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Abstract: Background: Pain is a significant burden for patients with Parkinson’s disease (PD) with a high
impact on quality of life. The present article aims at summarizing epidemiological, pathophysiological, clinical,
and neurophysiological data regarding pain in PD.

Methods: In this domain, a procedure of systematic assessment is still lacking for the syndromic diagnosis
and should take into account pain characteristics, effects of dopaminergic treatment, motor fluctuations, and
non-PD-associated pain.

Findings: We propose an original questionnaire addressing an algorithm suitable for daily clinical practice.
The questionnaire is based on a three-step approach addressing first the relationship between pain and PD
(including temporal relationship with the course of the disease, association with motor fluctuations, and
impact of antiparkinsonian treatment), before classifying pain into one of three main syndromes (i.e.,
musculoskeletal pain, psychomotor restlessness pain, and neuropathic pain).

Conclusions: The proposed questionnaire allows the characteristics of each pain type to be determined
according to its relationship with the disease and its treatment. The validation of the clinical use of this
questionnaire will be the goal of a forthcoming work.

Pain is classified among the nonmotor symptoms of Parkinson’s
disease (PD)"* and has a major negative impact on the quality of
life of many patients with PD.>* Despite a large body of evidence
on its high prevalence, this symptom is frequently underesti-
mated, probably owing to the lack of objective assessment tools
for its diagnosis and classification. The aim of the present review
was to analyze the current data on the prevalence, pathophysiol-
ogy, clinical scales, and methods of assessment of pain in PD in

order to propose a new algorithm for its syndromic diagnosis.

Prevalence of Pain in PD Patients,
According to Pain Characteristics

Depending on the population assessed (in- vs. outpatients) and

the criteria employed to define the presence of pain, its preva-

lence ranges from 40% to 83% of PD patients.” ” In a case-
control study, pain was present in at least one quarter of PD
patients before any treatment® and in almost 40% of patients

early in the course of the disease.”

In a recent cohort study,
pain has been considered a premotor symptom.11 Pain occur-
rence further increases with disease progression, particularly
associated with the development of therapy-dependent motor
fluctuations.”

Most studies distinguish between PD-related pain, pain
related to PD treatment, pain indirectly associated with PD, and
pain unrelated to PD.”® According to the classification pro-
posed by Ford,'? PD-related pain can be further subdivided into
difterent subtypes, including musculoskeletal pain, dystonia-asso-
ciated pain, radicular or peripheral pain, central pain, and

akathisia (Appendix S1). Using this classification, pain was
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assessed in a British series of inpatients and in French and
Norwegian series of outpatients.>”"® In the British study, PD-
related pain was considered as responsive to dopaminergic treat-
ment, prominent on the body side most aftected by PD and
with no specific etiology other than PD.” In this study, most
PD patients reported at least two concomitant pain syndromes
(85%), including PD-related pain in 63% of patients and non-
PD-related pain in 64% of patients, whereas pain related to PD
treatment and pain indirectly associated with PD were reported
as only seldom (8% and 1%, respectively). The researchers fur-
ther claimed that non-PD-related pain was more severe and
constant over time compared to PD-related pain, whereas no
interaction between both pain types was found.

A second study, performed in French outpatients, distin-
guished between non-PD- and PD-related pain, including pain
syndromes directly or indirectly caused by PD.® In this series,
60% of patients suffered from chronic pain, which was related
to the disease in 60% and unrelated in 40%. Finally, in the Nor-
weglan study, 83% of patients had PD-related pain, 70% with
musculoskeletal pain, 40% with dystonic pain, 20% with radicu-
lar or peripheral neuropathic pain, and 10% with central neuro-
pathic pain.’

Chronic pain may contribute to the development or aggrava-
tion of previous depressive symptoms, as described in the
elderly population in general.'”” Only a few studies have
addressed this issue. In another Norwegian series of 227 PD
patients, 67% had pain and patients with pain had more-severe
depression.14 They also had more-severe motor impairment,
lower cognitive performance, and longer disease duration. The
finding of an association between depression and pain in PD
was replicated.'>!'® However, the direction of causality between

pain and depression cannot be determined with certainty.

Pathophysiology of Pain in PD

The basal ganglia and connected structures play a pivotal role in
the pathophysiology of pain in PD."” The classical pathophysio-
logical model of PD motor symptoms consists of a reduced acti-
vation of the D1 receptor-mediated direct striatopallidal
pathway and a reduced inhibition of the D2 receptor-mediated
indirect striatopallidal pathway resulting from dopaminergic
neuron loss within the pars compacta of the SN.'® This model
explains a reduced activation of the thalamocortical motor drive
and the beneficial effects of dopaminergic treatment or DBS of
the internal pallidum or STN.! However, the influence of
dopamine depletion on the emergence of nonmotor parkinso-
nian symptoms, such as attentional deficit, cognitive decline,
depression, dysautonomia, or pain, likely involves additional
pathways described in the so-called “three-loop model.”*?!
Various dysfunctional motor, cognitive, and limbic networks
have connections between basal ganglia and cortical regions,
which potentially play an important role in pain processing.
According to studies in rodents, connections with the insular
cortex play a crucial role in D1 receptor-mediated descending
inhibition of pain,?® whereas antinociceptive capacity is deter-
mined by D2 receptor availability within the striatum and the

right medial temporal cortex of healthy volunteers.> A careful
evaluation of the characteristics of a pain syndrome in its sen-
sory, motor, cognitive, and autonomic components in each
patient may provide further information on the underlying
pathophysiology.

An original model has recently been proposed in order to
explain primary central pain in PD, which may also apply to
other types of PD-related pain.** This model assumed that
dopamine depletion leads to an intrastriatal amplification of sen-
sory inputs from corticostriatal projections. Consistent with this
model, the amplitude of laser-evoked potentials (LEPs), reflect-
ing cortical processing of nociceptive stimuli, was greater during
the off period in PD patients with primary central pain than in
PD patients without pain or controls.”> However, LEP ampli-
tude returned to normal values during the on period, supporting
a dopaminergic modulation of primary central pain. This study
also showed a reduced habituation of laser-evoked sympathetic
skin responses, suggesting an over-reaction of the autonomic
nervous system to nociceptive stimuli in PD patients with pri-
mary central pain.

Other mechanisms were proposed for dyskinesia-associated
pain.?® The analgesic effect of levodopa is more pronounced in
fluctuators with dyskinesia than in stable responders, as revealed
by pain threshold increase compared to the off period in dyski-
netic patients. Limbic and associative brain structures, which are
overactivated in dyskinetic patients, could be involved, as well as
the reward system.?® In particular, the mesolimbic pain inhibitory
system is thought to play a role, through dopaminergic projec-
tions from the ventral tegmental area to the nucleus accumbens.

Pathological changes in PD also include Lewy body aggrega-
tion within the lamina I of the dorsal horn, presumably con-
tributing to increased temporal summation of sensory stimuli
and enhanced nociception at the spinal level in PD patients.?’ "
Finally, there could also be alterations in the peripheral nervous
system owing to alpha-synuclein accumulation within the
sensory afferents”’ or to an interaction of L-dopa medication

32,33

with cobalamin metabolism. These alterations contribute the

occurrence of peripheral neuropathies in PD, possibly at the
origin of neuropathic pain in the limbs.**?

Musculoskeletal pain shares with other causes of PD-related
pain some sensitivity to dopaminergic treatment. Rigidity or
abnormal posture may affect muscles and joints, favoring muscu-
loskeletal disorders, such as osteoarthrosis. This condition may
also be associated with peripheral neuropathic pain, especially
radicular pain, as shown in a group of PD patients with mechani-
cal low back pain.>* In contrast to what is observed in PD patients
with central pain, LEP amplitude can be decreased in PD patients
with pain resulting from peripheral nerve fiber lesion. In parallel,
nociceptive spinal reflexes can be enhanced through a reduced
descending inhibitory control of pain and this may contribute to
the occurrence of referred pain and secondary hyperalgesia.>

Experimentally Induced Pain

Various methodological approaches have been employed to
experimentally provoke pain in PD patients. The first studies
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were performed in on drug conditions, and one study showed

36
” More-recent

that L-dopa could modulate heat pain sensitivity.
studies include off drug conditions, that is, 12-hour (overnight)
dopaminergic medication withdrawal, although this condition
cannot be considered completely free of dopaminergic influ-
ence. Sensitivity to nociceptive stimuli is increased during the
off state?S303739

increase in provoked pain correlates to the intensity of sponta-

and decreased during the on state.>’ The

neous pain and to the body side most affected by PD in some

. 383
studies

? but not in others, likely owing to a heterogeneous
recruitment of patients.

Patients at an early stage of the disease also tend to have
increased responses to nociceptive stimuli (e.g., enhanced spinal
nociceptive reflexes), but unaltered pain sensory discrimination
(e.g., subjective estimation of provoked pain).>* Enhanced sensi-
tivity to nociceptive stimuli was attributed to functional changes

177 and within the pain matrix, mainly the

at the spinal leve
medial pain pathway, as shown by PET.*®***7 These changes
are reversed by dopaminergic treatment, showing a major
role of dopamine depletion. In contrast, PD patients did not
differ from controls regarding modulation of experimentally
provoked pain through opioidergic, serotonergic, and adrener-
gic mechanisms, involved in descending nociceptive inhibitory

29,40
controls.

Pain Assessment

In PD patients, pain can be assessed by various questionnaires,
including the UPDRS, for example, item 17 of UPDRS part II

41-43 - .
. However, these questionnaires cannot

(sensory complaints)
distinguish between different pain syndromes encountered in
PD and do not provide information to support their classifica-
tion and treatment. No specific scales or questionnaires have
been developed to characterize pain in PD, and a few studies
have employed the whole battery of questionnaires currently
used to assess chronic pain syndromes. The visual analog scale is
the most frequently used tool in PD studies to date,***” but it
may be inappropriate to assess intermittent pain, such as pain
that worsens during off periods.'®> The short form of the Brief
Pain Inventory allows for the quantification of pain intensity
and pain interference in daily activities. It has also been used in
PD.>** The McGill Pain Questionnaire (MPQ), in its short

50-52

form, allows for the quantification of the sensory-discrimi-

. . . . 484953
native, affective, and evaluative aspects of pain.™ In

recent study, for example, it has been shown that STN-DBS

a

improved sensory and affective aspects of pain postsurgery mea-
sured by the MPQ in PD patients.”* The same study showed
that among 41 patients with PD, only 2 (4.5%) had neuropathic
pain when the Douleur Neuropathique questionnaire (DN-4),
which has a relatively high sensitivity and specificity for the
diagnosis of neuropathic pain,”® was employed.>® Interestingly,
in this study, whereas STN-DBS decreased pain in general in
PD, its effect was more robust to control musculoskeletal than

56

neuropathic pain symptoms. PainDETECT"” is another neuro-

pathic pain screening tool that has been used in PD.*’ Finally,

58,59

the Neuropathic Pain Symptoms Inventory is used in the

follow-up of neuropathic pain and enables the characterization
of clusters of symptoms (i.e., spontaneous, evoked, or paroxys-
mal pain) and was also applied in PD.>* The assessment of pain
in PD patients may be subject to different bias owing to PD-
related fluctuations that can influence the perception and report
of pain symptoms. Thus, the characterization of pain in PD
must take into account the motor status, the treatment (L-dopa
and DBS) and its complications (e.g., dyskinesia and paroxysmal
off stage). Thus, considering the high prevalence of chronic pain

among the general population,®

it is important to know
whether or not the pain is temporally related to PD. The tim-
ing of occurrence and the patient’s motor and nonmotor status
provide evidence for an association with PD.® The presence of
pain syndromes, such as neuropathic pain and myofascial pain
syndrome, can be readily diagnosed by screening tools or at the
bedside. For instance, a recent study showed that 69% of PD
patients reported pain that worsened during off periods and 79%
had myofascial pain syndrome.>* This is associated with referred
pain and secondary hyperalgesia, spatially distant from the
affected muscles and can pose diagnostic challenges.®' Based on
the available data, there are no current pain scales or question-
naires that allow for the characterization of pain in PD taking
into account all specific particularities.

Thus, we aimed at developing an algorithm addressing the
respective pain syndromes associated or not associated with PD
according to the temporal relationship with the disease, the
association with motor fluctuations, and the influence of
antiparkinsonian treatment. Pain syndromes that are not related
to PD or its treatment should be considered according to the
underlying pathophysiological mechanisms of pain.

Development of a New Approach

Different classifications have been employed for the distinction
between PD-related and PD-unrelated pain syndromes, but
motor fluctuations and the response to dopaminergic medica-
tion were not usually taken into account, except in the most

2,62
recent approaches.

We here provide an original question-
naire for pain assessment in PD. It can be used in addition, or
as an alternative, to the questionnaire currently being developed
by the nonmotor study group of the International Parkinson
and Movement Disorder Society.®***

Our approach is based on a three-step approach: (1) estab-
lish a relationship with PD on the basis of a temporal associa-
tion between the onset of pain and PD symptoms, whereas
other causes of pain are excluded; (2) determine whether pain
depends on motor fluctuations; and (3) determine whether
pain depends on the antiparkinsonian treatment. At the end of
this three-step approach, pain could be classified as a PD-re-
lated or non-PD-related pain. Finally, concerning PD-related
pain, the type of pain is categorized as one of three main syn-
dromes, (i.e., musculoskeletal pain, psychomotor restlessness
pain, and neuropathic pain). The proposed algorithm was
converted into a pain questionnaire named Marburg-Sao
Paulo-Créteil Questionnaire for Pain in Parkinson’s disease
(Appendix S2; Fig. 1).
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Figure 1 Taxonomy of pain types according to the Marburg-Sao-Paulo-Créteil Questionnaire for Pain in Parkinson’s Disease

II.
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It may be challenging, in some instances, to differentiate
PD-related from PD-unrelated pain, but PD-related pain
can be considered when pain symptoms show a temporal
relationship with the onset of PD symptoms and the clinical
course of the disease, whereas no other etiology can be
detected. However, given that pain may present as a non-
motor symptom preceding motor symptoms, any other
symptoms possibly indicating early PD need to be assessed.®
It is important to determine whether or not pain occurring
in a PD patient is related to motor fluctuations. Pain can
depend on motor fluctuations present at low, intermediate
or high dopaminergic levels, that is, usually related to hypo-
or hyperkinesia (in off or on condition).

In off condition (low dopaminergic level), pain can be asso-
ciated with wearing-off and/or end-of-dose akinesia (early
morning or nocturnal akinesia and/or akinesia related with
medication intake), paroxysmal off stage (unrelated to medi-
cation intake), or off dystonia (often in the early morning).
This subclassification mainly derives from previous observa-

21

tions”** underlining the influence of motor fluctuations on
pain intensity, particularly for musculoskeletal and dystonia-
associated pain.”

In on condition (high dopaminergic level), mainly choreatic
dyskinesia is present. Choreatic dyskinesia is usually perceived
as a nonpainful symptom, but dyskinetic movements may
become painful in the case of additional pathological condi-
tions (e.g., osteoarthritis). Conversely, pain relief can occur

along with dyskinesia in some patients,”®

as revealed by
increased pain thresholds. Choreatic dyskinesia includes peak

on, plateau, and biphasic dyskinesia, with the latter occurring

II1.

IV.

at intermediate dopaminergic levels. On dyskinesia (i.e., espe-
cially biphasic dyskinesia) can also manifest as painful dystonia
in some cases. Rarely, both choreatic and dystonic biphasic
dyskinesia may occur simultaneously. The influence of
choreatic dyskinesia on pain sensitivity was further studied in
stable responders and fluctuators.?® Fluctuators with choreatic
dyskinesia (peak on or plateau dyskinesia) exhibited an r-
dopa-dependent increase in cold pain and tolerance thresh-
olds, which was not observed in stable responders. The
researchers postulated that pain and choreatic dyskinesia may
share common mechanisms and that central sensitization leads
to greater analgesic and motivational responses.

The fluctuation with the dopaminergic state may give an
additional hint for an association between pain and PD in
more-advanced cases. Thus, the effects of any antiparkinso-
nian treatment on pain should be systematically included in
the diagnostic algorithm, as recently proposed.®?

According to the three main issues mentioned above (tem-
poral relationship with the course of the disease, the change
with motor fluctuations, and the impact of antiparkinsonian
treatment), pain features can be classified as PD related or
non-PD related. Then, three main PD-related pain syn-
dromes can be distinguished (i.e., musculoskeletal pain, psy-
chomotor restlessness pain, and neuropathic pain).
Musculoskeletal pain is caused by PD-related rigidity and
related to the presence of joint, tendon, or muscle soreness.
It includes low back pain and frozen shoulder pain. An
associated myofascial pain syndrome is frequent in this
context, leading to referred pain distant from the affected
muscle and an area of secondary mechanical hyperalgesia

doi:10.1002/mdc3.12217
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(increased pain to pinprick) that has no dermatomal
distribution. The muscles more frequently involved are axial
(e.g., scapular and pelvic girdle muscles).>* Musculoskeletal
pain may be aggravated or not by motor off periods and
usually responds well to the treatment of motor symptoms
by drugs or DBS. The so-called “coat hanger headache,” a
neck pain associated with a tension-type headache, is also
considered as a type of musculoskeletal pain owing to the
fact that it usually presents with similar symptoms. It results
from orthostatic hypotension (either primary or secondary
to treatment) and it is more common in patients with atypi-
cal parkinsonian syndromes and severe autonomic dysfunc-
tion, but it may occur also in later stages in PD patients.®®
Psychomotor restlessness pain comprises various pain
syndromes that occur in the case of motor or emotional rest-
lessness, including leg motor restlessness, nonmotor off-fluctu-
ation-related pain, and the dopamine agonist withdrawal
syndrome (DAWS).®” In this context, patients are usually
experiencing various neuropsychiatric complications of L-
dopa or dopaminergic agonist withdrawal. Therefore, pain
symptoms rarely occur in isolation, being rather part of a
broader clinical picture, in which tachycardia, excessive
sweating, anxiety, depression, and motor restlessness occur all
together. Pain can be diftuse or located around the mouth,
abdomen, or pelvic floor®® and may migrate from one loca-
tion to another in relatively short periods of time. This may
reveal as a nonmotor off fluctuation that can be relieved by -
dopa or dopamine agonist adjustment. The term “motor rest-
lessness” was chosen according to a recent study suggesting
that leg motor restlessness, rather than RLS, occurs early in
PD patients and may correspond to the formerly used term,
akathisia.®” We doubt, however, that there is an independent
form of akathisia in PD, but rather believe that the reported
cases of akathisia in PD are owing to leg motor restless, non
motor off fluctuations, and DAWS.
The pain syndromes associated with these clinical presenta-
tions, especially DAWS, are difficult to differentiate from pri-
mary central pain. One of the key features of DAWS is the
clear association between dopamine agonist administration
and symptom improvement. Conversely, central pain only
responds poorly to dopaminergic treatment.

Neuropathic pain is secondary to a lesion or disease of the

somatosensory system, either peripheral or central, and refers

to specific questionnaires. Pain is located in a body region

where negative (thermal or mechanical hypoesthesia) or posi-

tive (dynamic mechanical allodynia, hyperpathia, or cold allo-

dynia) sensory symptoms exist, resulting from the
somatosensory lesion or disease. Neuropathic features of pain
include burning, electric shock-like, and pins-and-needles
sensations.

V. Pain syndromes unrelated to PD are not dependent on the
course of the disease or its treatment. They should be also
divided into nociceptive and neuropathic pain by using a
neuropathic pain questionnaire (e.g., PainDETECT or
DN-4).>>% This facilitates the diagnosis of an underlying
pain syndrome not attributable to PD. For example,

osteoarthrosis is likely to be the most relevant pain syn-
drome in the elderly, which may occur regardless of PD.”
The determination of a specific cause of non-PD-related
pain syndrome may lead to dedicated consultations for fur-
ther diagnosis and treatment.

VI. Associated nonmotor factors, such as mood and cognitive
alterations, should be evaluated clinically, using respective
scales (e.g., Non-Motor Symptoms Questionnaire and the
Non-Motor Symptoms Scale, Montgomery and Asberg
Depression Rating Scale, or the Montreal Cognitive Assess-

41,70-72
ment).”

Treatment: General Principles

One of the advantages of an accurate classification of the pain
syndrome in PD is to facilitate its treatment. For pain associated
with motor fluctuations, treatment should consist of an adequate
management of these fluctuations.””> For pain occurring during
wearing-off, long-lasting 1-dopa formulations should be admin-
istered in case of early morning akinesia and nocturnal akinesia,
whereas catechol O-methyltransferase inhibitors and shortening
of dosing intervals should relieve pain associated with end-of-
dose akinesia. Regarding pain resulting from off dystonia, proba-
bly the most painful form of dyskinesia, the treatment should be
based on long-lasting r-dopa formulations in the evening and
readily soluble r-dopa formulations in the morning. Finally,
once-daily application of a transdermal patch of rotigotine, a
dopamine agonist, was shown to produce significant pain relief
related with early morning motor function and sleep quality
irnprovement.”j5

Beyond pharmacological treatments, DBS can be proposed in
patients with advanced PD to treat motor symptoms, which are
not controlled by oral pharmacotherapy (i.e., patients with

76,77 especjally using the STN target.78 It

paroxysmal off phases),
has been shown that STN-DBS could also produce a significant
reduction of spontaneous pain intensity in 40% to over 80% of
PD patients up to 24 months postsurgery.***® Pain relief

5,79
45,7 In

induced by DBS is independent from the motor effect.
fact, the correlation between pain relief and motor improve-
ment post-DBS probably varies with the type of pain syndrome.
For example, STN-DBS was reported to preferentially amelio-
rate dystonic pain in the off drug condition.*”®' Reduction of
pain intensity by DBS was also correlated with improvement in
quality of life.>* For pain symptoms that are not associated with
motor fluctuations or persist after dopaminergic adjustments, the
therapeutic approach should be based on the underlying mecha-
nism, either musculoskeletal or neuropathic, for example.
Regarding musculoskeletal pain, various rehabilitation programs
can be relevant for improving the function of axial muscles,
which play the major role in postural adjustment during gait
and are the most commonly affected.®>* In case of neuropathic
pain, the principles of treatment should be the same as for other
conditions of neuropathic pain (for review, see a previous
work™). For example, duloxetine hydrochloride, a selective
serotonin and noradrenaline reuptake inhibitor indicated for
neuropathic pain syndrome, was found to be effective in central

doi:10.1002/mdc3.12217

MOVEMENT DISORDERS CLINICAL PRACTICE 361



REVIEW

Pain in Parkinson’s Disease

pain of PD patients.*” Therapeutic strategies can also be based
on the reinforcement of descending inhibitory controls of pain.

Conclusion

We suggest a modification of Ford’s classification regarding the
types of pain occurring in PD patients, especially to take into
account the different pain syndromes associated with the differ-
ent types of motor fluctuations. The impact of dopaminergic
therapy on pain should also be considered for diagnostic classifi-
cation. Our proposed questionnaire allows the characteristics of
each pain type to be determined according to its relationship
with the disease and its treatment. The reliability and validity of
this questionnaire will be further evaluated in a prospective clin-

ical study.
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