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Abstract Pain, one of the most frequent nonmotor symptoms
of Parkinson disease (PD), is recognized as an important com-
ponent of the illness that adversely affects patient quality of
life. The aims of this review are to summarize the current
knowledge on the clinical assessment and to provide a detailed
overview of the evidence-based pharmacologic and
nonpharmacologic approaches to treating pain. Results of a

literature search include studies investigating pain/sensory ab-
normalities in PD. The effects of levodopa administration,
deep brain stimulation (DBS), pallidotomy, spinal cord stim-
ulation, rehabilitation, and complementary/alternative medi-
cine are reviewed critically. PD patients have altered pain
and sensory thresholds; levodopa and DBS improve pain
and change sensory abnormalities toward normal levels
through antinociceptive and/or modulatory effects that remain
unknown. Awide range of nonpharmacologic approaches re-
quire further investigation. A multidisciplinary approach is
fundamental in managing pain syndromes in PD.
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Introduction

Pain, one of the most frequent nonmotor symptoms in
Parkinson disease (PD), is recognized as an important compo-
nent of the illness that adversely affects patient quality of life
(QOL) [1–3]. First described by James Parkinson in 1817 [4],
pain in PDwas underestimated for a long time. In recent years,
however, new attention has been focused on pain symptoms
because of their role in increasing disability and their effects
on patients’ QOL [3, 5, 6].

The average prevalence of PD pain symptoms is 67.6 %,
with up to 85 % of PD patients experiencing pain [7, 8••, 9].
Pain affects the lower limbs most frequently, and very inter-
estingly, only 52.4 % of PD patients with pain use pain relief
drugs, most often nonopioids [9].

Because of the significantly high prevalence of PD pain, it
is crucial for neurologists and other health care providers to
have a better understanding of these pain syndromes; unfor-
tunately, however, literature on clinical predictors in PD is
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scant. Patients who have PD with motor complications appear
to have a greater risk of developing pain [3], and pain seems to
increase as parkinsonian symptoms worsen [10, 11]. Female
gender, depression, comorbid symptoms, and concomitant
medical conditions (e.g., diabetes, osteoporosis, rheumatic
disease, arthritis) may be associated with pain symptoms.
[10–16] Also, genetic contributions have been suggested as
possible risk factors for pain in PD. Variants within the SCN9A
and FAAH genes [17] and polymorphisms in the COMT gene
are associated with an increased risk of pain in patients with
PD. [18] Nevertheless, this topic remains complex because
pain in PD is a strongly heterogeneous symptom with regard
to both quality and body distribution [10]. Moreover, because
pain might have different origins, distinctive therapeutic ap-
proaches may be recommended.

The International Association for the Study of Pain (IASP)
Subcommittee on Taxonomy defines pain as Ban unpleasant
sensory and emotional experience associated with actual or
potential tissue damage, or described in terms of such
damage.^ In other words, other domains, such as emotion
and cognition, may be involved in the origin and maintenance
of pain, as well as in its management.

The aim of this review is to provide readers with a com-
plete update of evidence-based evaluations and pharmacolog-
ic and nonpharmacologic treatments for pain management in
PD patients.

Pain Classification

The classification and pathophysiology of pain in PD are both
complex and closely related. The wide variety of pain types
patients with PD may experience makes it difficult to under-
stand the pathophysiology of PD pain.

With regard to PD, Ford [19] proposed the currently used
classification that divides pain into the following categories:
musculoskeletal, radicular, central, and dystonic pain, and
akathisia. The last disorder recently was excluded from most
studies evaluating pain, because patients usually do not report
akathisia as a type of pain. The other pain types are signifi-
cantly different from one another and may be experienced
singularly or coexist in the same patient.

Of the aforementioned pain types, musculoskeletal pain is
reported most frequently [20]. Musculoskeletal pain refers to
the aching, cramping, joint pains reported in different loca-
tions by patients with PD. It appears to be associated with
rigidity and severe bradykinesia, but also may result from
decreased mobility in affected limbs and joints, as well as
abnormal postures, and tends to be worse during the Boff^
periods of PD. [21–25]

The second most frequent type of PD pain is dystonic pain,
which is associated with the sustained, forceful twisting
movements that lead to abnormal postures and deformities.

Dystonic pain may be paroxysmal, spontaneous, or triggered
by movement or activity, and its duration, intensity, and re-
sponse to treatment also may vary. Lim et al. [26] reported that
after levodopa administration, only PD patients with dyskinet-
ic pain have an increase in cold pain threshold and tolerance.
These effects may reflect a process of sensitization to the
analgesic and motivational effects of levodopa.

The other types of pain occur less frequently and may be
considered as belonging to the neuropathic pain syndromes.
Radicular pain refers to the achiness and discomfort localized
around a nerve or nerve root. Finally, central pain in PD is
presumed to be a direct consequence of the disease and not
the result of dystonia, rigidity, or a musculoskeletal cause.
Bizarre, unexplained sensations of stabbing, burning, scalding,
or formication (a sort of paresthesia in which there is a sensation
of tiny insects crawling over the skin) with no clear radicular
origin usually are classified in this category [2, 6, 19–21].

Understanding which type of pain a patient is experiencing
is essential in providing tailored, symptomatic treatment.
Although the aforementioned classification system may be
very helpful, it cannot be applied easily in all situations, be-
cause clear objective measures are lacking, and our under-
standing of pain syndrome mechanisms is poor. Although
clinically, PD pain related to motor symptoms can be distin-
guished from that unrelated to motor symptoms [22], this dis-
tinction also may be difficult. Non-PD pain stems from
sources other than PD. PD-related pain is caused or aggravat-
ed by PD and may be subclassified as PD-pain direct if it
cannot be associated with other health problems or PD-pain
indirect if comorbidities are present and PD is aggravating the
intensity of the pain [11].

Independent of the pain’s type and underlying pathophys-
iology, a clear reduction in QOL is associated with pain in
PD. Treatment of PD symptoms does not always relieve pain,
and pain-directed treatments are not usually administered in
clinical practice.

Pathophysiology of Pain

Various mechanisms have been associated with the occurrence
of pain in PD; they generally may be categorized as either
central or peripheral. Central pain mechanisms have been de-
scribed since the role of the basal ganglia in nociception was
investigated extensively in animal models and human studies
[27]. In PD patients with pain, several studies reported abnor-
malities in pain threshold and pain tolerance. Compared with
healthy controls, PD patients with and without pain (muscular,
dystonic, and peripheral neuropathic) showed lower pain
thresholds to electrical stimuli [12, 28–30]. No differences
were found between PD patients with pain and those without it.

Reduced pain threshold to cold water was reported in PD
patients without and with pain (primary central pain)
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compared with healthy controls; however, no clear differ-
ences were observed when PD patients with pain were com-
pared with those without it [31, 32]. Pain threshold to a
heated thermode appeared to be reduced in PD patients with
primary central pain compared with PD patients without pain.
A decrease in pain threshold to thermode application also
was found when comparing PD patients without and with
pain (primary central and musculoskeletal) versus healthy
subjects [33, 34].

Tinazzi et al. [35–37] found a lower pain threshold to laser
CO2 in pain-free PD patients compared with healthy subjects.
A lower threshold also was found in PD patients with central
pain compared with pain-free patients and healthy subjects
[34]. In addition, a decrease in N2/P2 amplitudes of laser-
evoked potentials was observed in patients with muscular pain
compared with pain-free patients and healthy subjects [37] as
well as in pain-free PD patients compared with healthy sub-
jects [35, 36]. Pain tolerance to electrical stimuli was reduced
in PD patients without and with pain (musculoskeletal and
neuropathic) compared with healthy subjects; however, no
differences were observed between PD patients with pain
and those without it [12]. Studies based on the nociceptive
withdrawal reflex (NWR) to electrical stimuli (pain process-
ing in the spinal cord) also showed a reduced NWR threshold
in patients with PD with musculoskeletal pain [38]. A reduced
threshold also was found in pain-free PD patients compared
with healthy subjects [28, 29].

In summary, central pain mechanisms seem to be impaired
in PD patients regardless of whether they have pain. The ab-
normalities in nociceptive processing described in PD may be
associated with reduced basal ganglia dopamine levels, al-
though some studies suggest that other neurotransmitters
(e.g., acetylcholine) [39] also may contribute to abnormal pain
processing [18].

In another line of research, new evidence suggests that the
peripheral nervous system also may be involved in PD pain
[39]. The findings in PD patients of nociceptor neurodegener-
ation [40], cutaneous denervation in skin biopsies [41], and
reduced unmyelinated nerve fiber density [42] support the
hypothesis that the peripheral nervous system may at least
contribute to the presence of some types of pain in PD.

Pain Assessment

Clinical assessment of pain generally focuses on pain diagno-
sis and/or the assessment of specific clinical features (e.g.,
pain intensity, quality, and disability) to plan specific treat-
ments. Clinical assessments play an important role in both
the research setting and clinical practice; however, no stan-
dardized, specific clinical assessments have been developed
yet for the evaluation of pain in PD patients.Many clinical and
instrumental measures were used in several observational/

interventional studies involving patients with different types
and qualities of pain both on and off medication. Various body
parts, such as the head, neck, trunk, back, and upper and lower
extremities, were investigated. A list of clinical and instru-
mental measures is presented in Table 1.

With regard to diagnosis, negative and positive signs of
neuropathic pain have been proposed as simple bedside tests.
Quantitative sensory testing provides objective data regarding
mechanical sensitivity and vibratory and thermal sensation.

To evaluate pain processing from the peripheral to the cen-
tral nervous systems further, several analytic tools have been
used, including skin biopsy, thermal stimulators (e.g., Peltier-
based contact temperature stimulators), handheld pressure
algometers, and electr ical st imulat ion (Table 1).
Transcutaneous electrical stimulators are particularly interest-
ing because they enable one to assess the thresholds of three
types of afferent fibers (Aβ, Aδ, and C) via different sinusoi-
dal frequencies (2000, 250, and 5 Hz) and electrical intensities
(ranging from 0.01 to 9.9 mA) [49].

When combined with electromyography, the electrical
stimulator enables the assessment of the nociceptive flexion
reflex (RIII) that characterizes pain processing at the spinal
cord level. The Medoc VSA-3000 and TSA-2001
(Minneapolis, MN), devices that can generate and document
responses to repeatable thermal and vibratory stimuli, also
have been used [24].

H15O2 positron emission tomography (PET) has been used
to investigate cerebral activations in the nociceptive network,
including the thalamic nuclei, insula, and somatosensory and
prefrontal cortices [43]. CO2 laser-evoked potentials have
been used to explore noninvasively the functional status of
cerebral structures responding to nociceptive inputs [35–37].
With regard to clinical scales, both unidimensional and mul-
tidimensional measures were used in previous investigations.
Among unidimensional measures, the visual analog and nu-
merical rating scales are used most frequently to evaluate pain
intensity (Table 1). The Pain Catastrophizing Scale is a reli-
able and valid measure for evaluating the emotional compo-
nent of pain by quantifying a patient’s thoughts and feelings
about the pain he or she is experiencing.

The other scales listed in the table may be considered mul-
tidimensional and/or Bnonspecific^ measures. The latter do
not focus specifically on pain evaluation but assess other as-
pects of PD (e.g., severity) and include subitems for pain.
Among the multidimensional scales, those commonly used
in clinical practice are the PainDETECT and Douleur
Neuropathique 4 questionnaires, the Neuropathic Pain
Symptom Inventory, and the Leeds Assessment of
Neuropathic Symptoms and Signs. Basically, all these instru-
ments are used to investigate whether neuropathic symptoms
and signs are present (Table 1). In contrast, the McGill Pain
Questionnaire (as well as its short form), the Brief Pain
Inventory, and the Gracely Box scale evaluate different
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qualities of pain, including the sensorial and emotional expe-
rience. Among the Bnonspecific^ measures, palliative care
assessment, the Medical Outcomes Study 36-Item Short
Form, the Nottingham Health Profile, and the Unified
Parkinson’s Disease Rating Scale, are the most widely used
clinical rating scales to characterize PD severity [68].

The existing measures, however, have many limitations.
For example, in studies assessing sensory/pain thresholds in
PD, cognitive function deficits may influence a patient’s per-
formance [69]. In addition, rigidity, tremor, and akinesia pro-
mote continuous sensory stimuli, making it difficult for the
patient to concentrate during superimposed sensory stimuli,

such as a mechanical liminal stimulus or thermal probe [69].
Moreover, according to the definition proposed by the IASP,
pain should be considered a multidimensional experience and
cannot be summarized into a unidimensional rating [70].

In conclusion, the assessment should involve multidimen-
sional aspects of pain (e.g., sensory and emotional); therefore,
multidimensional scales, along with instrumental assess-
ments, are recommended. The mechanisms underlying pain
in PD must be understood better than they are currently, be-
cause pain has a multifactorial etiology [19] and is a dynamic
process that cannot be encapsulated at one time point but must
be monitored over time.

Table 1 Objective and subjective measures of pain and sensory thresholds in PD

Clinical assessmenta Reference(s) Usefulnessb

Bedside tests for negative and positive signs—quantitative sensory testing

Von Frey filaments/Semmes-Weinstein nylon monofilaments [23–25, 33, 41] MSK, RN, D, CP

Rydel-Seiffert tuning fork [23] MSK, RN

Cold/warm water [25, 26, 31–33] MSK, RN, CP, D

Instrumental evaluations

Thermal stimulator [23–25, 30, 33, 38, 41, 43–48] MSK, RN, CP, D

Electromyography with electrical stimulation [28–30, 38, 43] MSK, RN, CP, D

Electrical stimulation [12, 30, 38, 49] MSK, RN, CP, D

VSA-3000/TSA-2001, vibratory device [24] MSK, RN, D

H15O2 PET [31, 32, 43, 46] RN, CP

Pressure algometer [47, 48, 50] n.a.

CO2 laser-evoked potentials [35–37] MSK

Skin biopsy [41] n.a.

Unidimensional scales

VAS / ordinal Scale [3, 10–12, 24, 28, 30–33, 37, 38, 41, 44, 46, 49, 51–57, 58•] MSK, RN, CP, D

Numerical rating scale [29, 36, 59, 60•, 61–63] MSK, RN, CP, D

Pain catastrophizing Scale [57] MSK, RN, CP, D

Multidimensional and pain-specific scales

PainDETECT [23] MSK, RN

Douleur Neuropathique 4 [24, 57] RN

Neuropathic pain symptom inventory [46, 57] RN

McGill Pain Questionnaire [24, 26, 32] MSK, RN, D

The Short Form of McGill Pain Questionnaire [11, 57, 64] MSK, RN, CP, D

Brief Pain Inventory [11, 20, 24, 49, 51, 57] MSK, RN, CP, D

Gracely Box scales [26] MSK, D

Leeds Assessment of Neuropathic Symptoms and Signs [65] RN

Nonspecific pain scales

Palliative care assessment [51] MSK, RN, CP, D

Medical Outcomes Study 36-Item Short Form [20] MSK, RN, CP, D

Nottingham Health Profile subitem related to pain [66] MSK, RN, CP, D

Unified Parkinson Disease Rating subitem related to pain [64, 67] MSK, RN, CP, D

D dystonic,CP central or primary,MSKmusculoskeletal, n.a., pain type not available or not classified, i.e., studies in which the sensory thresholds were
evaluated in pain-free PD patients, RN radicular/neuropathic
a For all outcome measures, including instrumental evaluations, validity studies in people in PD are not available
b Usefulness indicates in which type of pain the measures were used in the listed studies
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Treatment Procedures

In a cross-sectional survey of the prevalence of pain in PD,
Beiske et al. [20] found that 50 % of patients with pain re-
ceived no treatment, either with pharmacotherapy or physio-
therapy. The lack of treatment procedures aimed at pain relief
is a common finding, suggesting at least two weak points in
PD pain management: the lack of specific diagnostic/
assessment procedures and the lack of specific multidisciplin-
ary clinical pathways for pain in PD.

To date, most treatment options have focused on pharma-
cologic approaches. Based on the literature, few attempts have
been made to manage pa in fu l cond i t i ons wi th
nonpharmacologic approaches, the most common of which
is deep brain stimulation (DBS) of the subthalamic nucleus
(STN). Therefore, we propose an evidence-based algorithm
describing the various steps in managing pain in people with
PD (Fig. 1).

Pharmacologic Approaches

Evidence-based recommendations for pharmacologic treatment
of pain in PD are scarce [71]. The possibility of performing
double-blind placebo-controlled studies in this group of pa-
tients is reduced by the subjective evaluation of pain and the
coexistence of pain with other symptoms of the disease.

Dopaminergic Agents

Because the properties of PD-related pain and certain other
types of pain are more common during off periods, a trial
op t imiz ing t r ea tmen t wi th l evodopa and o the r
antiparkinsonian medications should be performed as a first
step [69]. A survey by Stacy [72] showed that 45% of patients
reported less pain while in the on-state than the off-state.
Similarly, Nebe and Ebersbach [73] reported from their
open-label uncrossed study that jejunal infusion of levodopa
reduced pain during the on-state.

Although case studies reported analgesic effects of
pramipexole, no significant differences in visual analog scale
(VAS) pain scores were found between the pramipexole and
placebo groups in a double-blind, placebo-controlled trial
evaluating the antidepressant effect of this drug [74]. A case
report and case series reported that apomorphine was benefi-
cial in treating pelvic and dystonic pain [75, 76]. Finally, the
results from the post hoc analysis of the RECOVER
(Randomized Evaluation of the 24-h Coverage: Efficacy of
Rotigotine) study suggested that pain improved in PD patients
who received rotigotine therapy [77]. However, prospective
studies are needed to determine whether this effect is second-
ary to the improvement in motor symptoms.

The effect of levodopa and dopamine agonists on pain
might be explained by the potential involvement of the basal
ganglia in networks related to pain processing. This hypothe-
sis is supported by the observation that pain tends to occur
more frequently during Boff^ periods [78] and that levodopa
normalizes pain perception abnormalities in nigrostriatal de-
generation [28, 34].

Analgesics with Systemic Effects

There is no evidence to support the use of any specific analgesic
medication in PD. Based on the experience of patients with
other advanced diseases, acetaminophen usually is recommend-
ed [71]. The use of oxycodone and tramadol is an alternative in
patients who do not respond to first-line analgesic treatment.
Morphine and codeine might be used, but with caution because
of their psychotropic effects [79]. Pregabalin and gabapentin
may have a benefit in patients with radicular pain; however,
no studies have been performed specifically in patients with
PD. Duloxetine was evaluated for the treatment of several types
of painful symptoms in PD.Although 65%of the patients in the
study showed varying degrees of benefit, the results need to be
analyzed in the context of an uncontrolled open-label trial [80].

Local Treatments

The use of localized treatment for some types of pain in PD
may be a reasonable option, especially in patients with mus-
culoskeletal pain. This approach is particularly relevant in
patients who have not responded to dopaminergic treatment
adjustments or have had no response, poor tolerance, or ad-
verse effects with the use of systemic analgesics. Botulinum
toxin (BTX) injections were evaluated for the treatment of
dystonic clenched fist in patients with PD and showed mod-
erate benefit [81]. The use of BTX also was described for
lateral axial dystonia, in which it decreased pain by improving
posture [82, 83•]. It is noteworthy that BTX has demonstrated
an analgesic effect not only by reducing muscular hyperactiv-
ity (musculoskeletal origin). Recent studies suggest that this
neurotoxin might have direct analgesic mechanisms apart
from its neuromuscular actions [84]. A double-blind place-
bo-controlled crossover pilot study is under way to evaluate
the utility of BTX type A for treating pain in advanced PD
(ClinicalTrials.gov Identifier: NCT02472210).

Nonpharmacologic Approaches

Deep Brain Stimulation

Functional stereotactic surgery is performed mainly to treat
motor symptoms, especially in the advanced stages of PD.
However, several studies have demonstrated its effects on pain
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and sensory thresholds. The globus pallidus internus (GPi)
[85] or STN is usually the target selected through unilateral
or bilateral stimulation in patients in the advanced stages of
the disease [86].

STN-DBS may reduce pain in 87 % [63] of patients with
PD [57, 59], especially in the off periods [87]. Several types of
pain syndromes may be treated with STN-DBS, with dystonic
pain being the most responsive at an improvement rate of

Fig. 1 Evidence-based algorithm describing the various steps in managing pain in PD. GP General Practitioner; Non-pharm Nonpharmacological
Approaches; STN DBS Subthalamic Deep Brain Stimulation; SCS Spinal Cord Stimulation; NSAIDs Nonsteroidal anti-inflammatory drugs
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100 %. Central pain, neuritic/radicular pain, and musculoskel-
etal pain were reported to be responsive in 92, 63, and 61% of
patients, respectively. Low back pain was responsive in 14 %
of patients [63].

STN-DBS increases the subjective heat pain threshold and
reduces pain-induced cerebral activity in the somatosensory
cortex. In contrast, PD patients without pain reported no ef-
fects [46]. STN-DBS increases the mechanical pain threshold
and mechanical pain tolerance [48] and modulates the small
fiber-dependent sensory threshold, but has no effect on the
vibration detection threshold [24]. It improves the cold and
warm detection threshold and thermal sensory limen [23, 88];
however, Spielberger et al. [45] found no statistically signifi-
cant change in cold and warm detection threshold or cold and
heat pain threshold with ON-stim. Studies on the effects of
DBS on pain and sensory thresholds are reported in Table 2.

Several studies also reported long-term effects of STN-DBS
on pain improvement. Oshima et al. [55] showed a significant
reduction in VAS pain score—by 69% at 6months and 80% at
12 months after surgery—in a sample of PD patients with
mostly musculoskeletal pain. Pellaprat et al. [64] reported a
decrease in pain symptoms 12 months after surgery. Kim and
colleagues [60•, 61] reported further improvement at 24months
and 8 years, even if new musculoskeletal and central pain
symptoms were measured at follow-up.

Despite the short- and long-term effects of STN-DBS in
improving pain, however, a direct correlation between pain
relief and motor control was not found [48, 56], suggesting
that not all pain syndromes are the result of increased muscle
tone or reduced mobility. The peculiar effect of STN-DBS
might be on nonmotor pathways, considering its modulatory
role in sensory thresholds [23, 24, 46, 88].

With regard to STN-DBS-induced pain relief in PD, three
possible mechanisms exist. First, pain relief may decrease the
muscle tone induced by musculoskeletal or dystonic pain, in
turn leading to further pain reduction [82, 83•]. This mecha-
nism also represents a valid explanation for the effects of
dopaminergic medication and pallidotomy.

Second, STN-DBS may decrease pain perception and/or
increase pain tolerance. Pain perception refers to a sensory-
discriminative component of pain, whereas pain tolerance per-
tains to psychological aspects of pain, a complex interaction
between affective and cognitive functions [88]. The modulato-
ry effect induced by STN-DBS on the sensory-discriminatory
component of pain is hypothesized to be a result of the inter-
action between the STN and the descending pain inhibitory
system [48]. The sensory-discriminative aspect of pain then
is integrated at the level of the somatosensory cortices, whereas
the related affective aspects are correlated with activity in the
insular cortex, anterior cingulate gyrus, and nucleus accum-
bens [69, 89]. Using a PET study, Dellapina et al. [46] showed
that STN-DBS reduces the abnormal somatosensory cortex
activation in PD patients with central parkinsonian pain.

Third, improvement in mobility as a result of better motor
function might reduce pain in PD. This theory proposes that
pain is associated with an adaptation in motor behavior that
involves redistribution of activity within and between mus-
cles, as well as changes in mechanical behavior. These mech-
anisms lead to Bprotection^ from further pain or injury, which
involves changes at multiple levels of the motor system. These
changes may be complementary, additive, or competitive,
with positive short-term benefits but potential long-term con-
sequences due to factors such as increased load, decreased
movement, and decreased variability [90].

Ablative Procedures

Pallidotomy is a surgical procedure used to manage dystonia
and pain. Laitinen et al. [91] observed a decrease in the per-
centage of patients reporting dystonia and/or pain—from 63 to
32%—after this surgery. The long-term effects of pallidotomy
on reducing pain were shown in 21 patients with PD-related
pain at 6 weeks and 1 year after surgery [62].

Spinal Cord Stimulation

Emerging data suggest that spinal cord stimulation (SCS) of
the dorsal column might be an important therapeutic option
for treating neuropathic chronic pain conditions in PD. [54,
92] Its pain relief properties may be explained, at least in part,
by the gate control theory [93], although evidence shows that
the effects of SCS are mediated by a complex interaction
among many structures at several levels of the nervous system
[92]. The effects of SCS appear to be greatest in patients with
chronic pain, especially sympathetic-mediated and neuropath-
ic pain. Clinical experience shows that SCS has no detectable
detrimental effect on the nervous system and no side effects at
the recommended stimulation levels [92].

Rehabilitation

Two studies evaluated the effects of physical exercise in pa-
tients with PD, although pain evaluation was not the primary
outcome measure of the research. A single-group, uncon-
trolled study showed the effects of 12 weeks of exercise on
several outcome domains, including pain, in 20 patients with
PD. A slight nonsignificant improvement in pain symptoms
(8 %) was reported after treatment [66].

A randomized controlled trial included 90 PD patients who
were assigned to one of three treatment groups: flexibility and
relaxation exercises, walking, or Nordic walking. After
6 months of treatment, the number of patients reporting neck,
hip, and iliosacral joint pain decreased. In addition, the walk-
ing and Nordic walking groups reported a reduction in pain
intensity in the back, hands, and legs compared with the re-
laxation and flexibility group [52].
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Exercise may influence two primary physiologic process-
es : pa in modula t ion through dopaminerg ic and

nondopaminergic pain inhibitory pathways and promotion of
neuroplasticity and neurorestoration [94]. In addition,

Table 2 Summary of evidence for nonpharmacologic procedures for pain management in PD

Author Type of pain Body distribution Treatment Main findings

Loher et al. 2002 [85] n.a. Neck, trunk, upper and
lower extremities

GPi-DBS (unilateral,
bilateral)

Pain and dysesthesia improved after 3–5 days after
surgery and sustained at 1 year of FU

Witjas et al. 2007 [87] n.a. n.a. STN-DBS (bilateral) Improvement of pain symptoms after 12 months

Kim et al. 2008 [63] Dystonic, central,
neuritic/radicular,
musculoskeletal

Head, neck, upper and
lower extremities, trunk

STN-DBS (unilateral,
bilateral)

Improvement of pain symptoms after 3 months

Gierthmühlen et al.
2010 [23]

Neuropathic, nociceptive Hands, back, upper and
lower extremities, neck

SNT-DBS (bilateral)
and levodopa

Improvement of pain symptoms and intensity, and
changes in CDT, WDT, and TSL with ON-stim.
No influences of SNT-DBS on pain threshold.

Maruo et al. 2011 [88] – – STN-DBS (bilateral) CDT and WDTwere lower with On-Stim.
No differences in CPT or HPT.

Spielberger et al.
2011 [45]

n.a. n.a. STN-DBS (bilateral)
and levodopa

No significant changes in CDT, WDT, CPT,
or HPTwith ON-stim

Ciampi de Andrade
et al. 2012 [24]

Dystonic, musculoskeletal n.a. STN-DBS (bilateral) No changes in MDT, VDTwith ON-stim; increased
MPT, HPT but CPT decreased with ON-stim;
WDT decreased and CDT increased. VAS score
in SuH and InC was reduced with ON-stim.

Oshima et al. 2012 [55] Musculoskeletal, dystonic,
somatic PD related,
central, neuritic/radicular

Face, neck, upper and
lower limb, abdomen,
back

STN-DBS (bilateral) Improvement in pain intensity after 2 weeks post
surgery (VAS scale decreased by 75 %), 6 months
(by 69 %), and 12 months (by 80 %) with ON-stim

Kim et al. 2012 [61] Dystonic, musculoskeletal,
neuritic/radicular, and central

Head, neck, upper and
lower extremities

STN-DBS (unilateral,
bilateral)

Improvement in pain symptoms after 3 and 24 months

Wolz et al. 2012 [56] n.a. n.a STN-DBS (bilateral) No changes in pain with ON-stim

Sürücü et al. 2013 [59] Dystonic, musculoskeletal,
neuritic/radicular, and central

Neck, abdomenl/viscera,
arm, leg, lumber spine,
multifocal

STN-DBS vs. levodopa Eight patients with ON-levodopa showed improvement
in pain. Greater improvements were observed with
ON-stim, with long-lasting effects (41 months).

Dellapina et al. 2012 [46] Neuropathic, nociceptive Upper and lower limb,
trunk

STN-DBS (bilateral) Significantly increased HPT, reduced pain and
pain-induced cerebral activity in the somatosensory
cortex and cerebellum in patients with pain with
ON-stim. Stim had no effect in pain-free patients.

Marques et al. 2013 [48] Central Upper limb, hand STN-DBS (bilateral) MPT and MPTo increased with ON-stim and
ON-levodopa, compared with OFF state, condition

Pellaprat et al. 2014 [64] n.a. Head, neck, trunk, upper
and lower limb

STN-DBS (bilateral) ON-stim decreased pain symptoms after 12 months
(19 patients were pain-free)

Cury et al. 2014 [57] Musculoskeletal, dystonic,
radicular/neuropathic, central

Head, neck, back, upper
and lower limb

STN-DBS Decrease in pain intensity with ON-stim. The
highest response was in dystonic pain, followed
by musculoskeletal. Central pain and neuropathic
pain were not influenced by treatment.

Jung et al. 2015 [60•] Dystonic, musculoskeletal,
neuritic/radicular, central

Head, neck, trunk, upper
and lower extremities

STN-DBS (unilateral,
bilateral)

Improvement in pain symptoms in 83 % of patients,
with long-term effects at 8 years

Honey et al. 1999 [62] Somatic exacerbated by the
PD, musculoskeletal,
dystonic, dysesthetic

Upper and lower limbs Unilateral pallidotomy Significant reduction in overall pain scores at 6 weeks
and 1 year following pallidotomy

Fénelon et al. 2012 [54] Neuropathic Lower limb SCS (T9–T10 level) Improvement in pain symptoms with ON-stim

Shulman et al. 2002 [67] n.a. n.a. Acupuncture Improvement in pain symptoms after completing
the acupuncture protocol

Rodrigues de Paula
et al. 2006 [66]

n.a. n.a. Exercise programs Improvement in pain symptoms after 12-week
training program (tendency toward significant values)

Donoyama and
Ohkoshi 2012 [53]

Musculoskeletal Whole body Traditional Japanese
massage

Improvement in pain symptoms after a single massage
session (30 min)

Reuter et al. 2011 [52] n.a. Neck, arms, hands, back,
iliosacral joint, hip,
knees, feet, toes

Nordic walking, walking,
flexibility exercises

Improvement in pain symptoms after a 6-month
training program

CDT cold detection threshold, CP chronic pain, CPT cold pain threshold,DBS deep brain stimulation, FU follow-up,GPi globus pallidus internus,HPT
heat pain threshold, InC infrathreshold cold stimulation, MPT mechanical pain threshold, MPTo mechanical pain tolerance, n.a. not available, OFF-
levodopa PD patient in Boff^ period, OFF-stim DBS turned off, ON-levodopa PD patient in Bon^ period, ON-stim DBS turned on, SCS spinal cord
stimulation, stimDBS stimulation, STN subthalamic nucleus, SuH suprathreshold heat stimulation, TSL thermal sensory limen, VDT vibration detection
threshold, WDTwarm detection threshold
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increased mobility may reduce pain by alleviating mechanical
contributions to the recurrence and persistence of pain, as
previously discussed [90].

Complementary and Alternative Medicine: Traditional
Japanese Massage and Acupuncture

Vitamins and herbs, massage therapy, and acupuncture are the
most commonly used complementary and alternative thera-
pies in PD. [95] Although no evidence has been reported that
vitamins and herbs relieve pain, some data exist regarding
massage therapy and acupuncture that suggest their possible
complementary role. Donoyama and Ohkoshi [53] showed
the effects of traditional Japanese massage therapy on PD
symptoms in 10 patients under their care, who reported a
significant improvement in pain symptoms after massage.
Acupuncture is a procedure in which different anatomic loca-
tions on the skin are stimulated by the insertion of small, thin
needles that are then manipulated manually or electrically.
Although no statistically significant improvement has been
observed with this technique, Shulman et al. [67] reported that
after acupuncture, 85 % of their patients reported a subjective
improvement in PD symptoms, including pain.

Conclusions

This review highlights the many procedures that have been
implemented to improve pain diagnosis and assessment in PD
patients. In contrast, few studies have focused on specific treat-
ments, particularly with regard to the integration of pharmaco-
logic with nonpharmacologic approaches. These limitations
might be overcome by implementing a multidisciplinary ap-
proach involving medical specialists from different disciplines
(e.g., neurologists, physiatrists, psychiatrists) and rehabilitation
experts (e.g., physical and occupational therapists, psycholo-
gists). This perspective might allow a comprehensive strategy
to address pain in PD, beginning with the diagnosis and con-
tinuing to treatment based on the biopsychosocial model of pain
[96]. Furthermore, as recommended by an IASP task force, an
interdisciplinary approach should be implemented in the same
facility, allowing greater coordination among professionals.
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