centrally
include the dorsal horn of the spinal cord, several of the ascending and descending
spinal tracts, numerous brain stem structures, the diencephalon (thalamus), and
many of the paralimbic, limbic, and cortical structures of the cerebral cortex [5].
Any aberrancy, disruption, or damage to these structures may result in modification
of a person’s appraisal of pain. It is important to note that there are very intricate
interconnections between many of the cortical and subcortical structures involved in
pain generation. Thereby, damage to one structure may modify output in another,
which in turn may turn “up” or “down” a patient’s estimate of their pain.

The major pathophysiologic distinction in TBI is between primary injury and
secondary injury. Primary injury to the brain is that which causes direct disruption
of the brain parenchyma from shear forces of impact. This occurs immediately and
is generally not amenable to medical intervention. Secondary injury is the cascade
of biochemical, cellular, and molecular events, which occurs as a result of the
trauma [7]. Most research is focused on preventing or reducing secondary injury.
Both primary and secondary injuries may lead to anatomic disruption of pain path-
ways, resulting in pain from injury.

Diffuse axonal injury, a type of primary injury, is of particular importance as it
results from the immediate disruption of axons due to acceleration—deceleration and
rotational forces, which cause shearing. This type of injury is important because the
most common areas involved include the corpus callosum, central white matter
(basal ganglia), and the midbrain, which house many of the important pain path-
ways in the central nervous system. Although it is conjecture, it is thought that pain
may be amplified (in more mild injuries) or dampened (in more severe injuries) in
this brain region.

Although the mechanism is not well elucidated, pain and sleep also appear to be
very closely correlated. Alterations of the sleep-wake cycle are strongly correlated
with exacerbation of pain and headache in patients that incur a mild traumatic brain
injury [8]. Delayed or “post-secondary” sources of intracranial pain generation
include obstructive or nonobstructive hydrocephalus, post-traumatic syringomyelia,
and hemorrhagic conversion of the brain.
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There are many extracranial neurologic and orthopedic injuries that can occur
after TBI. Brachial plexopathy has been reported to affect slightly greater than 1%
of the population after multi-traumatic injury [9], and up to 50% of patients with
spinal cord injury have a concomitant traumatic brain injury [10]. In addition, ortho-
pedic injuries (fracture, muscle tears, tendon ruptures, etc.), visceral injuries (such
as liver laceration, splenic rupture) are common in polytrauma.

Chronic regional pain syndrome may occur following TBI either from peripheral
nerve injury, which would result in CRPS type II, previously referred to as “causal-
gia,” or orthopedic injuries, which would result in CRPS type I. Iatrogenic nerve
transection is rare, and surgery may be the only way to restore neurologic function
in some cases. Most nerve injuries are due to trauma; one study indicates that the
incidence of peripheral nerve injury after TBI was as high as 34% [11]. Good prog-
nostication with imaging/nerve conduction is paramount in determining surgical
candidacy. Other complications of nerve injury may result from lack of sensation,
which include falls, burns (from temperature insensitivity), and others.

Heterotopic ossification (HO) is another potential source of pain in the brain-
injured patient. Among brain-injured patients, risk factors for HO include prolonged
immobilization, fracture, prolonged coma, and spasticity. Autonomic factors may
also play a role [11]. There is a predilection for proximal large joints of the upper
and lower limbs, but HO can occur in distal joints, albeit less frequently. This is in
contrast to other conditions such as SCI or burns, where joint predilection differs.

Chronically, there is a high incidence of pain after TBI. Brown et al. found that
15 years or more after injury, 79% of their patients with moderate to severe brain
injury had musculoskeletal pain complaints in the 30 days preceding their interview
[12]. Weakened musculoskeletal structures, neuromuscular imbalances, spasticity,
poor balance, and heterotopic ossification are potential contributing factors that can
cause painful chronic musculoskeletal conditions. Colantonio et al. found a higher
than expected prevalence of arthritis in middle-aged patients up to 24 years after
their TBI [13], and higher preponderance of chronic painful musculoskeletal condi-
tions have been reproduced in additional longitudinal studies [14—16]. Recognition
of musculoskeletal imbalance and injuries in the acute period following TBI is
important to minimize long-term consequences.

Symptoms

TBI patients present with a vast array of signs and symptoms, depending on the pain
generator. It is imperative to rely heavily on history and physical examination to
establish a diagnosis. Patients with mild TBI may be able to express their symptoms
“normally” with verbal communication, but severely injured patients may not be
able to provide a medical history or describe the location, severity, or quality of their
pain symptoms. Concomitant injuries from trauma often go unnoticed because of
these cognitive limitations, but also because the initial focus in the acute care setting
is stabilization and survival. Since patients may not be able to communicate
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verbally, the clinician may need to rely on previous medical documentation, family
input, caregiver observations, and physical examination, without direct input from
the patient to find potential sources of pain. Patients may exhibit decreased eye
contact, more frequent grimacing, or may display changes in their vital signs such
as hypertension and/or tachycardia. Input from caregivers should not be overlooked,
as they can be helpful in detecting subtle changes in a patient’s behavior. Oftentimes,
caregivers spend much more time with the patient than the physician or nurse, who
may change shifts or rotate floors. A low threshold for radiographic, ultrasono-
graphic, laboratory, or other investigations should be adopted to assess such changes
in behavior.

It is frequently difficult to establish whether or not a treatment strategy has been
successful. Observing for subtle changes in behavior, improvement of function dur-
ing therapy sessions, family/caregiver attestation, and/or improvement in vital signs
or physical exam findings are necessary to assess response to treatment. Examples
include improved eye contact, decreased restlessness, or decreased resting heart
rate. As cognition and communication improve, there may be improved localization
and understanding of a particular pain generator and new treatment options may
then ensue.

Neuropathic pain may be experienced as burning, electric, achey, or gnawing.
The patient with a neurogenic source of pain may demonstrate hyperalgesia,
allodynia, temperature, and vasomotor changes. Symptoms of compartment syn-
drome may include pain described as burning, deep, and achey, which generally
worsen with passive stretching of the muscles in the compartment. Symptoms
may appear disproportionate to the injury, and the patient may grimace or shout
with provocative maneuvers. This must be distinguished from spasticity.
Understanding tonal patterns of muscle groups in the limbs are helpful in dif-
ferentiating the two. Spasticity is a common source of pain. Stretching or ranging
involved body segments often provokes pain in a patient with spasticity. For
those able to communicate their pain, visceral pain is often described as “vague,”
gnawing, deep, and generally poorly localized [17]. Visceral afferents travel back
to the spinal cord along the same course used by sympathetic efferent nerves.
Lower abdominal pain associated with constipation is very common seen in all
stages of recovery from TBI.

Functional Limitations

TBI patients have impairments that affect their physical, cognitive, vocational, and
avocational abilities. In severe injuries, patients often rely entirely on others to assist
with their function. This can portend significant difficulty in the appraisal and treat-
ment of pain in this population. Patients may not have the capacity to self-medicate
and count on others to interpret their comfort level, administer medications, and/or
perform a therapeutic intervention as simple as repositioning. Family and/or care-
givers can misinterpret a patient’s external signals and inappropriately medicate
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(or not medicate). Furthermore, cultural influences can influence both the experience
and the treatment of pain. In certain cultures, for example, outward demonstration
of emotion is prohibited. In those patients that belong to such cultures, it may be
hard for the family or caregiver to understand that reduced inhibition and emotional
lability are a part of their loved one’s neurologic injury and that expression of pain
is a part of the natural course of the injury. They may be more likely to medicate the
patient to prevent them from disruptive emotional outbursts. It may also be a cul-
tural entity to “deal with pain,” or to bear pain without any intervention, and so these
patients may be less likely to receive medication. Being aware of such psychosocial
influences are paramount to effectively treating pain in any population, but espe-
cially so in brain injury.

Treatments/Common Techniques
Initial

In the acute care setting, the focus is generally medical stabilization. Treatment of
pain thereby relies heavily on prophylaxis for structural defects, which include frac-
tures, hemorrhages, and contusions. Analgesia is frequently maintained with the use
of intravenous, enteric, or topical medication; analgesia is important to facilitate
sedation, while fractures are repaired, intracranial pressures are monitored, and the
patient is stabilized.

Rehabilitation

In the rehabilitation setting, focus shifts to improving functional outcome. The reha-
bilitation phase of pain control requires the TBI patient’s participation in self-care
activities. Gentle range of motion, heating, ice, and/or physical modalities benefit
the patient by maintaining range and preventing contracture, as well as for pain
management, and should always be used in conjunction with pharmacologic agents.
Physical modalities are often overlooked, but can be extremely helpful in pain after
TBI. Adaptive equipment, therapeutic exercise, and modalities, which include
application of heat, ice, and/or ultrasound are all options. These treatments are best
employed within a coordinated, multidisciplinary approach using trained therapists.
Complementary therapies such as energy medicine (Reiki, Tai-Chi), acupuncture,
osteopathic manipulative medicine, and other manual techniques may also be help-
ful in managing more chronic pain issues. Mobilization and/or manipulation tech-
niques, when used with exercise, are beneficial for treatment of persistent mechanical
neck disorders with or without headache [18]. Treatment of HO includes therapy
targeted at maintaining adequate range of motion.
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Pain Management

Traditional treatment approaches for pain in the non-brain-injured population
include using a variety of cognitive therapies, including cognitive behavior therapy
(CBT) and mindfulness techniques. These cognitive therapies have proven effective
for managing chronic pain in the general population [19]. Severely brain-injured
patients may be unable to participate in cognitive strategies to cope with pain due to
limitations in cognitive function, arousal, and/or emotional lability. Therapies to
alleviate pain must therefore rely on physical modalities, exercise strategies, phar-
macologic management, and interventional strategies.

Common drug classes used to treat various types of pain in the TBI population
include non-steroidal anti-inflammatory agents (NSAIDs), muscle relaxants, anti-
spasmodics (distinct from muscle relaxants), anti-depressants, opioids, and mem-
brane stabilizers. Clinicians should be well informed of potential adverse effects of
medications to avoid complications. The clinician must weigh potential medication
side effects with the cognitive and functional limitations imposed by pain. Ideally,
the choice of agent should minimize side effects and maximize pain reduction.

Pharmacologic agents commonly prescribed to those with chronic pain have
sedative, hypnotic, psychotropic, and/or cognitive side effects, which can exacer-
bate the cognitive dysfunction already present in patients with TBI. [20] Additionally,
pain itself has been demonstrated to depress several aspects of cognition, which
include executive function and attention; in brain-injured patients, this can equate to
a major impact on function. [21] Prophylactic analgesia is considered an acceptable
practice in severely compromised patients, [5] especially in the setting of orthope-
dic injuries, open fractures, and central nervous system injury.

Opioid analgesia warrants special attention, as this drug class is currently contro-
versial in the treatment of pain, especially in the setting of brain injury. Statistically,
patients who incur TBI are male, young, and more than 50% have alcohol in their
system at the inciting event. Therefore, TBI survivors may be at increased risk for
substance abuse. Nevertheless, opioids can be extremely beneficial acutely, and are
indicated when there is a concern for significant pain (e.g., postoperatively). The
clinician needs to weigh the benefits of reduced pain with the potential risk of cog-
nitive impairment. These impairments include, but are not limited to impaired con-
centration, memory, processing, and decreased psychomotor and reaction time. The
long-term cognitive effects and overall efficacy of chronic opioid usage is not
known. A 2010 review of the cognitive effects of chronic opioid use for chronic
non-cancer pain in patients without head injury concluded that there was limited
evidence of cognitive impairments. [22] Side effects include constipation, nausea/
vomiting, and immunologic or hormonal influences. Tramadol, a mild opioid anal-
gesic, has several mechanisms of action, including binding with serotonin and dopa-
mine receptors. If used concomitantly with additional serotonergic medications
(SNRIs, SSRIs, etc.), there is a risk of serotonin syndrome and a higher risk of
seizures than with the medication alone.
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Caregivers should be involved in the decision making and evaluation process.
Medications that are given less frequently may be easier to administer and may
result in greater compliance. The clinician should make every attempt to ascer-
tain the source of pain, in order to identify and to reverse the problem as rapidly
as possible.

Post-traumatic migraine and post-traumatic tension headache types generally
follow similar treatment strategies when compared with their non-traumatic coun-
terparts in non-brain-injured populations [23], and are better discussed in the
devoted chapter on PTHA. Cervicogenic headaches are caused by pain generators
in the C2-3 and C3—4 zygapophyseal joints (Z-joint), atlanto-occipital joint, atlanto-
axial joint, or the C2-3 intervertebral disc. In cases refractory to therapy and medi-
cation, a double anesthetic block of the medial branch of the dorsal ramus is utilized
to identify the pain generator with the goal of percutaneous radiofrequency ablation.
Corticosteroid injection into the Z-joint is less commonly utilized [24].

Treatment of pain after extracranial neurologic injuries such as spinal cord injury,
peripheral nerve injury, and/or plexopathies are more comprehensively covered in
additional chapters of this text, but may cause significant neuropathic pain in
patients with TBI. Treating neuropathic pain is challenging, but using a combina-
tion of membrane stabilizers, calcium channel blockers, and/or anti-depressants can
be helpful in symptom reduction.

Treatment of pain from spasticity takes a pyramidal approach. Please refer to
dedicated chapter in this text. Treatment of iatrogenic sources of pain consists of
removal of the irritant and symptom management. Catheters, tubes, and lines are
generally removed after sufficient medical recovery has occurred. Patients should
be protected from grabbing or pulling on lines and tubes to prevent self-injury.
Severe cognitive dysfunction predisposes patients to injure themselves.

For multiple orthopedic injuries, systemic agents are preferred. NSAIDs are
generally avoided in the context of bone fracture, although this is still an area of
controversy. In two review articles from 2012 and 2013, recommendations were
that “clinicians should treat NSAIDs as a risk factor for bone healing impairment,
and their administration should be avoided in high-risk patients” [25, 26].
Furthermore, NSAIDs increase risk of gastrointestinal bleeding and may also have
cognitive effects.

For treatment of HO, NSAIDs such as indomethacin, and bisphosphonates such
as Pamidronate may be utilized in a stable patient. Theoretically, these drugs pre-
vent further bony deposition. Definitive surgical removal is reserved for functional
deficits and requires bony “maturation,” which may not occur for 1 year or more
after diagnosis.

Therapy for visceral injury includes medical and surgical treatments to stabilize
organ damage or dysfunction. Treatment of constipation includes carefully monitor-
ing of bowel movements, gradual reduction of opioids, ensuring adequate hydration
and physical activity, and regular use of stool softeners/stimulants/osmotic agents.
Better control of pain may also serve to reduce constipation.
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Procedures

Orthopedically, joint aspirations with or without injections with local anesthetic
and/or corticosteroids may be of benefit once the patient is medically stable. In the
chronic setting, regenerative medical strategies such as platelet-rich plasma and
tenotomy under ultrasound can be used to treat tendonopathies.

To help control local spasticity, there are several options. Botulinum toxin, often
under ultrasound or electromyographic guidance, is injected into the motor points of
specific muscles to reduce excessive tone in those muscles. Botulinum toxin injec-
tions generally retain therapeutic reduction in tone for 3 months or more. Botulinum
toxin may be combined with chemical denervation using alcohol or phenol for a
more permanent solution in the motor distribution of the nerve. EMG stimulation or
ultrasound is used for guidance in such cases, and the results are immediate.
Diagnostic blocks with lidocaine or other anesthetics are commonly used to evaluate
the potential efficacy of a chemical denervation with alcohol or phenol.

Trigger point injections are commonly used in patients with post-concussive
syndrome and cervicogenic headaches. Particular attention to the neck and shoul-
ders is helpful in alleviating neck, shoulder, and headache pain. Myofascial trigger
points may also be discovered in areas beyond the head and neck, and would be
handled in a similar fashion. Transcutaneous electrical nerve stimulation is some-
times to assist in discovering a sensitive area, but palpation is the most common
method for localization. Dry needling, prolotherapy, acupuncture, and acupressure
are also utilized for myofascial pain and tight painful muscles.

Surgeries

In terms of musculoskeletal injuries, collaboration with orthopedic colleagues is
required to assess weight bearing status, bone or joint stability, and the need for
operative intervention. Pain management is performed in concert with orthopedic
stabilization. In the case of spasticity, tendon lengthening, tendon transfer, and ten-
don resection may be required to achieve adequate functional outcomes. When
spasticity is severe and diffuse, particularly in the lower limbs, and after an adequate
trial of medication, a catheter may be inserted into the intrathecal space, which is
connected to an implanted medication reservoir and battery to deliver baclofen into
the cerebrospinal fluid in much lower concentrations than oral doses.

Potential Treatment Complications

Every medication which is ordered must be carefully reviewed for ongoing indica-
tion and potential complications throughout the course of treatment. Side effects
from medication are common and may have a negative impact on cognition and
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neural recovery, and may also have the potential for organ toxicity. Furthermore,
interactions between pain medications and important stabilizing medications (e.g.,
anti-epileptics) must also be taken into account. For example, medications such as
tramadol or baclofen can increase seizure risk in susceptible patients.
Interventionally, any injection that breaks the skin may cause infection, bleeding,
or local irritation [27]. Botulinum toxin injection complications are rare, but are worth
mentioning. In addition to the standard injection risks, botulinum toxin used for spas-
ticity can inadvertently be disseminated systemically via intravascular injection, caus-
ing weakness in areas outside of the injection sites. Of particular concern are difficulties
with swallowing, speaking, breathing, or keeping the neck upright [28]. Excessive
weakening is a serious concern for patients, and titration of dosage should occur with
each subsequent injection. Phenol and other “permanent” nerve blocks can cause
severe dysesthesias, even when injected properly [29]. Theoretically, inadvertent
intravascular injection can cause arrhythmias or toxicity in areas outside of the injec-
tion site. More invasive surgical interventions carry additional risks, which include
infection, technical or procedural complications, and greater opioid requirements.

Evidence

Pharmacologic and non-pharmacologic outcomes in extra-cranial sources of pain in
brain injury are primarily founded in non-brain-injured cohorts and extrapolated to
patients with TBI [30]. Intra-cranial pain disorders (i.e., PTHA) have been
researched extensively and are summarized in the headache chapter of this text.
Dobscha et al. could find little evidence to help guide the clinician in pharmacologic
and non-pharmacologic interventions in pain, specifically after TBI. In a systematic
review of the current evidence for treatment of pain after TBI, Dobscha et al. con-
cluded that “very little evidence is currently available to guide pain assessment and
treatment approaches in patients with polytrauma” [including TBI] [31].

In terms of interventions, botulinum toxin injection has been demonstrated in
numerous studies to reduce tone in patients with central nervous system disorders
(including TBI) [32, 33], and to reduce pain associated with spasticity [34].
Intrathecal baclofen pump management of spasticity has also demonstrated efficacy
in pain reduction associated with spasticity, mostly in the non-TBI population [35].
Myofascial pain management strategies using trigger point injections and manual
medicine have been corroborated in mild TBI (concussion), but not in more severely
injured patients [36, 37].

Conclusion

Patients who incur a TBI are at a particularly high risk of developing pain for a
variety of different reasons. These painful sequelae from primary and/or secondary
brain injury can have a lasting impact. Pain after TBI is multifactorial and can stem
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from intrinsic cortical and subcortical damage, calvarial defects, or concomitant
orthopedic, visceral injuries, which can lead to a combination of nociceptive and
neuropathic pain states. Problems with communication and cognitive deficits com-
plicate the work-up of pain in this population, forcing clinicians to think creatively.
Evaluation and management requires a comprehensive interdisciplinary approach in
both the acute and rehabilitation settings.

Treatment of pain after TBI begins in the acute care setting and continues into
both the rehabilitation and community settings. Initially, maintaining adequate
cerebral blood flow, keeping intracranial pressures under control, and minimizing
brain damage is paramount to prevent painful sequelae such as secondary neuro-
logic injury, spasticity, and contractures. Medical complications, such as hetero-
topic ossification, are difficult to predict, but earlier diagnosis and treatment
improves outcomes. No matter the etiology, treatment of pain should begin with
reversal of the cause. Subsequently, symptom management should ensue, which
includes noninvasive methods such as positioning, modalities, range of motion,
and strengthening. Medication prescription is frequently warranted, but must be
monitored carefully for potential complications. Injections, intrathecal pain man-
agement, and more invasive techniques such as surgical tendon lengthening,
resections, etc. should be reserved only after more conservative treatments have
been unsuccessful.
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Chapter 5
Pain in the Stroke Rehabilitation Patient

Anjum Sayyad

Central Post-Stroke Pain

Introduction

Central post-stroke pain (CPSP), also known as thalamic pain syndrome, is a chronic
pain condition that occurs following an ischemic or hemorrhagic stroke. Pain is
associated with abnormal sensation of pain and temperature. Wallenberg first
described CPSP in 1895, as a symptom of lateral medullary stroke syndrome, which
is also known as Wallenberg syndrome. Dejerine and Roussy then described this
condition as a lesion of the thalamus in 1906s. Cassinari and Pagni expanded the
definition to included lesions along the spinothalamic pathways in 1969.

Approximately 8% of stroke patients are afflicted with CPSP, with increased risk
given to increased age [1].

Pathophysiology

CPSP can occur in weeks to months after the stroke and falls under the category of
neuropathic pain [2]. One hypothesized mechanism includes the result of hyper-
irritable surviving cells along the spinothalamic and thalamocortical pathways [3].
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Symptoms

Onset of pain can be immediate in 20% of patients with CPSP, 50% within 1 month
of acute stroke, and the remaining 30% after 1 month of acute stroke [4]. CPSP can
be constant or intermittent. CPSP is associated with the following: mild hemipare-
sis; hemisensory deficit; hyperpathia, which is pain out of proportion to a mildy
noxious stimuli; allodynia, which is perception of pain to non-noxious stimuli;
hemiataxia; astereognosis, which is reduced object recognition; movement disorder,
which lasts for hours on one side of the body [2]. Pain is described as burning, cold,
stabbing, sharp, aching, pricking, squeezing, shooting, tingling, or heavy; it is often
triggered by light touch or change in temperature [2].

Functional Limitations

Severe pain associated with CPSP can impact the performance of activities of daily
living (ADLSs), thereby impacting the quality of life.

Treatment/Common Techniques
Initial

First-line treatment involves oral pain medicines, which include amitriptyline,
lamotrigine, and gabapentin. These medications often only provide limited relief.
Other second-line medications include nortriptyline, desipramine, imipramine, dox-
epin, venlafaxine, maprotiline, pregabalin, carbamazepine, mexiletine, fluvox-
amine, and phenytoin.

Rehabilitation

The patient should be offered supportive counseling and education on this condi-
tion. Neuropsychological strategies can be used to modulate pain perception with
the use of biofeedback, self-hypnosis, and relaxation techniques. Positioning and
use of resting splints are important in the prevention of contracture formation.
Transcutaneous nerve stimulation (TENS) at high (70-100 Hz) and low (1-4 Hz)
frequencies can be used for pain relief on either ipsilateral or contralateral sides [5].

Procedures

Acupuncture can be used though little evidence currently supports its use.
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Surgery

Deep brain stimulation has been used in few recalcitrant cases of CPSP [2].
Neurosurgical ablative strategies of medial thalamotomy and mesencephalic trac-
tomy have been used in recalcitrant CPSP associated with allodynia and hyper-
pathia [6]. For further reference, please see chapter on neurosurgical procedures for
pain.

Potential Treatment Complications

Avoid the use of TENS in individuals with a cardiac pacemaker or defibrillator.
Neurosurgical ablative interventions are often complicated by morbidity and
mortality, which include onset of dysesthesias, hemiparesis, cognitive impair-
ment, or death.

Evidence

Few treatment strategies are available to target sensory deficits associated with
CPSP.

Conclusion

CPSP is a relatively common chronic pain condition that develops after stroke,
which can impact the quality of life of patients. There are few treatment strategies
that are evidence based, but could nevertheless potentially abbreviate symptoms if
recognized early.

Post-Stroke Shoulder Pain (PSSP)

Introduction

There are many possible causes of post-stroke shoulder pain (PSSP), which include
shoulder subluxation, adhesive capsulitis, impingement syndrome, complex
regional pain syndrome (CRPS), brachial plexus/peripheral nerve injury, or spastic-
ity. PSSP pain is reported in 62% of stroke survivors [7].
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Pathophysiology

Risk factors associated with PSSP include motor weakness, sensory deficits, range-
of-motion deficits, spasticity, and other comorbidities such as diabetes mellitus.
Shoulder subluxation is the result of excessive movement, without complete dis-
location, through the glenohumeral joint. However, the presence of subluxation does
not always lead to pain. The most common direction of subluxation is inferior and
can be seen in up to 50% of patients following stroke [8]. Shoulder subluxation is the
result of weakness of the rotator cuff muscles, which is secondary to hemiparesis.
Adhesive capsulitis, also known as frozen shoulder, is an inflammatory condition
that causes fibrosis of the joint capsule that surrounds the glenohumeral joint.
Impingement syndrome is pain associated with compression of the supraspinatus
muscle and/or subacromial bursa between the greater tuberosity of the humeral head
and the acromion, due to hyperdynamic instability of the glenohumeral joint of the
shoulder. Impingement syndrome can lead to more significant rotator cuff injury.
Complex regional pain syndrome (CRPS) following stroke falls under the cate-
gory of type 1, which has previously been referred to as reflex sympathetic dystro-
phy (RSD) or shoulder-hand syndrome [2]. It is related to impaired regulation of the
autonomic nervous system though this has yet to be proven [2]. This is reported in
12-25% of hemiparetic post-stroke patients [9].
Brachial plexus or peripheral nerve injury occurs as the result of excessive trac-
tion to the shoulder on the hemiparetic side.

Symptoms

Shoulder subluxation presents with inferior location of the humeral head relative to
the acromion and can sometimes be associated with pain.

Adhesive capsulitis presents with pain associated with both passive and active
range of motion, in particular with external range of motion and abduction relative
to the glenohumeral joint.

Overhead activities associated with frequent shoulder abduction can cause
impingement pain. Bicipital tendonitis is often involved with shoulder impingement.

CRPS is associated with edema, temperature changes, loss of range of motion,
and pain with vasomotor changes [2]. Loss of range can occur over several joints,
including the fingers, wrist, and shoulder, while sparing the elbow.

Functional Limitations

PSSP can impact functional use of the affected limb, but may not necessarily impact
quality of life, which may be secondary to learned use of compensatory strategies
by affected patients.
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Both shoulder subluxation and adhesive capsulitis lead to reduced range of
motion, which can impact the performance of activities of daily living.

Treatment/Common Techniques
Initial

Positioning is important for shoulder subluxation as well as in prevention of bra-
chial plexus/peripheral nerve injury causing PSSP. While seated in a wheelchair,
arm boards or arm trays should be used. Velcro can be used to secure the arm,
which is prone to falling off due to poor motor control of the patient. While ambu-
lating, arms slings can be used. Slings should be removed once in bed to prevent
contracture formation. Shoulder taping, which is performed by a therapist can
help to reduce shoulder subluxation. Oral medications can be initiated for pain
management, such as acetaminophen or nonsteroidal anti-inflammatory drugs
(e.g., ibuprofen). Oral steroids and range of motion are the initial strategies in the
treatment of CRPS. Topical analgesics such as capsaicin cream or diclofenac gel
may also be helpful.

Rehabilitation

Range of motion and strengthening exercises of the rotator cuff and scapular stabi-
lizing muscles, under the guidance of a therapist, are important to address in condi-
tions of shoulder subluxation and adhesive capsulitis. Functional electrical
stimulation, directed towards the supraspinatus and posterior deltoid muscles, can
be helpful in cases of pain associated with shoulder subluxation [10]. Therapeutic
ultrasound can be helpful in the treatment of subacromial bursitis that contributes to
shoulder impingement. Passive range of motion, massage, contrast baths, ultra-
sound, and desensitization strategies with active incorporation of the uninvolved
side can be helpful in the treatment of CRPS [11]. Compression gloves are helpful
in further controlling edema of the affected hand in CRPS.

Procedures

Acupuncture may be an option for pain management. Subacromial steroid injec-
tions can be helpful in cases of pain associated with shoulder subluxation or
shoulder impingement. Glenohumeral steroid injections can be helpful in adhe-
sive capsulitis. Cervical sympathetic stellate ganglion blocks and Bier blocks can
be used in the treatment of CRPS, if oral medications fail [7]. Stellate ganglion
blocks are particularly helpful in patients who have developed an ipsilateral
Horner syndrome.
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Surgery

Cervical sympathectomy may be an option for recalcitrant CRPS that does not
respond to oral medications or the above-mentioned interventions. Surgical repair is
an option for the treatment of rotator cuff tear.

Potential Treatment Complications

Excessive use of acetaminophen can cause liver damage in doses greater than
3000 mg per day. Chronic NSAID use can cause renal or gastrointestinal complica-
tions. Use of heating modalities in CRPS may contribute to worsening edema.

Evidence

FES has not been shown to be effective in the treatment of shoulder impingement.
In general, the pathogenesis of PSSP has not been studied well and remains
controversial.

Conclusion

PSSP is a common painful condition seen in stroke, with a prevalence of 12% at
18-30 months post stroke [12].
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Chapter 6
Pain in the Spasticity Rehabilitation Patient

Anjum Sayyad

Introduction

Spasticity is an unmasked reflex that occurs when there is a lesion in the central
nervous system (CNS), a type of upper motor neuron (UMN) sign, first described by
nineteenth century neurologist Hughlings Jackson [1]. Clinicians identify it as a
velocity dependent increase in muscle tone when a particular muscle is stretched
through its full range of motion. It can also be described as “muscle over activity.”
Injuries to the CNS that can lead to spasticity include stroke, brain injury, spinal
cord injury (SCI), multiple sclerosis (MS), and cerebral palsy. Prevalence varies
from each condition: 28-38% in stroke patients, 60—-80% in SCI patients, 41-66%
in MS patients, and 13% in traumatic brain injury patients [2].

Pathophysiology

Spasticity is mediated through monosynaptic and polysynaptic spinal reflexes that
are unmasked after injury to the CNS. There is reduced cortical inhibition of UMN
spinal reflexes, which leads to a decreased threshold for reflex firing, and subse-
quent emergence of spasticity [3]. Spasticity emerges in SCI patients after spinal
shock resolves.
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Symptoms

There are characteristic spasticity patterns that can emerge in the upper and lower
extremities. Upper extremities often will present with a flexor synergy pattern of
finger flexion, wrist flexion, forearm supination or pronation, elbow flexion, and
shoulder internal rotation [4]. The lower extremities often will present with an
extensor synergy pattern of plantar flexion, toe flexion, knee extension, and hip
extension [4]. Spasticity may also present with abnormal posturing of the trunk.
Spasticity can often be made worse when the body perceives a noxious stimulus,
such as bladder retention, urinary tract infection, pressure sore, ingrown toenail,
constipation, occult fracture, excessively tight clothing, pulmonary embolus, or any
other illness (e.g., syringomyelia).

Functional Limitations

Not all spasticity needs to be treated, and some spasticity may create a functional
advantage that helps with gait mechanics, bed mobility, transfers, and general mainte-
nance of muscle bulk. In other instances, spasticity is often associated with pain and
discomfort when affected limbs are moved or stretched against the increased tone.

Many functional limitations can occur with both upper and lower extremity spas-
ticity. Upper extremity spasticity can lead to an impaired ability to perform self-
care, hygiene, grooming, feeding, and dressing. Lower extremity spasticity can
impact gait, thereby increasing risk of falls and/or inability to tolerate braces.

Skin breakdown can occur in areas with joint tightness, which can limit the abil-
ity to maintain hygiene, such as cleaning the hands, genitals, or axilla. Skin break-
down can also occur with abnormal pressures across exposed joints.

Spasticity can also affect impact bladder and bowel management, as well as sex-
ual activity.

Poor posture due to increased spasticity through the trunk can affect transfers, bed
mobility, sleep, hygiene, and positioning while in the seated or supine position.

Spasticity, when sustained for an extended period of time, can lead to muscle and
tendon shortening, ultimately leading to a functional state of contracture formation.

Treatment/Common Techniques
Initial
It is important to rule out other organic causes that may be exacerbating and contrib-

uting to spasticity, such as a urinary tract infection, constipation, and bladder reten-
tion. Although some clinicians opt to initiate treatment of spasticity with oral
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medications, localized injection therapy with botulinum toxin is considered an
appropriate first-line treatment. Oral medications include baclofen, dantrolene,
diazepam, clonidine, and tizanidine. Tizanidine may have the dual ability to treat
both spasticity and pain.

Rehabilitation

Physical and occupational therapy, that incorporates stretching, offers an important
adjunct to both oral and injectable medication. Both can help to maintain range of
motion and to determine appropriate splinting strategies for the upper and lower
extremity. More than 40% of SCI-associated spasticity responds to stretching and
should be performed twice daily. Stretching helps to maintain numbers of sarco-
meres, reduces buildup of connective tissue, and thereby maintains muscle bulk and
length [5]. Serial casting is an option for allowing sustained stretch across a muscle
longer than could be offered with splinting alone [2]. Strengthening exercises can
help to reduce spasticity by improving both strength and motor control.

For postural management, use of a standing frame can be helpful in allowing
patients to remain in an upright position, which allows full weight bearing across
extended hips, extended knee, and dorsiflexed ankles. Electrical stimulation may be
used to reduce spasticity although its benefits tend to be temporary [6].

Procedures

Injection therapy is an effective way of treating localized spasticity. Phenol injections
cause tissue destruction or nerve lysis, thereby reducing spasticity. Onset of action for
phenol is within minutes and can last up to 6-9 months. Botulinum toxin injections
prevent pre-synaptic release of acetylcholine at the neuromuscular junction, leading to
temporary denervation, thereby reducing muscle contraction that contributes to spas-
ticity. Onset of action for botulinum toxin is within 5—10 days and lasts up to 3 months.

Surgery

When spasticity is not adequately addressed in dosages that are safe with injectable
or oral therapy, the spastic patient can be considered for intrathecal therapy (ITT)
baclofen treatment. Intrathecal administration of baclofen is 100 times more effec-
tive than the oral dose, and therefore can be administered in microgram versus mil-
ligram amounts [7]. This reduces the risk of cognitive side effects, while allowing
for easier dose titration. This does require the expertise of an interventionist or sur-
geon for placement of a catheter in the intrathecal space after a successful
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intrathecal bolus or continuous trial, which is then connected to a pump. The pump
is generally placed in the lateral lower quadrant of abdomen subcutaneously; a short
inpatient hospital stay may be required.

Following implant, pumps require refill at least every 6 months depending on the
dose and concentration of baclofen, which can be performed in an outpatient clinic
setting. Pump batteries typically last 7 years, and require further surgical interven-
tion for replacement. For further reference, please see chapter on intrathecal therapy
ATT).

Surgical release of contractures (tendon transfers and/or tendon/muscle-
lengthening procedures) can also be considered in cases where hygiene or skin
breakdown is an issue. One type of surgery is SPLATT (split anterior tendon trans-
fer), which can help to treat a plantar flexed, inverted foot [8].

General principles for surgical release are as follows: consider surgery sooner
than later, before deformities are fixed and severe; consider surgery if it can improve
motor control of affected limbs; consider surgery if it reduces care giving burden or
reduces the risk of skin breakdown.

Other types of surgeries performed to treat spasticity include cordectomies or
myelotomies; however, these are less frequently performed mainly due to limited
long-term success demonstrated [9].

Potential Treatment Complications

Oral antispasmodic medications carry sedation as a major side effect. This side effect
may impact a patient’s adherence to the use of these agents. Clonidine and tizanidine
can cause hypotension by virtue of their alpha-2 blocking pharmacology. Dantrolene
has a high risk for hepatotoxicity; it requires periodic monitoring of liver function.

Splinting or casting can cause pressure sores and should be monitored carefully
by therapists and doctors.

Life-threatening complications have been noted in the literature, which include
overdose or withdrawal associated with baclofen use, in either oral or intrathecal
forms. Pump failures have been seen with battery failure, lack of refill, pump dis-
lodgement/migration, or catheter block (kinking) [2]. Common adverse reactions to
intrathecal baclofen include headaches, cerebrospinal fluid leak, drowsiness, vomit-
ing, and hypotension. Patients must be screened carefully on an individual and
psycho-social/family support level, to be able to follow through on appointments for
regular pump refills. Additionally, patients should be screened for realistic expecta-
tions of therapy, before consideration of an ITT trial [2]. Acute baclofen withdrawal
presents as high fever, confusion with hallucinations, worsening spasticity with
rigidity, pruritus, seizures, or death [11]. Acute baclofen overdose include drowsi-
ness, respiratory depression, or coma [2].

Potential adverse reactions of botulinum toxin injection therapy although revers-
ible after 3 months, include excessive weakness, respiratory tract infections, dys-
phagia, fever, pain, or falls [12]. In rare cases, larger volume dilutions of botulinum
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toxin therapy have been shown to spread to the contralateral limb, as proven on
electromyographic studies [13]. Immuno-resistance to botulinum toxin has been
seen, with loss of responsiveness to injection therapy [14]. This is likely related to
an immunogenic response to the complex proteins found in the preparations of cer-
tain types of botulinum toxin injection formulations. Risk factors for the develop-
ment of immuno-resistance include exposure to large and frequent doses of
botulinum toxin; this has led to the gold standard practice of not injecting more
frequently than every 3 months.

Potential adverse reactions of phenol injections include skin sloughing, infec-
tions, muscle necrosis, and/or pain. Sensory side effects of phenol may not be as
relevant in SCI patients, who are insensate below the level of injury.

Evidence

In a Cochrane review of oral medications, limited efficacy was shown in improving
functional status of patients with spasticity. Only tizanidine showed improvement of
modified Ashworth score although it did not improve function. Benzodiazepines,
such as diazepam, have been shown to have clinical efficacy in patients with M'S and
spinal cord injury. Evidence on the use of combination oral medications is also lack-
ing in the literature. Limited evidence is seen in the literature about the efficacy of
stretching on spasticity and contracture management although smaller studies have
shown passive stretching to be helpful in reducing tone and increasing range of
motion in patients with brain injury. Smaller studies have demonstrated the benefits
of splinting for reducing spasticity of affected limbs, as it represents stretching over
an extended period of time. Small trials have demonstrated the value of standing
frames in spinal cord injury and MS patients. Meta analyses of randomized con-
trolled trials demonstrated the value of strengthening exercises, while not worsen-
ing of spasticity in stroke patients. In the Cochrane review of modalities used for the
treatment of spasticity, which include extracorporeal show wave therapy, repetitive
transcranial magnetic stimulation, transcranial direct current stimulation, and elec-
tromagnetic therapy, only “low”-level evidence was found for transcranial magnetic
stimulation. Randomized controlled trials have demonstrated a reduction of spastic-
ity with botulinum toxin injection therapy, without improvement in function.

Conclusion

Treatment of spasticity requires careful evaluation of the patient from both a biome-
chanical and functional perspective. Treatment also requires careful evaluation of
the risks and benefits of all medications and procedures, while employing a multi-
disciplinary team approach with therapists for an optimal outcome. Treatment strat-
egies should be assessed at each visit and adjusted accordingly.
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Chapter 7
Pain in the Orthopedic Rehabilitation Patient

Joshua Minori, Edward Wieseltier, and Theresa Lie-Nemeth

Introduction

Despite continued advances in acute treatment options for the orthopedic patient,
postoperative pain and its effects on the patient remain problematic. Inadequate pain
control has been related to adverse events, such as coronary ischemia and infarction,
impaired pulmonary function, paralytic ileus, decreased immune function, poor
wound healing, urinary retention, venous thrombosis, unnecessary psychological
distress, and anxiety [1]. Uncontrolled postoperative pain has also been shown to
promote extended hospital stays, increased re-admissions, and higher total direct
medical costs [2—4].

Arthritis is the most significant cause of disability in older Americans. It affects
over 70 million people and accounts for as much as 120 billion dollars in costs
annually [5]. In the United States, it is estimated that by 2030 the demand for both
total knee arthroplasty (TKA) and total hip arthroplasty (THA) will increase by
673% and 174%, respectively [6, 7].

Pain following Total Joint Arthroplasties (TJAs)

Acute post-surgical pain (APSP) can often become intractable and may lead to
chronic post-surgical pain (CPSP). If long-term pain persists for greater than 2
months after surgery, it has been shown to halt the recovery process, disrupt
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activities of daily living (ADL), affect quality of life, and result in physical debility
leaving the patient dissatisfied with their surgical experience [8-10].

A recent prospective cohort study, which compared standardized pain scores
from various surgical procedures performed in a large number of hospitals, found
that major orthopedic surgery was highly associated with elevated pain scores. In
fact, 22 of the 40 procedures with the highest pain scores were orthopedic surgical
procedures of the extremities [11].

As for total joint arthroplasty (TJA), persistent pain and dissatisfaction at least 6
months following surgery can be as high as 20% for TKA and 8% THA. Wylde
et al. [12] found that 44% of TKA patients and 27% of THA patients reported per-
sistent pain of any severity 3—4 years after undergoing surgery. It should be noted
that the majority reported mild and infrequent pain that was notably reduced from
their preoperative state; however, 15% of TKA patients and 6% of THA patients
reported severe-extreme persistent pain.

CPSP has a high likelihood of affecting patients undergoing shoulder replace-
ment surgery as well. A study by Bjgrnholdt et al. [13] defined persistent pain as
pain experienced constantly or every day within the last month, at a level that inter-
fered with daily activities. Although it was defined slightly differently, persistent
pain was reported to be as high as 22% 1-2 years after primary shoulder replace-
ment, and presumed neuropathic pain was 13%.

Psychosocial Predictive Factors/Concomitant Pain Problems

When working to achieve adequate pain control in the orthopedic rehabilitation
patient, it is important to be aware of the psychosocial factors and predictors that
put a patient at risk for developing CPSP. Persistent post-surgical pain and achieve-
ment of rehabilitation milestones are independently and notably associated with
psychosocial factors, such as pre- and postoperative levels of anxiety and depres-
sion, maladaptive coping skills, social support systems, and pain catastrophizing
(PO) [9, 14-16].

A wide variety of factors such as genetics, age, education, socioeconomic status,
surgical duration and techniques, type of anesthesia, pain in other body areas,
comorbidities, chronic opioid use, pre-operative pain, and acute postoperative pain
have also been linked to an increased risk of developing CPSP [17, 18]. A recent
systematic review and meta-analysis found that catastrophizing, pre-surgical mental
health, preoperative knee pain, and pain at other sites are the strongest independent
predictors of persistent pain following TKA [19].
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Shift of Pain Burden from Acute Care Hospital
to the Rehabilitation Hospital

Due to surgical advancements and subsequent shorter hospital courses of patients
undergoing common orthopedic procedures such as total joint arthroplasties, the
burden of early adequate pain management has recently begun to shift to inpatient
rehabilitation hospitals, community-based health care providers, and the patients
themselves [20].

Pathophysiology

Iatrogenic Post-Surgical Pain

Orthopedic surgery causes tissue injury and leads to the release of inflammatory
mediators that may activate central and peripheral mechanisms of pain. This is
termed “incisional pain” and is defined as acute pain resulting from nociceptive,
ischemic, and inflammatory mechanisms, as well as nerve damage [21].

Arthritic Pain

A large number of orthopedic patients in the rehabilitation setting have a high preva-
lence of osteoarthritis. Overall, the pathophysiology of osteoarthritis pain remains
poorly understood, and it is well known that radiographic severity does not always
correlate with clinical severity [22]. However, studies are finding that sensitization,
both peripheral and central, as well as hyperalgesia, are prominent mechanisms in
osteoarthritis pain and may be why patients with osteoarthritis experience chronic
postoperative pain after a seemingly successful total joint arthroplasty [23, 24].

Bone Pain

The pain receptors of the periosteum are supplied by a plexus made up of myelin-
ated A-delta and myelinated C-fibers [25]. The firing frequency of noxious stimula-
tion is high in these fibers. Also, the periosteum has the lowest pain threshold of the
deep somatic structures, which is one of the reasons why bone injury is more painful
than soft tissue injury [26].
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Catastrophizing

Pain catastrophizing is defined as an exaggerated negative mental set or focus on
pain, which is brought to bear during an actual or anticipated painful experience
[27]. As previously mentioned, it is one of the strongest predictors of persistent
postoperative pain. In addition, elevated PC following knee surgery in patients with
osteoarthritis has been correlated with disability and increased pain levels for up to
6 months postoperatively [28-30].

Symptoms

In the orthopedic rehabilitation patient, pain can be the sequela of symptoms caused
by the inciting injury or by the surgical treatment, such as effusions, edema, struc-
tural deformities, and skin abnormalities, which include surgical incisions, ecchy-
mosis, tenting, or blistering. In patients who have undergone TJA, it is important to
keep in mind that TKA tends to be more painful than THA.

Function

Pain can frequently contribute to symptoms affecting the patient’s function and
overall health, such as sleep disturbances, weakness, decreased range of motion,
endurance, proprioception, and balance.

Psychological

Acute and chronic pain can also be accompanied by emotional distress and can
make a patient more susceptible to psychosocial consequences, such as anxiety and
depression.

Nociceptive

Nociceptive pain is characteristically described as sharp, aching, or throbbing in
nature and is often well localized.



7 Pain in the Orthopedic Rehabilitation Patient 73
Arthritic Pain

Typically, symptoms of arthritis include the following: joint pain and tenderness
that is worse in the morning and lessens with mild to moderate activity; difficulty
walking; increased pain with prolonged or vigorous activity that is relieved by rest;
stiffness or limited range of motion.

Functional Limitations

Due to Pain or Fear of Activity

Pain is a predominant limiting factor for participation in therapy and functional
gains. A study by Holla et al. [31] found that the initial experience of knee pain due
to osteoarthritis during physical activity leads to anticipation that further activity
will cause more pain. As a result, patients may avoid activity.

Limited participation and function, secondary to pain or fear of movement, can
lead to physical deconditioning and can hinder activities of daily living (ADLs) as
well as mobility. It may also predispose a patient to various medical complications
affecting multiple organ systems, such as the pulmonary and cardiovascular sys-
tems. Decreased active and passive range of motion following TKA can require
manipulation under anesthesia to prevent contracture formation.

Due to Mechanical

Functional limitations may be due to mechanical factors associated with the injury
and treatment, both surgical and non-surgical. These include, but are not limited to
joint precautions, immobilization, weight-bearing restrictions, range of motion
restrictions, and the use of assistive devices or durable medical equipment.

Treatment

Multimodal Analgesia

Each institution should try to incorporate a comprehensive multimodal analgesia
approach to pain management, which takes advantage of the synergistic effects of
different classes of analgesic agents and targets various regions of the pain path-
ways. The ultimate goal of any multimodal approach is to maximize the benefits of
each medication, while decreasing the need for opioid use and reducing the
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analgesic-related adverse effects of each medication [2]. Physicians and rehabilita-
tion hospitals should have standardized pain control protocols, but customization is
often required to some extent based on allergies and comorbidities. For example,
elderly patients with preexisting cognitive decline or mild dementia are at a greater
risk for postoperative delirium, and medications like opioids should be used
with caution. Multimodal analgesia has not only led to a decline of postoperative
pain, but has led to a decrease in rates of delirium and reduction of cognitive
dysfunction [32, 33].

When ordering pain medications in the rehabilitation setting, it is important
to consider scheduling them, particularly prior to therapy. If medications are
scheduled, analgesia is better optimized, as serum levels are more stable [34].

Medications

Acetaminophen

Acetaminophen is best used for mild pain and in conjunction with opioids such as
hydrocodone or oxycodone. Attention should be paid to the patient’s hepatic
function.

Topical Lidocaine

Lidocaine ointment and patches may provide a good potential adjunctive option, as
there are no significant side effects. Unfortunately, a study by Khanna et al. [35]
found that lidocaine patches did not provide additional relief as compared to control
subjects.

NSAIDs and COX-2 Inhibitors

NSAIDs work by inhibiting the synthesis of prostaglandins in body tissues, by
inhibiting at least two cyclooxygenase (COX) isoenzymes, COX-1 and COX-2.
This may inhibit chemotaxis, alter lymphocyte activity, decrease pro-inflammatory
cytokine activity, and inhibit neutrophil aggregation. These effects may contribute
to anti-inflammatory activity. Since the traditional NSAIDs inhibit both COX-1 and
COX-2, they can elicit more side effects, in particular adverse gastrointestinal
events and bleeding.

In general, traditional NSAIDs are not frequently used following TJA because
patients are also being prescribed some type of anticoagulation for the prevention of
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thromboembolism, so the use of NSAIDs in the setting of deep vein thrombosis
prophylaxis would potentially increase the risk of bleeding. However, COX-2 inhib-
itors, such as celecoxib, do not affect COX-1 at therapeutic concentrations, thereby
decreasing formation of prostaglandin synthesis and lowering the adverse effects on
gastric mucosa. COX-2 inhibitors may be used cautiously as part of a multimodal
treatment regimen.

Topical NSAIDs

Topical NSAIDs include medications such as diclofenac sodium 1% gel and diclof-
enac sodium 1.5% in 45.5% dimethylsulfoxide solution. These have shown to be
beneficial in the treatment of knee osteoarthritis. This is a potential option for adult
patients who are at risk of systemic toxicity from oral NSAIDs [4].

Tramadol

This is a non-opioid derived synthetic opioid. It may act at least partially by binding
to opioid mu receptors causing inhibition of ascending pain pathways. However,
there are studies showing that there is no difference in pain control between placebo
and tramadol groups [36].

Opioids

Opioids bind to mu, kappa, and delta in the CNS and peripheral tissues; they pre-
synaptically lower the influx of calcium to reduce neurotransmitter release in sen-
sory C fibers and post-synaptically increase the transport of potassium in the cell to
facilitate hyper-polarization in second-order neurons. There are studies indicating
that patients placed on chronic opioids prior to total knee arthroplasty may be at
greater risk of poor postoperative pain management [37]. Opioids are effective at
relieving severe musculoskeletal pain. Adverse reactions of CNS depression, respi-
ratory depression, nausea and vomiting, or constipation may require adjuvant drugs,
such as anti-emetics or laxatives. Opioids may also impair judgment or motor skills,
resulting in changes in balance or falls [4]. Oxycodone may be the preferred agent
for two reasons. First, it has higher bio-availability as compared to morphine, result-
ing in more stable plasma levels. Second, oxycodone is not as affected by renal
dysfunction, as compared to morphine [38].
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N-Methyl-p-Aspartate (NMDA) Receptor Antagonists

NMDA receptor antagonists potentiate the effect of opioids and prevent hyperalgesic
complications from uncontrolled pain [39]. The medication ketamine is the main exam-
ple. A study by Remerand et al. [40] demonstrated that patients treated postoperatively
after a total hip arthroplasty with ketamine had significantly decreased morphine con-
sumption and decreased pain. All patients were managed with a multimodal pain man-
agement regimen concurrently. Side effects include hallucinations, nausea, emesis, and
vision changes. This medication is only available intravenously and intramuscularly;
therefore, it is not typically used in the inpatient or outpatient rehabilitation setting.

Rehabilitation

Therapy

It is important to stress aggressive post-acute rehabilitation, with a focus on return
to functional activity, in order to assure a reduction in the likelihood of uncontrolled
pain [20, 41].

Modalities

Cryotherapy, or the use of ice/cold, may be beneficial to help with pain and swelling
after TJA. One study by Su et al. showed that the use of a cryo-pneumatic device
after TKA decreased opioid usage from hospital discharge to 2 weeks postopera-
tively [42]. However, a Cochrane review did not show clear evidence to support the
use of cryotherapy [43].

Psychology

Most rehabilitation hospitals incorporate psychologists into the treatment program.
Focus should be placed on the psychosocial factors that are known to play a key role
in continued pain, such as pain catastrophizing [44].

Weight Reduction

Weight reduction is a goal that should be incorporated into the rehabilitation process
due to the well-documented association with being overweight and joint symptoms [5].
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Education

Information on postsurgical pain and management should be provided to orthopedic
patients presenting to a rehabilitation facility. Knowing what to expect may help to
alleviate anxiety associated with the rehabilitation process and the management of
postoperative pain. More importantly, it can reduce the burden of acute and chronic
opioid use.

A recent review showed that only 1 of 13 studies demonstrated an improvement
in postoperative pain following pre-operative education, as compared to a non-
educated group [45]. In contrast, there was a five-year retrospective study that looked
at outpatient orthopedic surgical patients who underwent a comprehensive pre- and
postoperative program with the intent of minimizing opioid use. The study revealed
that 89% of the patients used less than or equal to 20 opioid tablets after undergoing
common orthopedic procedures and no chronic opioid use was required [46].

Procedures

Injections

There are several forms of injections that can be performed to help with relieving
pain in the orthopedic patient, prior to and after surgery, such as intra-articular cor-
ticosteroid injections of the hips, knees, and shoulders, and visco-supplementation
with hyaluronic acid of the knee. Local infiltration anesthesia (LIA) with anesthet-
ics, steroids, NSAIDS, and epinephrine has been shown to be beneficial in reducing
pain following TKA [47]. Intrathecal and epidural anesthesia/analgesia, as well as
peripheral nerve blocks, can be helpful in reducing pain postoperatively in total
joint replacements.

Acupuncture

Although more studies need to be performed, Crespin et al. [48] found a significant
decrease in moderate to severe pain after TJIR with the use of acupuncture, from 41
to 15% of patients.

Surgery

Revision surgery may be required if the patient has uncontrolled pain due to a
mechanical problem with prosthesis or malalignment.
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Potential Treatment Complications

Modalities

Skin burns or breakdown of the incision may occur with modality use.

Medications

NSAIDS

Bleeding and renal dysfunction are the primary potential complications. There are
concerns that the use of COX-2 inhibitors and NSAIDs may interfere with osseo-
integration and fracture healing, but there is little level I or II evidence available to
support or to refute this concern.

Opioids

The risks of opioid use include addiction, allergic reaction, and the following sys-
temic side effects:

System Effect

Gastrointestinal Nausea, vomiting, constipation, ileus
Respiratory Respiratory depression, hypoxia
Integumentary Pruritus

Neurologic Delirium, somnolence
Genitourinary Urinary retention
Rehabilitation

Potential complications of rehabilitation include falls and additional injuries, such
as fractures, dislocation, and soft tissue damage.

Procedures and Surgeries

As with any procedure or surgery, there may be risk of infection or failure.
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Conclusion

Early patient performance in therapy is closely tied to how well postoperative pain
is controlled. Uncontrolled pain has a detrimental implication on the patient’s abil-
ity to participate in therapy. As with any patient being admitted to a rehabilitation
hospital, collaboration between the patient, family members, and interdisciplinary
care team members including the surgeon, physiatrist, consulting physicians, nurses,
therapists, social workers, and psychologist is critical to optimize early function and
to maintain adequate pain control.
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Chapter 8
Pain in the Tendinopathy Rehabilitation
Patient

Marissa L. Darling, Daniel A. Fung, and Timothy T. Davis

Introduction

Tendinopathy is broad term that encompasses all tendon disorders and is used to
describe any abnormal conditions of the tendon. Tendinitis refers to acute inflam-
mation, usually occurring over a short period of time, with evidence of incomplete
tendon degeneration and inflammatory repair response. Tendinosis refers to chronic
tendon injury or tendon degeneration, without the clinical or histological signs of an
inflammatory response. Frequently, both the terms “tendinosis” and “tendinopathy”
are used to describe chronic overload conditions of the tendon.

Despite the prevalence and rising incidence of tendinopathies, particularly in the
athletic population, treatment of tendinopathies and tendon pain remains challeng-
ing and frustrating for both clinicians and patients. It is estimated that approxi-
mately 50% of sports injuries are due to overuse [1, 2]. The condition can be resistant
to treatment and often recurs. Overuse injuries account for more than 7% of all
physician office visits in the United States [3]. Quality of life suffers, particularly in
active individuals and athletes because of chronic pain and its disruption to athletic,
occupation-related activities, and even activities of daily living.
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Fig. 8.1 Tendon structure (need to make our own illustration)

Pathophysiology

Tendons transmit the force of muscle contraction to bone and across joints to
produce the body’s movement and to provide joint stabilization. A healthy tendon
comprises fibrous connective tissue, which is a complex arrangement of cells (teno-
cytes), collagen bundles, and ground substance rich in proteoglycans (extracellular
matrix). Tenocytes are capable of proliferation and produce collagen, elastin, and
proteoglycans, which maintain healthy tissue structure and function. Tenocytes are
also able to resist mechanical forces and self-repair when injured. The tendon is
arranged with increasing complexity from the collagen fibril, collagen fiber, the
primary bundle, the secondary fiber bundle, the tertiary fiber bundle, and finally the
tendon (Fig. 8.1). Each of these layers is separated by connective tissue sheaths,
which also contain vascular, lymphatic, and nerve supplies, and allow for smooth
movement of the tendon against surrounding tissue [4].

There is often a poor correlation between clinical symptoms of tendonopathies
and objective evidence of tissue disruption. It is thought that a tendon’s relatively
avascular nature limits its capacity for healing. The tensile load imposed on ten-
dons, especially in gliding zones around bony prominences, may induce transient
ischemia, creating areas of tissue weakness, loss of cell viability, and even macro-
structure disruption (rupture), due to poor perfusion [5]. Histological appearance of
a normal tendon differs from a tendon with overuse-type tendinopathy injury/tendi-
nosis though the exact pathological process has yet to be fully elucidated [6].

Tendinopathy seems to be the response to overuse injury resulting in a pathologic
cascade of changes in the normal tendon repair process and creating a pathological cycle
of degeneration and attempted failed regeneration. Microscopic examination of tissue
from painful tendons reveals variable features, such as collagen disarray and fiber disor-
ganization, increased proteoglycans and water, increased number of cells (myofibro-
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blasts and fibroblasts), more chondroid appearance of tenocytes, and the presence of
neovascularization [7]. However, there is an absence of inflammatory cells, indicating an
insufficient repair process that leads to tendon degeneration. Macroscopic changes
include tendon thickening, loss of mechanical properties, and pain [8, 9]. However,
imaging studies (i.e., ultrasound, magnetic resonance imaging) reveal that these changes
can exist in non-painful tendons and may be an incidental finding. Therefore, tendinopa-
thy must require clinical symptoms and cannot be diagnosed by imaging [10].
Although overuse and overloading are commonly accepted as the cause of tendi-
nopathy, there are a number of other intrinsic and extrinsic factors that may contribute
to its development. Intrinsic factors include age, nutrition, vascular perfusion, obesity,
adiposity, poor biomechanics, and anatomical variants, which include limb malalign-
ments, bony impingement, leg length discrepancy, joint laxity, muscle weakness/
imbalance, systemic disease, and possibly gender [11, 12]. Extrinsic factors include
occupation, sport, physical load (repetitive or abnormal/unusual loading), training
errors, such as poor technique, fast progression, high intensity, or fatigue, shoes and
equipment, environmental conditions, including temperature, and running surface [13].

Common Tendinopathies

The types of overuse injury depend on several factors, including age and activity
[14]. For instance, in the pediatric and adolescent population, tendons and ligaments
are stronger than the epiphyseal plate, and are thus more prone to injury at the
epiphyseal plate rather than the tendon or ligament. When tendon injuries do occur
in children, the insertion site of the tendon at the apophyses is more likely injured
than the main body of the tendon [15, 16]. In contrast, in the adult population, most
tendinopathies refer to intra-tendinous condition. Older patients or adult athletes
presenting to musculoskeletal clinics are usually diagnosed with traditional overuse
injuries, including rotator cuff injures (18%), Achilles tendon (20%), and medial
and lateral epicondylitis, which occur from sport or work-related activities [17].
Common tendinopathies in the upper extremity include rotator cuff tendinopathy,
bicipital tendinopathy, and medial and lateral epicondylitis. Common tendinopa-
thies in the lower extremity include hamstring tendinopathy, patellar tendinopathy/
jumper’s knee, Achilles tendinopathy, and peroneal tendinopathy [18].

Symptoms

Tendinopathy is the clinical syndrome of tendon pain and dysfunction, usually due
to overuse. Symptoms include localized pain with loading, tenderness to palpation,
and impaired function. Frequently, tendon pain is characterized by a transient on/off
nature consistently linked to loading. Pain is preceded by excessive energy storage
and release in the tendon. Therefore, the tendon is rarely painful at rest or during
low-load activities. For example, a patient with patellar tendinopathy usually has
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pain with jumping, but not cycling because of the different demands of the muscu-
lotendinous unit. Another characteristic pain pattern of tendinopathy is that the ten-
don “warms up” and becomes less painful over the course of activity, with variable
times of exquisite tendon pain after exercise [19].

Functional Limitations

Chronic tendon pain itself can adversely affect quality of life because of the patient’s
inability to participate in exercise, athletic activities, occupation-related activities,
or ADLs. However, tendinopathy is also associated with alterations in biomechanics
and may affect motor control, movement variability, and strength due to disuse or
guarding. Less variable motor patterns create a system that is less adaptive to
changes in the environment and increases the likelihood of injury or re-injury [20].

Treatment

Optimal treatment of tendinopathy is debated, though nonoperative management is
still the mainstay. Initial treatment includes avoidance of aggravating factors, relative
rest, ice, stretching, and analgesic medications. Broadly, conservative management
involves physical therapy including modalities, medications, and injections [21].

Conservative Treatments

Rehabilitation management includes physical therapy and physical modalities.
Eccentric strengthening is one of the mainstays in the treatment of tendinopathy and
involves the application of load and muscle exertion to a lengthening muscle,
thought to stimulate tissue remodeling and normalization of tendon structure.
Eccentric exercises should be done under the guidance of a trained physical thera-
pist, as overloading the musculotendinous junction can lead to further injury. A
systematic review by Kingma et al. found a mean pain reduction of 60% in patients
with chronic Achilles tendinopathy who completed eccentric training compared to
33% in control groups (traditional concentric strengthening programs) [22]. Other
studies also showed eccentric training was more effective than traditional concen-
tric training for treating Achilles and patellar tendinopathies [23-26].

Physical modalities include sound-assisted soft tissue massage/friction massage,
cryotherapy, low-level laser therapy, ultrasound therapy, ionotophoresis/phonopho-
resis, and extracorporeal shock-wave therapy [21]. Sound-assisted soft tissue mas-
sage (SASTM), augmented soft tissue mobilization (ASTM), or friction massage
involve the application of friction-directed force onto a tendon or ligament to pro-
mote or induce physiological and structural tissue changes. This is thought to occur
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through local hyperemia, massage analgesia, and reduction of adherent scar tissue
[27]. Cryotherapy involves the application of cold (ice bags, ice massages, chemical
cold packs, ice water immersion, ice circulating units, and vapocoolant sprays) to
the injured area. This helps to reduce inflammation and swelling through vasocon-
striction and decreased blood flow, as well as pain reduction through the gate con-
trol theory and by temporarily inhibiting effects to the neuromuscular system [28].
Although cryotherapy is beneficial in acute injuries, its efficacy in chronic injuries
has not been as well studied [29]. Cryotherapy should be avoided in patients with
cold hypersensitivity, cold intolerance, and Raynaud disease [30].

Low-level laser therapy (LLLT) uses light energy to induce ATP production,
enhance cell function, increase protein synthesis, and to reduce inflammation,
increase collagen synthesis, and angiogenesis. Laser sources are used at powers too
low to cause measurable temperature increases, but should still not be used over
cancerous areas, eyes, open wounds, pregnancy, or the epiphysis [31].

Therapeutic ultrasound is used for its nonthermal tissue healing effects and ther-
mal effects. Low-frequency intensity ultrasound causes movement of fluids along
cell membranes and formation of gas-filled bubbles, which is thought to promote
tissue repair. At higher intensity, ultrasound also increases tissue temperature,
reduces muscle spasm, and reduces pain. Contraindications include use over isch-
emic areas, deep vein thrombosis, anesthetic areas, actively infected areas, and over
certain body parts such as the eyes, heart, skull, genitals, the trunk or abdomen in a
pregnant woman, and over stress factors or osteoporotic areas [32].

Phonophoresis and iontophoresis use ultrasound energy and electrical pulse
waves, respectively, to diffuse medication through the skin into affected areas.
Commonly used medications are corticosteroids, lidocaine, salicylates, and acetic
acid. Contraindications are similar to those of therapeutic ultrasound [33].

Extracorporeal shock-wave therapy (ESWT) delivers a single-impulse acoustic
wave through an electromagnetic, electrohydraulic, or piezoelectric source [34].
The peak pressure of a shock wave is approximately 1000 times of an ultrasound
wave. The mechanism of ESWT is not well understood. Some postulate that it stim-
ulates production of angiogenic markers and neovascularization, while reducing
calcitonin gene relayed peptide expression in dorsal root ganglions to induce tissue
repair and regeneration [35].

Currently, the literature regarding the efficacy of the aforementioned physical
modalities shows conflicting results and little evidence to support their use in treat-
ing tendinopathy, with the exception of ultrasound for calcific tendonitis and ESWT
in calcific tendinopathy of the rotator cuff [21]. In addition, bracing/splinting is also
a widely used treatment option [18].

Medication-based therapy usually includes NSAIDs, which work by inhibiting
the cyclooxygenase (COX) pathway and by reducing the inflammatory response to
injury [36]. Although few studies show that NSAIDS may be effective in relieving
tendon pain in the short term (7—14 days), they may in fact be detrimental to the
healing process by inhibiting the inflammatory response and thus normal tendon
repair [21]. Pain control through NSAID use may also allow patients to ignore early
symptoms, leading to further tendon damage and preventing definitive healing [37].
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Furthermore, the side effects of NSAIDs are not insignificant in regard to the renal
system, cardiovascular system, asthma exacerbation, and gastrointestinal bleeding,
and should be used with caution in older patients with medical comorbidities. Thus,
a short course of NSAIDs may be reasonable in acute tendon pain associated with
inflammation (tendinitis/tenosynovitis) and perhaps early in a tendon overuse injury,
but not in chronic treatment of tendinosis [7, 21, 35, 38].

Nitric oxide therapy may also be used in treating tendinopathy [39]. Nitric oxide
(NO) is a soluble gas thought to be responsible for cell signaling and is synthesized
by NO synthetase enzymes, which are up-regulated in tendon injury [40]. NO is
postulated to enhance tendon collagen synthesis and tendon healing [41]. As such,
research is ongoing regarding the efficacy of exogenous NO in the form of glyceryl
trinitrate patches in treating tendinopathy, both for tendon healing, force, and pain.
Three randomized, controlled, double-blind clinical studies by Paoloni and col-
leagues looked at whether transcutaneous administration of NO (glyceryl trinitrate
patches) would enhance tendon healing in humans for treatment of lateral epicon-
dylitis, Achilles tendinopathy, and rotator cuff tendinopathy. Treatment groups
showed an improvement in pain, an increase in power, and an improvement function
compared to controls [42—44]. The improvement persisted even at 3 years [45]. In
2010, Gambito et al. performed a meta-analysis on seven randomized clinical trials
looking at the effects of topical nitroglycerin for tendinopathy treatment and found
that it provides short-term pain relief and enhanced tendon forces in the chronic
phase [46]. For now, topical glyceryl trinitrate for treatment of tendinopathy is still
considered off-label by the Food and Drug Administration (FDA) and larger multi-
center trials would be useful in validating this treatment modality.

Injection-based treatment includes injecting corticosteroid, platelet-rich plasma,
whole autologous blood, prolotherapy, stem cells, and skin-derived tenocyte-like
cells. Corticosteroid injections have remained the first-line approach to treating ten-
don pain through their anti-inflammatory effects [2, 47]. However, as tendinopa-
thies frequently do not display an inflammatory state, it is not surprising that studies
now show though corticosteroid injections help with pain initially [48]; they offer
no intermediate or long-term benefit [3, 49-52].

A study by Newcomer et al. showed that there were no significant differences
between corticosteroid injections and rehabilitation for lateral epicondylitis and that
all patients had equal improvement in pain scores at 6 months [53]. A systematic
review by Coombes et al. found that corticosteroids helped only with initial pain
reduction in lateral epicondylitis and in rotator cuff pain [47]. Alvarez et al. found
that a subacromial injection of betamethasone was no more effective than anesthetic
alone in chronic rotator cuff tendinosis with regard to range of motion, quality of
life, or impingement signs [48]. A systematic review by van Ark et al. found that
corticosteroid injections had worse relapse pain rates when compared with physical
therapy and other injection therapies at 6 months and beyond [54].

Although corticosteroids are still used as the first-line treatment of tendinopa-
thy, they are not without risks or complications, and given the evidence in literature
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at this time, it seems that corticosteroid injections remain a good treatment for
short-term symptoms, but may not be very helpful for long-term management.

Platelet-rich plasma (PRP) is a concentrate of platelets obtained from patient’s
own blood that is centrifuged down to its various components. The PRP layer is then
drawn off and re-injected into the site of injury to promote healing and regeneration
by the action of growth factors and increased collagen expression, which leads to
tendon cell proliferation and healing [55, 56].

So far, studies comparing the efficacy of PRP to various other treatments are
still inconclusive. DeVos et al. showed that PRP injections did not improve pain
or functional outcome in chronic Achilles tendinopathy compared to saline injec-
tion at 24 weeks or 1 year, nor did they change tendon structure or neovasculariza-
tion based on ultrasound [57-59]. A systematic review by Paloloni et al. of human
clinical trials did not find evidence that PRP injections were superior to other
injections in treating tendon or ligament injuries [60]. However, a systematic
review of in vivo studies by Taylor et al. showed some improvement, as well as
studies by Peerbooms et al., which showed improvement in lateral epicondylitis
pain compared to steroid. Gaweda et al. found improved pain and ultrasound
parameters in Achilles tendinopathy [55, 61, 62]. However, Filardo et al. found no
significant improvement in patients treated with PRP and physical therapy com-
pared to physical therapy alone [63].

Similar to PRP, whole autologous blood injections are also thought to be rich
in growth factors for cell proliferation and collagen regeneration [64, 65].
Although promising as a treatment option, more controlled research must first be
done to determine efficacy and side effects [66—70]. Prolotherapy involves inject-
ing proliferating agents (dextrose, phenol-glycerin-glucose, or sodium morrhuate)
at painful tendon sites to induce an inflammatory response and lead to healing
through tendon hypertrophy [71]. Again, given limited data, prolotherapy’s true
efficacy is not yet known [72-76]. Skin-derived tenocyte-like cells is a novel
approach that has only been explored in clinical pilot studies. Connell et al.
injected autologous skin-derived tenocyte-like cells in patients with refractory lat-
eral epicondylitis under ultrasound guidance and found that patients reported
symptom improvement at 6 weeks, 3 months, and 6 months. Furthermore, ultra-
sound showed statistically significant changes in the number of tears, new vessels,
and tendon thickness [77]. With the exception of corticosteroid injections, more
studies are needed to determine the efficacy and side effects of the aforemen-
tioned injection therapies. Other procedures in the treatment of tendinopathy
include injection of sclerosing medications, such as polidocanol injections, which
destroy neovasculature to provide pain relief, and future therapies involving stem
cell technology in tendon grafting and repair [7].

Also included in conservative management is integrative and complementary
medicine, such as homeopathy and Traditional Chinese Medicine, including acu-
puncture [78, 79].
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Percutaneous Tenotomy (See Chap. 69)
Surgical Treatments

Surgical options are often only considered in recalcitrant cases of tendinopathy and
as a treatment of last resort. Surgical procedures focus on excising areas of failed
tendon healing and fibrosis, pathological nerve, and vascular ingrowth. Tissue
debridement is thought to stimulate a new healing process by restoring vascularity
and initiating stem cell growth and protein synthesis [7, 21]. Tenotomies can be
performed open, arthroscopically, or percutaneously using ultrasound guidance
[80]. The best surgical success has been seen in lateral epicondylitis and Achilles
tendinopathy, with success rates in the 65% to 95% range, though these studies are
generally retrospective and based on case series without adequate controls. Less
evidence is available in surgical outcomes for other tendinopathies [21]. Although
good results may be obtained with debridement and/or decompression, failure rates
can be as high as 20-30% and involve prolonged delay to full activity of 4-12
months [3, 7, 21, 51].

Conclusion

Tendinopathies are a common and debilitating chronic condition that can be diffi-
cult to treat. They can lead to the decline in a patient’s quality of life and physical
fitness. Thus, it is important to understand the available treatment options and their
limitations and to continue to develop novel treatment options. Still, the best initial
approach is conservative management, beginning with a rehabilitation program,
including physical therapy, particularly eccentric exercises. Medications, modali-
ties, injections, and percutaneous procedures should be added to the treatment pro-
gram as needed. Open surgery should be saved as a treatment of last resort for
recalcitrant cases given their considerable cost and potential for morbidity, and only
modest success in treating tendinopathy. Further research in the area of growth fac-
tors and stem cells is needed and may be promising in offering a treatment to reverse
the degenerative process and promote the regeneration of a healthy tendon.
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Chapter 9
Pain in the Amputation Rehabilitation Patient

Edward Wieseltier, Joshua Minori, and Theresa Lie-Nemeth

Introduction

Pain can place a significant functional limitation on the lives of people with amputa-
tions. It can be difficult to treat, but with the use of a multimodal treatment para-
digm, positive outcomes can be attained. This chapter will help to identify the
differences between residual limb pain, phantom limb sensation, and phantom limb
pain. There will be a discussion on the various treatment options, which include
psychological management, physical and occupational therapy, medications, inter-
ventional procedures, and surgery.

Pathophysiology and Symptoms

Residual Limb Pain

A patient who requires an amputation of one of their limbs, or of another body part,
is at risk of developing a variety of pain syndromes. One of the first postoperative
complaints is residual limb pain. Residual limb pain is also known as stump pain,
incisional pain, or surgical site pain. This type of pain is usually described as aching
or throbbing and is localized to the residual limb. Pain typically subsides over a one
to three-week time period.

E. Wieseltier, D.O. (0<)) ¢ J. Minori, D.O. ¢ T. Lie-Nemeth, M.D.

Department of Physical Medicine and Rehabilitation, Schwab Rehabilitation Hospital,
1401 S. California Blvd, Chicago, IL 60608, USA

e-mail: lalo858 @ gmail.com; joshuami@pcom.edu; theresa.lie-nemeth @sinai.org

© Springer International Publishing Switzerland 2017 95
A. Carayannopoulos (ed.), Comprehensive Pain Management
in the Rehabilitation Patient, DOI 10.1007/978-3-319-16784-8_9


mailto:lalo858@gmail.com
mailto:joshuami@pcom.edu
mailto:theresa.lie-nemeth@sinai.org

96 E. Wieseltier et al.

The pathophysiology of residual limb pain occurs via nociceptive nerve fibers. It
has been shown that incision of deep tissue, rather than skin alone, increases the
amount of nociceptive transmission through the dorsal horn neurons. [1] These
nociceptive nerve fibers are carried through the fast myelinated A-delta fibers, as
well as non-myelinated C-fibers.

Other causes of pain in the residual limb include ischemia, infection, neuroma
formation, and pressure points from bone spurs or pathologic bone formation.
Residual limb pain in a later stage could be attributed to shear forces on adherent
scars, a poorly fitting prosthesis, intermittent claudication, or other medical or neu-
rological conditions.

Phantom Limb Sensation:

Phantom limb sensation [PLS] is very common in patients with amputation. The
incidence is approximately 60—80% immediately after amputation [2]. Only about
10% of patients develop PLS after 1 month. The term PLS is reserved for individu-
als who have an awareness of the missing portion of their limb. PLS is not painful;
therefore, it is rarely a clinical problem and usually diminishes over time. A variety
of sensations may be felt, such as mild numbness and tingling, itching, or a feeling
as if the amputated limb is in certain postures or is undergoing particular move-
ments. There is also a phenomenon called “telescoping,” in which the distal end of
the missing limb feels as if it is retracted into the proximal end. Patients feel as if
they can move the phantom limb [3]. This can be used as a form of therapy in an
attempt to prevent phantom limb pain.

Normally, there is an extensive array of networks in the brain that are triggered
by continuous incoming modulated flow from the periphery. When this flow ceases,
cortical reorganization occurs, leading to non-painful phantom sensations triggered
by input from body areas adjacent to the lost limb.

Phantom Limb Pain

The International Association for the Study of Pain (IASP) defines phantom limb
pain (PLP) as “pain referred to a surgically removed limb or portion thereof” [4].
Many patients will describe the pain as similar to other neuropathic pains, such as
sharp, burning, stabbing, shooting, electric, squeezing, or knife-like. The pain may
also feel the same as the pain that presented in the limb prior to amputation [5].

Seventy two percent of all patients with lower limb amputation report PLP [6].
Fifty percent of patients have pain within 1 week postoperatively. Pain may be
delayed weeks, months, or years after the amputation [3]. Management of PLP
may be challenging given that the pain is coming from a part of the body that is no
longer present.
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PLP is an extreme example of deafferentation. Deafferentation pain is consid-
ered to be the result of destruction of the spinothalamic tract, which transmits
somatosensory information about pain, itch, and rough touch [7]. The theory behind
PLP is thought to be related to neuroplasticity in the somatosensory cortex; there are
plastic changes that occur just adjacent to the missing body part.

In the 1980s, Merzenich performed a series of experiments, in which he ampu-
tated the middle finger of adult monkeys and found that within 2 months, the area of
cortex corresponding to this digit started to respond to touch stimuli delivered to the
adjacent digits [8]. In long-term deafferentation of one upper limb, the cortical area
originally corresponding to the hand is taken over by the sensory input from the
face; the cells in the “hand area” now start responding to stimuli applied to the lower
face region [8].

Advances in neuro-imaging and brain stimulation techniques have allowed fur-
ther knowledge to be gained as to how these neuroplastic changes occur. Transcranial
magnetic stimulation (TMS) is one method of noninvasive motor mapping. A coil is
placed on the scalp over the primary motor cortex; a suprathreshold stimulation is
applied and can then be measured by EMG. The coil can be moved up and down
across the precentral gyrus (primary motor cortex) and can induce motor evoked
potentials (MEP) in a somatotopic fashion.

Karl and colleagues used TMS to map motor representations in the primary
motor cortex (M1) in people with amputated forearms. Their findings demonstrated
that the areas on the contralateral M1 of the amputated arm had expanded represen-
tations of the body parts closest to the amputation, which included the upper arm
and lip. They also discovered that the motor cortical representation of the missing
limb is not completely gone. One hypothesis posits that the brain may interpret
residual limb muscle contraction, and the resultant sensory information, as phantom
limb movement [7].

Functional magnetic resonance imaging (fMRI) is another noninvasive brain
mapping method. A study by Wrigley et al. [9] evaluated brain activity during sen-
sory stimulation in spinal cord injury patients. The study showed that activity during
sensory stimulation to the little finger was expanded into parts of the primary
somatosensory cortex (S1) that would normally receive afferent information from
the lower limbs.

Treatment and Potential Complications

Residual Limb Pain

Postoperative edema can contribute to residual limb pain. An immediate postopera-
tive prosthesis (IPOP) is sometimes placed on the residual limb, in the operating room,
to help prevent knee flexion contractures and to control edema. One concern with
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use of an [POP is that it can lead to hygiene problems. Other more common options
for edema control include elastic wrappings or stockinettes (e.g., ACE wraps or
Tubigrip), residual limb shrinkers, rigid non-removable dressings, rigid removable
dressings, and prosthetic silicone or gel liners [5, 10]. Problems with non-removable
rigid dressings and IPOP include difficulty with inspection and desensitization.
Other forms of compression, if applied incorrectly, could contribute to skin break-
down or a tourniquet effect.

As with any major surgery, postoperative pain may be significant. A stepwise
approach to pain management should be utilized to treat residual limb pain in the
rehabilitation setting. If the pain is mild, the patient’s pain may be controlled with
acetaminophen. More likely, patients will have moderate to severe pain requiring
opioids with or without acetaminophen. Opioids bind to mu, kappa, and delta in the
central nervous system and peripheral tissues. They pre-synaptically lower the
influx of calcium to reduce neurotransmitter release in sensory C fibers and post-
synaptically increase the transport of potassium in the cell to facilitate hyper-
polarization in second-order neurons.

Commonly used opioids include hydrocodone and oxycodone. Hydrocodone/
acetaminophen combinations come in 5, 7.5, and 10 mg strengths of hydrocodone
and patients may be prescribed one to two tablets, every 4-6 h, as needed for pain.
The prescriber should be aware of the amount of daily acetaminophen consumption.
Oxycodone/acetaminophen can be substituted, if hydrocodone is insufficient. The
dosing is one to two tablets of oxycodone/acetaminophen, 5/325 mg, every 46 h,
as needed for pain. Oxycodone, without acetaminophen, may also be used for
breakthrough pain, if the patient is consuming higher amounts of acetaminophen or
has liver dysfunction. Oxycodone immediate release may be dosed 10-20 mg, every
4-6 h, as needed for pain. [11].

Sustained-release opioid formulations are also available and may be used in
combination with an immediate release opioid for optimal pain relief. In addition, it
may be advantageous to schedule pain medications prior to therapy so that the
patient can obtain the most benefit during their sessions [5]. The more commonly
used sustained release opioids include sustained release morphine sulfate, dosed at
15 mg increments, every 12 h, and sustained release oxycodone, dosed at 10 mg
increments, every 12 h. Potential side effects of opioids include nausea, vomiting,
constipation, drowsiness, dizziness, and respiratory depression.

If patients cannot tolerate opioids, tramadol may be tried. Tramadol is a non-
opioid derived synthetic opioid. It acts by binding to opioid mu receptors, in addi-
tion to inhibiting norepinephrine and serotonin reuptake. This medication carries
some similar side effects to opioids, except that tramadol can lower the seizure
threshold and potentiate the serotonin syndrome in combination with certain other
medications, such as SNRIs and SSRIs. Tramadol carries a risk of abuse potential,
but much lower than opioid analgesics. For tramadol dosing, start with 50 mg once
daily or twice daily. Increase by 50—100 mg daily in divided doses, every 3—7 days,
as tolerated until pain relief. Total daily dose should not exceed 400 mg daily, and
in patients over 75 years old, 300 mg daily.

Tapentadol is a newer opioid analgesic which has two mechanisms of action:
a mu-opioid receptor agonist as well as a norepinephrine reuptake inhibitor, similar
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to tramadol, but more potent. It is available in immediate and extended release
formulations. The immediate release formula comes in 50, 75, and 100 mg strengths
taken every 4—6 h, while the extended release is available in 50, 100, 150, 200, and
250 mg strengths, taken every 12 h. Use of tapentadol is not recommended for
patients with severe renal or hepatic impairment and is contraindicated in patients
with risk of seizures.

Phantom Limb Sensation

Patients should be educated and reassured that phantom limb sensation is normal.
Recognizing PLS early on can help to prevent progression to phantom limb pain.
Simple techniques such as light massage or tapping of the residual limb, vibration,
and transcutaneous electrical nerve stimulation (TENS) can help to avoid this pro-
gression. For phantom itch, patients may try scratching the contralateral intact limb
in the same location of the itching [5].

Phantom Limb Pain
Psychological Management

Working with a rehabilitation psychologist in the acute inpatient rehabilitation set-
ting can be beneficial. The psychologist can help the patient to cope with their new
self-image. Biofeedback and cognitive behavioral therapy can also be used to reduce
pain. Biofeedback therapy can incorporate techniques such as progressive muscle
relaxation or guided imagery, together with electromyographic (EMG) biofeedback
or skin temperature feedback. Muscle relaxation techniques help to reduce muscle
tension and to increase blood flow and may be efficacious in treating PLP [12].
Thermal biofeedback training is thought to help in PLP by mediating net regional
sympathetic arousal. It allows an individual to monitor peripheral temperature and
to thereby indirectly monitor and modify sympathetic activity. In a small study,
Harden and associates demonstrated that by using thermal biofeedback, a patient
can have reduction in PLP over a 4-6 -week course [12].

Rehabilitation Management: Physical and Occupational Therapies

Desensitization of the residual limb is important in the postoperative phase of reha-
bilitation. Limitations to desensitization might include non-removable postopera-
tive casts or IPOP. Rubbing or massaging the residual limb is recommended for
desensitization. Therapists may also apply different textures to the residual limb.
Soft tissue and scar mobilization can also be performed. These techniques are ini-
tially performed by the therapist and then taught to the patient.
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Physical modalities such as acupuncture, TENS, vibration, and ultrasound are
thought to relieve pain through the gate control mechanism. If the non-nociceptive
A-beta fibers are activated through these modalities, transmission of the nociceptive
A-delta and C-fibers will be inhibited [13].

Mirror therapy has been shown to be very beneficial in helping to treat PLP. In
mirror therapy, the patient looks at the reflection of their intact limb in a mirror box.
This can induce sensations of movement in the phantom limb. Physiological studies
have shown that both the mirror-box therapy and the motor imagery resulted in
increased excitability of the corticospinal spinal pathways [14]. This partially
depends on the so-called mirror neuron system, which includes neurons that are
active not only during the execution of the task itself, but also during the observation
of the task [15]. A controlled neuroimaging study of motor imagery in PLP resulted
in a significant decrease of intensity and unpleasantness of pain, which correlated
with reduction (improvement) of cortical reorganization [16].

Medication Management

Pharmacologic therapy is the mainstay for patients experiencing phantom limb
pain. The following will provide a breakdown of the different classifications of
medications and dosing considerations:

Topicals

Lidocaine acts by stabilizing the neuronal membrane through inhibiting the ionic
fluxes required for initiation and conduction of impulses, thereby affecting local
anesthetic action. Options include application of lidocaine 5% transdermal patch or
ointment. There are very few side effects. At most, the patient may experience local
erythema or a rash. Patches should be applied at a maximum of three daily for 12 h
[17]. Lidocaine ointment might be a preferred choice, as applying ointment allows
the patient to perform desensitization techniques concurrently.

Capsaicin, a highly selective agonist for transient receptor potential vanilloid 1
(TRPV1), expressed in nociceptive fibers, can be helpful for PLP, though the evi-
dence for its efficacy is mixed [18, 19]. The cream or patch is applied to the affected
area, three to four times daily. The main side effect is a burning sensation that
decreases with continued use.

GABAergic Drugs

Gabapentin is a very common medication used to treat neuropathic pain and is less
expensive than other formulations of neuropathic pain medications available.
Gabapentin interacts with the alpha 2 delta subunit of L-type calcium channels. The
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mechanism of action is not well understood, but is thought to involve a decrease in
calcium currents. Common side effects include sedation, dizziness, and peripheral
edema. As with many of the neuropathic agents, patients who are more sensitive to
medications should “start low and go slow.”

The following are some dosing considerations for gabapentin. Start with 100—
300 mg at bedtime, or 100-300 mg, three times daily. Increase by 100-300 mg,
three times daily, every 1-7 days, as tolerated until pain relief. The maximum daily
dose is 3600 mg in patients with normal renal function [17]. Given that some
patients with amputation may also have renal impairment, it is important to adjust
the dose based off of creatinine clearance (CrCl). If CrCl is 30-60, the dose should
be between 200 and 700 mg every 12 h. If CrCl is 15-29, patients should receive
between 200— and 700 mg daily. If CrCl is less than 15, then the dose should be
between 100— and 300 mg daily.

Pregabalin also interacts with the alpha 2 delta subunit of L-type calcium chan-
nels. Pregabalin requires less frequent dosing than gabapentin. The drawback is that
it is more expensive than gabapentin. Common side effects include sedation, dizzi-
ness, and peripheral edema. It is usually better tolerated than gabapentin [17].
Pregabalin may be started 50 mg three times daily, or 75 mg twice daily. The dose
can be increased to a total of 300 mg daily, after 3—7 days, then increased again to
150 mg/day, every 3—7 days, as tolerated until pain relief. Maximum daily dose is
600 mg [17]. Pregabalin dose should also be adjusted depending on CrCl. Any
patient with a CrCl of 30-60 should decrease their dose of pregabalin by 50%,
divided BID or TID. For CrCl 15-30: if patient requires 150 mg/day with normal
renal function, then decrease dose to 25-50 mg/day and administer daily or divided
BID. If patient requires 300 mg/day with normal renal function, then decrease dose
to 75 mg/day and administer daily or divided BID.

Other anticonvulsants used in the treatment of PLP include carbamazepine,
oxcarbazepine, topiramate, and levetiracetam. These anticonvulsants may be used
in combination with each other, or with antidepressants [5].

Tricyclic Antidepressants

Tricyclic antidepressants (TCAs) act by inhibiting the reuptake of norepinephrine
(NE) and serotonin (SHT). Anti-neuralgic properties of TCAs are independent
from their antidepressant effects. Tertiary TCAs such as amitriptyline and imipra-
mine have a larger side effect profile when compared to secondary TCAs, but ter-
tiary TCAs tend to be more effective than secondary TCAs for painful peripheral
neuropathies [20]. O’Connor et al. [17] stated that TCAs appear to have equivalent
analgesic benefits in both depressed and nondepressed patients with neuropathic
pain. Of the TCAs, secondary amine TCAs, including nortriptyline and desipra-
mine, are recommended because they provide pain relief that is comparable to
amitriptyline and other tertiary amine TCAs while causing fewer side effects. Some
potential side effects include sedation, postural hypotension, arrhythmias in
patients with cardiac disease, seizures in patients with epilepsy, and weight gain.
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The following are some dosing considerations for secondary amine TCAs (nortrip-
tyline and desipramine). Start with 25 mg at bedtime; increase by 25 mg daily
every 3—7 days as tolerated until pain relief; the maximum daily dose should not
exceed 150 mg [17].

Serotonin Norepinephrine Reuptake Inhibitors (SNRI)

Consider this class of medication if the patient is experiencing depression or anxi-
ety, associated with pain. Medications in this class include venlafaxine and dulox-
etine. These medications inhibit the reuptake of serotonin and norepinephrine as
well. Duloxetine is the only FDA approved medication with both pain and psychi-
atric indications (diabetic neuropathic pain, fibromyalgia, generalized anxiety, and
major depression). For duloxetine, start with 30 mg once daily. Increase to 60 mg
once daily after 1 week. Do not exceed maximum daily dose of 60 mg twice daily
[17]. It is important to understand that the nor-epinephrine effect occurs between
60— and 90 mg, and higher doses are more serotonergic and used for primary mood
disorders. For venlafaxine, start with 37.5 mg once or twice daily. Increase by 75 mg
each week as tolerated until pain relief. Do not exceed maximum daily dose of
225 mg daily [17]. Again, it is important to understand that the dose for targeting
neuropathic pain is generally 75 mg daily.

Tetracyclic Antidepressant (TeCA)

Mirtazepine is helpful for sleep, anxiety, depression, and neuropathic pain. This
medication may be started at 15 mg nightly, or 7.5 mg in patients who are more
sensitive to medication. The dose can be increased, up to a maximum of 45 mg.
Weight gain is a potential side effect.

Opioids

Opioids have been shown to be helpful in PLP, in particular, IV morphine in the
perioperative phase and oral morphine for intermediate and long-term treatment
[18]. Ideally, opioid use should be used in the acute phase, while other medications
are being titrated. Long-term use should only be considered if other treatments are
ineffective. The lowest effective dose should be given, while monitoring for signs of
misuse. Equi-analgesic dosages should be used for other opioid analgesics. With
morphine, start with 10-15 mg, every 4 h, or as needed. After 1 to 2 weeks, convert
the total daily dosage to a long-acting opioid analgesic and continue short-acting
medication, as needed. If a patient reaches a total daily dose of 120—180 mg of mor-
phine, then they should be evaluated by a pain specialist.
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NMDA (N-methyl-D-aspartate) Receptor Antagonists

Medications such as ketamine produce dissociative anesthesia by blocking NMDA
receptors. Interventional pain clinics often administer this medication via I'V infu-
sion. Potential side effects include hallucinations, panic attacks, and increased car-
diac output. Other NMDA receptor antagonists include oral memantine and
dextromethorphan [18].

Calcitonin

There use of calcitonin for neuropathic pain, including phantom limb pain, is off-
label. In particular, the IV formulation has been shown to be beneficial [18]. The
mechanism of action for its anti-nociceptive effect is not entirely understood, but it
may be centrally acting by exerting action on serotonin. Increases in serum beta-
endorphin levels caused by calcitonin may also contribute to analgesia, presumably
because of an association with opiate receptor uptake [21]. Most common side
effects are nausea, vomiting, and flushing.

Interventional Procedures and Surgery

Residual Limb Pain from Neuromas

For neuromas in the residual limb, injections with steroid and local anesthetics may
be considered. If neuroma pain is persistent, neuroma ablation can be performed
using phenol, alcohol, or cryoablation. Radiofrequency ablation has also been
attempted. If these techniques do not resolve the pain caused by neuromas, surgical
excision can be performed with an 80% success rate [5].

Phantom Limb Pain

Preoperative, intraoperative, and postoperative epidural anesthesia should be uti-
lized if possible, in particular for patients who suffer with painful limbs prior to
amputation. In a study by Karanikolas et al. [22], optimized perioperative analgesia
starting 48 h preoperatively and lasting 48 h postoperatively markedly decreased
phantom limb pain at 6 months postoperatively.

Spinal cord stimulation (SCS) involves placement of electrodes in the epidural
space, over the dorsal columns. An electric current is then applied to achieve
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sympatholytic and other neuromodulatory effects. Phase 1 of the treatment involves
a percutaneous or paddle SCS trial, which includes temporary placement of an elec-
trical stimulator with an externalized generator. Only those patients with positive
outcomes are considered for permanent implantation, which includes an internal
electrode array and implanted pulse generator (IPG). Clinical results indicate ben-
eficial effects of SCS in PLP patients on immediate as well as long-term outcomes
although the percentage of patients maintaining optimal pain control declined with
time [23].

Deep brain stimulation (DBS) involves placement of implantable leads in subcor-
tical areas, such as the thalamus, basal ganglia, and the peri-aqueductal gray, through
which electrical stimulation is performed. DBS has been used to treat several areas
of chronic pain [24]. The use of DBS for PLP is controversial. However, some
patients benefit from DBS, experiencing long-term pain relief and improved quality
of life [25]. For further review, please see dedicated chapter on DBS for pain.

Dorsal root ganglion (DRG) stimulation has a similar approach to dorsal column
stimulation. In a retrospective case series of patients, who were suffering from PLP
with or without residual limb pain and underwent DRG stimulation implant, the results
showed improved ratings of quality of life and functional capacity. Furthermore, some
patients were able to reduce or to eliminate pain medications [26]. Using an epidural
approach under fluoroscopic guidance, the stimulating contacts were placed near rel-
evant DRGs based on individual pain distributions. Successful trial was considered
when patients achieved 50% or greater pain relief in their primary area over several
days. Pain reduction on average was 52% at last follow up in the study.

Conclusion

Patients with amputation can experience residual limb pain, phantom limb sensa-
tion, and phantom limb pain. Pain may be difficult to treat, but many options exist
to reduce discomfort. The physician, therapy team, psychologist, and nursing staff
need to work in an interdisciplinary fashion to evaluate and to control pain. It is also
very important to make sure the patient and their families and/or caregivers are well
educated about the potential complications, such as PLP, prior to the amputation, as
well as treatment options and care postoperatively. Rehabilitation is very important
for the patients to reach their maximum functional capacity.
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Chapter 10
Pain in the Cancer Rehabilitation Patient

Ryan Murphy and Jonas Sokolof

Introduction

Pain related to cancer and its accompanying treatments includes a variety of syn-
dromes, within multiple subtypes of oncologic disease. Optimal pain management
requires patience on behalf of both the patient and provider, as many treatments fail
before some degree of benefit is achieved. Evaluation and management of cancer-
related dysfunction, including pain, is becoming more prevalent. In part, this is
secondary to more patients surviving longer, which is subsequent to advancements
in treatments and improvements in outcomes. There are now dedicated fellowship-
trained sub-specialists in cancer rehabilitation within the specialty of Physical
Medicine and Rehabilitation. The cancer rehabilitation specialist’s role is often to
evaluate and to manage neurologic and musculoskeletal dysfunction in the onco-
logic setting. Currently, there are multiple resources to direct care of this patient
population.

Many disorders cause pain in patients with cancer, including graft-versus host
disease, radiation-induced myopathy/plexopathy, radiation fibrosis syndrome, com-
plex regional pain syndrome, adhesive capsulitis, aromatase inhibitor-induced
arthralgias, mucositis, deep vein thrombosis, pathologic fractures, spasticity, dysto-
nia, avascular necrosis, bone pain, pelvic pain, post-surgical pain syndromes, and
lymphedema. This chapter will focus on two disorders, which are most commonly
seen in the cancer rehabilitation setting. Both disorders may affect the function,
level of pain, and/or quality of life of the patient with cancer.
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Chemotherapy-Induced Peripheral Neuropathy (CIPN)

Natural History

Incidence of this syndrome varies widely within patients and by type of chemo-
therapy. Typically, symptoms will initially present in the distal portion of the toes or
fingers. Symptoms then gradually migrate proximally over time, in a symmetric
“stocking and glove” distribution. This type of neuropathy is usually a dose-
dependent process, which occurs during chemotherapy treatment. There may be a
“coasting effect”, whereby symptoms progress for 2—6 months after cessation of
treatment. Platinum agents are the most common source for CIPN, with reports of
50-100% incidence from the use of such agents. Taxane-induced CIPN may occur
in a range of 15% to greater than 60%. Vinca-alkaloid agents have been shown to
vary widely; Vincristine is similar to Cisplatin, with almost 100% incidence. Other
Vinka-alkaloids may have less than 10% incidence [1]. More recent systematic
reviews from 2014 suggest that the estimated prevalence of CIPN within the first
month of chemotherapy may be as high as 68% [2].

There is considerable variation in the prevalence reported within the literature,
depending on whether the data was patient- or clinician-reported; patient-reported
outcomes were typically significantly higher [3]. Predisposing factors include treat-
ment with multiple chemotherapy agents simultaneously or sequentially. Other fac-
tors include premorbid acquired or hereditary neuropathy, which may have been
previously undiagnosed. Symptoms of CIPN typically improve within the first 3-6
months after cessation of treatment; however, recovery is often incomplete (20—
35%). Rapid improvement of symptoms after chemotherapy cessation may be pre-
dictive of the overall prognosis for recovery of sensation and pain [1, 4]. However,
permanent CIPN has been reported more than a decade after ending chemotherapy,
often presenting with sensory symptoms in the lower extremities [5].

As for possible prevention, many of the treatments studied, which are described
in later sections, have had disappointing results. A recent report in 2014, published
by the American Society of Clinical Oncology (ASCO), included Clinical Practice
Guidelines, which reviewed the available literature and concluded that no agents
were recommended for the prevention of CIPN [6].

Pathophysiology

Mechanisms for CIPN: Platinum agents initially bind to DNA and then induce
apoptosis of neurons within the dorsal root ganglion (DRG) of sensory nerves. A
“coasting effect” may occur due to the accumulation of platinum within the cell
body, which generally results in symptoms long after treatment has been completed.
Taxanes inhibit proper microtubule function within the mitotic spindle, thus inter-
fering with axonal transport in a length-dependent manner. This occurs in both
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motor and sensory nerves and in a symmetrical distribution. Vinca-alkaloids also
inhibit proper microtubule function, which interferes with axonal transport in both
motor and sensory nerves in a symmetrical length-dependent pattern [1].

Signs/Symptoms

Signs: changes in gait pattern, falls, impaired pinprick sensation or proprioception,
allodynia, myalgias, tremors, hyperpathia, orthostatic blood pressure.

Symptoms: numbness, tingling, burning, dysesthesias, paresthesias, cramping,
autonomic symptoms including constipation, diarrhea, abnormal sweating, and diz-
ziness have all been reported [7].

In current clinical practice, CIPN is often assessed using one of several common
toxicity scales; however, these scales are limited as they rely predominantly on sub-
jective patient reporting rather than objective quantitative testing [8].

Functional Limitations

Impairment of fine motor movements, dexterity, and coordination during tasks such
as working, using a telephone, writing, ambulating, which may result in balance
difficulty, gait dysfunction, impaired proprioception, self- care, mobility, and other
routine daily activities or tasks.

Treatments

Options include trialing an alternative chemotherapy agent with a lower neuropathy
side effect profile, lowering the dose, or discontinuing the offending chemotherapy
agent. A significant number of the treatment options are based on expert collective
opinions, case reports, anecdotal evidence, and randomized clinical trials. Otherwise,
they are extrapolated from known treatments for diabetic neuropathy, herpetic neu-
ralgia, or other types of pain.

Medications [4, 9-14]

Non-steroidal antiinflammatory drugs

Ibuprofen, naproxen, meloxicam, celecoxib
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Opioids

Tramadol, tapentadol, codeine, hydrocodone, oxycodone, oxycontin, methadone
Antiepileptics

Gabapentin, pregabalin, venlafaxine, duloxetine, amitriptyline

Antispasmodics

Cyclobenzaprine, metaxalone, baclofen, tizanidine

Supplements

Glutamine, N-acetylcysteine, alpha lipoic acid, curcumin, metanx, vitamin E,
magnesium, and glutathione.

Topical

Diclofenac, lidocaine, compounded creams

Rehabilitation

Exercise, PT, and OT with modalities such as aquatic therapy, paraffin wax baths,
desensitization techniques, manual massage, myofascial release techniques, ice,
superficial heat, TENS unit, biofeedback, cryotherapy, stretching, general exercise,
and trigger avoidance [4, 9, 10, 15, 16].

Procedures

Peripheral nerve block, ganglion block; secondary myofascial trigger point
injection.

Surgery

None.

Other

Adaptive equipment, compression gloves, stockings, sleeves; adequate glucose con-
trol and monitoring of HgA1c levels; assessment of serum folate level, vitamin B12
level [17], and thyroid function for deficiency and need for supplementation;
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evaluation for undiagnosed chronic neuropathies such as Charcot Marie Tooth
(CMT), idiopathic forms, ETOH or toxin induced; evaluation of other comorbidities
that cause or exacerbate neuropathy [10].

Evidence-Based Treatment

This type of neuropathy has proven difficult to manage and to treat. Many drugs
have been tested, which include anticonvulsants, antidepressants, and compounded
creams. Most randomized controlled trials testing a wide variety of drugs, with dif-
ferent mechanisms of action, have not proven to be efficacious [10]. Gabapentin
was not effective in treating oxaliplatin-induced CIPN in a Phase 3 randomized,
double blind placebo-controlled crossover trial in 2007 [18]. However, there is
growing evidence that serotonin and norepinephrine dual reuptake inhibitors
(SNRIs) may be effective in treating neuropathic pain [19]. First-line treatments for
some clinicians include amitriptyline, duloxetine, and pregabalin with some basis
stemming from trials or consensus statements [20-22].

Trials by Goldstein et al. (2005) and Wernicke et al. (2006) have demonstrated
that duloxetine is an effective form of treatment for painful diabetic neuropathy.
However, the best evidence for the use of duloxetine for CIPN came more recently
through a phase 3 randomized placebo-controlled trial of 231 patients by Smith
et al. in 2013 [23]. This study demonstrated that patients with painful CIPN, who
used duloxetine as compared to placebo for 5 weeks, resulted in a greater reduction
in pain (59% versus 38%). Additionally, their results suggested that patients who
received platinum-based drugs experienced more benefit from duloxetine than those
who were treated with taxane-based drugs.

This data led to the development of the American Society of Clinical Oncology
Guidelines in 2014, which gave a moderate recommendation for the treatment of
CIPN with duloxetine. However, the guidelines also recommended clinicians to
provide education and to inform patients of the limited scientific evidence for the
treatment of CIPN, potential side effects, and cost of the use of medications, such as
tricyclic antidepressants, gabapentin, and pregabalin [6].

Just as other areas of medicine, genetic susceptibility has been explored for
CIPN to attempt more individualized treatment based on genetic status. This may
aid clinicians in prescribing more effective treatment in the future [24, 25].

Post-reconstruction/Post-mastectomy Syndrome

Natural History

Significant morbidity after surgical treatment for breast cancer has been well-
documented. Some figures in the literature report that up to 68% of women will expe-
rience some level of impairment, which can involve shoulder pain, rib pain, decreased
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range of motion, lymphedema, and neuropathy [26]. The incidence of post-mastec-
tomy pain syndrome (PMPS) has been reported to range from 30 to 70% [8, 27-30].
According to the International Association of Study for Pain (IASP), post-mastec-
tomy pain syndrome (PMPS) is pain of neuropathic origin, which is likely caused by
peripheral neuropathy, often involving the intercostobrachial nerve [31, 32]. The lat-
eral cutaneous branch of the second intercostal nerve is often resected during mastec-
tomy and this nerve is reported to be injured in 80-100% of cases with axillary
dissection. Tumor involvement or radiation fibrosis in the brachial plexus may also
result in or contribute to PMPS [33]. Some evidence suggests that post-operative pain
may also influence the development of chronic post-mastectomy pain [34]. This syn-
drome occurs following procedures performed to treat breast cancer, such as breast
conserving surgery, breast reconstruction, or tumor enucleation [27, 29, 35]. However,
this syndrome has also been reported in patients with only sentinel node biopsies, with
sparing of the intercostobrachial nerve [8, 35, 36].

Recently, a cohort study by Couceiro et al. in 2014 examined the prevalence and
associated risk factors of 250 women treated surgically for breast cancer. The results
demonstrated a strong association of post-mastectomy pain syndrome (PMPS) in
patients undergoing quadrantectomy with axillary lymphadenectomy, in patients
with a prior history of headache, and in patients less than 50 years of age [37].

Pathophysiology

Pain, scar tissue formation, altered joint motion, venous/lymphatic congestion, neu-
ropathy, plexopathy, and tendonosis are all possible etiologies, which may lead to
rotator cuff impingement, adhesive capsulitis, complex regional pain syndrome,
lymphedema, axillary web syndrome, contracture, and many other disorders.

Signs/Symptoms

Signs: scapular dyskinesia, glenohumeral restriction, loss or restricted range of
motion, impingement syndrome, rotator cuff tendonosis

Symptoms: arthralgias, chest wall pain, shoulder pain, scapular pain, cervicalgia,
intercostal brachalgia, axillary or arm swelling

Functional Limitations

Impairment in activities of daily living (ADLSs, instrumental ADLs), ambulation,
posture; restriction with spine or joint range of motion and/or flexibility; difficulty
with self-care, driving, dressing, working, exercise; symptoms including arm
fatigue, pain at rest, pain with wearing clothing, and sensitivity to temperatures.
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Treatments

A significant proportion of treatment options are based on expert collective opin-
ions, meta-analyses, case reports, anecdotal experience, small randomized clinical
trials, or extrapolated from evidence of treatments for diabetic neuropathy,
chemotherapy-induced neuropathy, herpetic neuralgia, or other types of pain.

Medications [11, 12, 20, 38-41]

Non-steroidal anti-inflammatory drugs

Ibuprofen, naproxen, meloxicam, celecoxib

Opioids

Tramadol, tapentadol, codeine, hydrocodone, oxycodone, oxycontin, methadone
Anticonvulsants

Gabapentin, pregabalin, venlafaxine, duloxetine, amitriptyline
Antispasmodics

Cyclobenzaprine, metaxalone, baclofen, tizanidine

Supplements

Glutamine, N-acetylcysteine, alpha lipoic acid, curcumin, metanx
Topical

Diclofenac, lidocaine, compounded creams

Rehabilitation

PT and OT with modalities; aquatic therapy; desensitization techniques; manual
massage; myofascial release techniques; ice; heat; paraffin wax baths; cryotherapy;
biofeedback; TENS unit; lymphedema therapy, if indicated; bracing; splinting;
orthotics; compression garments; osteopathic manual medicine; exercise. Deep heat
such as ultrasound or phonophoresis is generally contraindicated [15].
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Procedures

Breast implant removal; breast tissue expander removal; chemo-port removal; neu-
roma resection; contracture release; peripheral or ganglion nerve block; spinal cord
stimulator; intrathecal pain pump; cortisone injection; botulinum toxin injection;
plastic or general surgery for scar tissue/adhesion resection; myofascial trigger
point injection; pulsed high intensity laser therapy [42, 43].

Surgery

Pre-procedure rehabilitation; autologous fat grafting for scar adhesion release and
tissue regeneration [44].

Other

Yoga; meditation; acupuncture; walking; rubbing or applying pressure to areas of
pain; support groups with other survivors or community members [45].

Potential Treatment Complications

Deep vein thrombosis; bleeding; pulmonary embolism due to bone marrow dysfunc-
tion and impaired ability to form and break down clots inherent with cancer and related
treatments in the setting of deconditioning or prolonged hospitalization; cellulitis;
infection; worsening of lymphedema or edema; other side effects from medications
listed above, which can include worsening fatigue, somnolence, dizziness, lighthead-
edness, insomnia, vertigo, serotonin syndrome from the interaction of multiple medica-
tions such as an antidepressant with another SNRI/TCA added for neuropathic pain;
fragility fracture from osteoporosis or impending fracture from metastatic bone lesions.
The potential risks and benefits of pursuing any course of therapy must be carefully
weighed. Physical or mental impairment can arise at any point in the disease or treat-
ment process. Preventive counseling with education, prior to treatment or surgery, on
understanding and recognizing potential symptoms will lead to the best outcomes.

Evidence-Based Treatment

Clinical studies yielding evidence-based recommendations remain scant. A few
small studies with varying treatment are notable. In 2011, Caviggioli et al. treated
patients with fat grafting surgery for PMPS with reduction in VAS pain scores in all
72 treatment arm patients at 1 year follow-up [44].
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Shin et al. in 2014 completed a small non-controlled prospective pilot study of
19 patients with PMPS by treating myofascial trigger points in the subscapularis
and pectoralis muscles with ultrasound-guided injections using lidocaine. They
reported 74% of study patients rated their pain significantly lower on the VAS along
with improved range of motion in both external rotation and abduction both post-
injection and at 3 month follow-up [42].

In 2015, Ebid et al. reported on the long-term efficacy of pulsed high-intensity
laser therapy (HILT) for PMPS. This study, which was double-blinded, placebo-
controlled, and randomized, assessed 61 patients, for 4 weeks of HILT, undergoing
three treatments per week. In addition, both the active and sham HILT groups were
also enrolled in a routine physical therapy program. After completing HILT, and at
the 12 week follow-up visit, they reported the active HILT group demonstrated a
statistically significant improvement in shoulder range of motion, decreased pain,
and increased quality of life compared to the sham HILT group [43].

Conclusion

Data from the available literature does support the use of medications and modali-
ties for the treatment of neuropathic pain in the cancer rehabilitation setting.
However, providers must balance the side effects and potential complications given
the vulnerability of the oncologic patient population, which may be on active treat-
ment. It remains widely believed that impaired sleep may worsen overall pain per-
ception. Sleep disturbance can occur after starting new medications used to treat
disorders discussed in this chapter. Otherwise, side effects may be mild and tempo-
rary. Benefits may outweigh common side effects of procedures and medications
discussed in this chapter, which warrant discussion with the patient before discon-
tinuing treatment.

Functional disorders responsible for pain and neurologic sequelae can limit qual-
ity of life long after completion of cancer treatments. Physiatry is an ideal specialty
to continue the enhancement in cancer survivor treatment given its success with the
treatment of disorders limiting function in all patient populations. Many patients
require lifelong evaluation and treatment. There is a potential for complications
along the continuum of care due to recurrence of cancer or related treatments.
Moreover, there are now physiatrists sub-specializing in cancer rehabilitation, who
will continue to establish new use of the physiatric skill-set and knowledge aimed at
restoring or optimizing function to maximize quality of life in cancer survivors.
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