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Abstract
Pain is a frequent and disabling non-motor feature of Parkinson’s disease (PD). The recently proposed PD Pain Classifica-
tion System (PD-PCS) allows for an association of pain with PD to be determined before being allocated to the main pain 
mechanism (i.e. nociceptive, neuropathic, and nociplastic). In this article, previous studies on treatments for pain in PD are 
summarized according to the pain mechanisms. A mechanistic approach to treatment is discussed. We suggest that the first 
step should be optimizing dopaminergic therapy before other therapy is started. When these treatments remain unsuccessful, 
further causes of pain must be considered. The role of drugs, invasive treatments, and physiotherapeutic interventions are 
discussed with a focus on older PD patients and considering polypharmacy, altered pharmacokinetics, and comorbidities.
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Key Points 

The correct classification of pain syndromes in Parkin-
son’s disease (PD) is crucial for their successful treat-
ment.

Dopaminergic drugs may be useful for most PD-related 
pain.

Conventional pain therapy may be an option when 
adjustment of dopaminergic therapy fails.

Drug interactions, altered pharmacokinetics, and comor-
bidities require a regular follow-up in older patients.

1 Introduction

Chronic pain (i.e. pain of at least 3 months’ duration) is a 
relevant non-motor symptom (NMS) of patients with Par-
kinson’s disease (PD), with impact on health-related quality 
of life [1, 2]. Especially in older PD patients, pain becomes 
difficult to diagnose and to treat because of the high preva-
lence of PD-unrelated pains [3]. Therefore, an association 
with the disease should be determined before evaluating the 
therapeutic options. In addition to pains directly associated 
with PD (e.g. Off-phase pain), pains can also be aggravated 
by the disease (indirectly related). PD also contributes to 
pain syndromes not directly related to the extent of dopamin-
ergic stimulation (i.e. cobalamin deficiency, osteoarthrosis). 
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Finally, patients may be affected by other pain syndromes 
commonly encountered in older adults (PD-unrelated pains).

A new PD Pain Classification System (PD-PCS) includ-
ing a questionnaire and an online application has been 
developed and validated to allow for the attribution of 
pain to PD, before defining a mechanistic pain descrip-
tor (i.e. neuropathic, nociceptive, and nociplastic) [4] 
(Fig. 1). Nociplastic pain has been recently introduced as 
a third mechanistic pain descriptor reflecting pains with an 
altered nociception that are neither neuropathic nor nocic-
eptive (e.g. primary chronic pains) [5, 6]. In routine care, 
pain therapy normally implicates first the improvement 
of the dopaminergic medication (especially for nocicep-
tive and nociplastic pains) before further therapies (e.g. in 
neuropathic pains) or further diagnostics become manda-
tory (unrelated or indirectly related pains). Pharmacologi-
cal treatment of PD in older patients has been presented 
elsewhere and will be summarized with a focus on pain 
therapy [7]. Dopaminergic and non-dopaminergic medica-
tions with proven effects on pain in PD will be discussed 
in more detail. Invasive therapies such as levodopa-carbi-
dopa intestinal gel (LCIG) pump therapy and deep brain 
stimulation (DBS) can be an option in refractory motor 
and non-motor fluctuations such as pain. Additionally, 
the pain-relieving role of physiotherapeutic interventions 
will be taken into consideration. Associated factors (i.e. 
cognitive function, emotional factors and sleep), polyp-
harmacy and comorbidities are to be considered during 
regular follow-ups [7].

2  The Older Parkinson’s Disease (PD) Patient

The clinical course of PD is largely determined by the motor 
but also by the non-motor subtype [2, 8]. For example, the 
tremor-dominant type has a better clinical course with fewer 
cognitive symptoms [9]. In addition, the recently defined 
Pain Park non-motor type showed a strong association with 
sleep dysfunction and dysautonomia, whereas other non-
motor symptoms were not independently associated with 
pain [10, 11]. Along with aging, motor and non-motor symp-
toms deteriorate with frailty, risks for falls and dysphagia 
affecting quality of life [12–14]. PD therapy becomes less 
effective and the occurrence of motor and non-motor fluctua-
tions also leads to increased risks for falls and dysphagia [2]. 
Multimorbidity affects many PD patients with a large pro-
portion having cardiovascular diseases and cardiovascular 
risk factors also increasing polypharmacy [15]. Side effects 
of medication, interactions of drugs as well as non-motor 
symptoms (cognitive decline, sleep disorders, depression, 
cardiovascular, and gastrointestinal symptoms) determine 
the course in later stages [16]. Due to the high prevalence 
of comorbidities and polypharmacy, these conditions must 
be considered especially in the pharmacological manage-
ment of pain.

3  Prevalence of Pain in PD

The prevalence of PD-related chronic pain depends on the 
age of the patient, the stage of the disease as well as on 
concomitant factors and comorbidities. A quarter of patients 

Fig. 1  Prevalence of Parkin-
son’s disease (PD)-related pains 
(neuropathic, nociceptive, and 
nociplastic pains with respect to 
the defined pain syndrome), and 
PD-unrelated pains (modified 
with permission from [4])
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have reported pain as a preceding symptom indicating an 
early motor stage (i.e. shoulder pain reflecting localized 
rigor and akinesia) [17]. In intermediate stages, a prevalence 
of 60% for PD-related pains has been observed [3]. Dur-
ing the disease course, pain prevalence increases together 
with motor fluctuations and alterations of pain perception 
affecting up to 80% of the population [18]. With respect to 
the different types of PD-related pain, nociceptive pain has 
the highest prevalence followed by nociplastic (a recently 
defined pain type, see below), and neuropathic pains [4] 
(Fig. 1). Chronic pain in PD also impacts quality of life and 
often shows an association with female gender, and Hoehn 
and Yahr stage [1, 10]. In a recent study, we showed a mod-
erate correlation between the PD-PCS total score and PD-
related quality of life. In contrast, when adjusted for other 
variables, PD-related pains as assessed by King’s Parkin-
son’s disease Pain Scale (KPPS) only slightly impact quality 
of life [19]. This discrepancy might be explained by differ-
ences in the sample, as the impact of pain relative to other 
non-motor symptoms appears to be less marked in the more 
advanced stages.

PD-unrelated pains seem to have a similar prevalence 
as seen in the general population of about 22–30% [4, 20]. 
In contrast, some observations suggest a higher prevalence 
of 60% and a greater impact on health-related quality of 
life [3].

4  Pathophysiology of PD‑Related Pain

A fluctuation of pain with motor and non-motor fluctua-
tions and thereby with dopaminergic stimulation is often 
observed with more intense pain in motor and/or non-motor 
Off phases in the respective regions of the body. Experimen-
tal pain sensitivity has been employed to detect altered noci-
ception and pain perception. Accordingly, studies revealed 
increased pain sensitivity towards various stimuli during the 
Off phase, further increasing with disease duration and with 
pain [21–24]. In addition, one study showed an impact of 
dyskinesia on experimental pain stressing the hypothesis that 
pain and dyskinesia share similar mechanisms [25]. At the 
spinal level, increased pain sensitivity (nociception) has been 
shown to decrease following dopamine replacement therapy 

Fig. 2  The Parkinson’s Disease–Pain Classification System (PD–PCS) (modified with permission from [4])
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[22]. At the cortical level, the activation of the medial and 
lateral pain network during the Off phase was more pro-
nounced as compared with the On phase in functional MRI 
[26]. In neuropathic pain, the medial pain pathway is thought 
to contribute to the perceived pain in contrast to PD patients 
without pain who rather activate the lateral pain pathway 
[27]. In these regions, the involvement of monoaminergic 
systems has been postulated [28]. Decreased descending 
inhibitory control deriving from mesencephalic descending 
dopaminergic pathways contributes to increased spinal noci-
ception while other descending inhibitory pathways were not 
affected, as shown by conditioned pain modulation (CPM) at 
the spinal level [24]. Lewy bodies in cutaneous nerve fiber 
endings seem to reduce pain sensitivity in the On phase, 
whereas Lewy bodies in the spinal dorsal column may have 
contrary effects for the transmission of nociceptive input [29, 
30]. Aging, in general, seems not to influence nociception 
and pain perception, presumably since reduced descending 
inhibitory control outweighs reduced afferent input [31]. 
Only sympathetic skin responses towards pain, reflecting 
nocifensive responses, were found to be reduced [31].

5  Diagnosing Pain in PD

Due to the high prevalence of pain in older adults as well as 
of pain associated with PD, the diagnosis of pain related to 
PD can be a challenge for the clinician [3]. This difficulty 
derives also from fluctuation of pain along with the fluctua-
tion of PD symptoms, concomitant factors related to pain 
processing and perception (i.e. depressive symptoms and 
cognitive decline), and further PD-related symptoms in the 
actual clinical focus.

We suggest first assessing motor and non-motor symp-
toms by using the Movement Disorders Society Unified PD 
Rating Scale (MDS-UPDRS) [32], the MDS Non-Motor 
Rating Scale (MDS-NMS) [33], and a motor diary to deter-
mine the functional staging of the patient across the day. 

This allows the calculation of On time, Off time, and time 
spent with disabling or non-disabling dyskinesias [34]. As 
a next step, the relation with PD can be determined either 
by questions from the NMS scale (NMSS) and the NMS 
questionnaire (pain during the Off phase, improvement by 
medication, and exclusion of further causes) [35, 36], or 
by using the more recent PD-PCS [4] (Fig. 2). This novel 
pain questionnaire follows the propositions of Quinn et al., 
Wasner and Deuschl, as well as of Marques et al. [37–39] 
and includes questions from the non-motor symptom scale 
and the questionnaire for the association of pain with PD 
[35, 36]. Here, the first step is to determine if the patient’s 
pain is directly related to or aggravated by PD (indirectly 
related) (illustrative cases in Figs. 3, 4). The relation with 
PD is determined by the concomitant beginning or aggra-
vation of pain with motor symptoms, improvement of pain 
by dopaminergic drugs, the increase of pain during the Off 
phase, and/or the occurrence of pain during choreiform dys-
kinesia [40]. If one of those four questions apply, a relation 
with PD is assumed. The underlying pain mechanism can 
be determined in a hierarchical manner in step 2 as sug-
gested by the International Association for the Study of 
Pain (IASP). Neuropathic pain (central or peripheral) can be 
detected first by using the Douleur neuropathique question-
naire 4 (DN4) [41], before nociceptive and nociplastic pains 
are assessed. In step 3, pain intensity, frequency, and level 
of interference with activities of daily living can be scored. 
A final score that ranges from 0 to 90 can then be obtained 
by multiplying these scores for the three categories of pain. 
As an alternative rater-based approach, the KPPS can be 
employed, which distinguishes seven different PD-related 
pain domains [42, 43].

In general, a mechanism-based classification facilitates 
further diagnosis and mechanisms-based therapy. As a first 
step, we suggest optimization of the antiparkinsonian medi-
cation regimen [40]. If pain persists after this, a weak cor-
relation with motor and/or non-motor fluctuations in PD can 
be assumed, and other treatments will be necessary. This 

Fig. 3  Clinical case 1 A 74-year-old male pa�ent suffering from PD for 10 years presented with a diffuse ache of 
the abdominal region and painful paresthesia of the feet. These symptoms started many 
years before and had worsened ever since. His medical history included polyneuropathy of 
unknown origin, depression, and scia�ca. His current treatment consisted of 1100 mg L-
dopa, 150 mg pregabalin, and 30 mg duloxe�ne/day.  
He reported a worsening of abdominal pain during wearing-off phases and an improvement 
by dopaminergic treatment. This was confirmed by careful assessment employing the PD-
PCS. Due to interior restlessness and a�er the exclusion of neuropathic and nocicep�ve 
pains, the present pain was diagnosed as nociplas�c non-motor off pain with a PD-PCS score 
of 45. 
The reduc�on of the off-phase dura�on by an increase of the dopaminergic drug dosing 
frequency contributed to a substan�al relief in the abdominal pain. According to the PD-PCS 
assessment, painful paresthesia of the feet were not related to PD and had a neuropathic 
character. A severe cobalamin deficiency was diagnosed and treated.  
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case, which may be more relevant for nociceptive pains, 
requires the consideration of mechanism-based therapies, 
and of the presence of PD-unrelated pain. In addition, a rat-
ing for pain intensity as well as for the impact on quality of 
life is suggested as provided within the proposed question-
naires [4, 42, 44]. However, in older adults with comorbidi-
ties, pain assessment using dedicated questionnaires often 
becomes difficult. Here, scales like verbal analogue scales 
for pain intensity and non-verbal scales should be employed 
in order to address relevant pain not adequately communi-
cated [45].

5.1  Pains Related to PD

The PD-PCS can help to classify PD-related pains into one 
of the three mechanistic pain descriptors including all pre-
viously mentioned pains attributed to PD (i.e. nociceptive, 
neuropathic, and nociplastic pains) (Figs 1, 2) [4]. Neu-
ropathic pain is defined as pain syndrome due to a lesion 
or disease of the somatosensory nervous system [46]. It 
includes a peripheral (e.g. distributed according to dermato-
mes) and a central subtype (i.e. following an atypical or a 
‘central’ distribution, such as hemibody) [47]. Nociceptive 
pain, arising from actual or threatened damage of non-neural 
tissue due to the activation of nociceptors with increased 
sensitivity to palpation [48], can be subdivided into local-
ized pains, myofascial pain syndrome, and coat hanger head-
aches. These pains often occur during an Off phase and may 
have a dystonic component. Nociplastic pain has been intro-
duced as a third mechanistic pain descriptor for pains deriv-
ing from an alteration of nociceptive processing as described 
in primary pain syndromes [5, 48]. Following the definition 
from IASP, it is diagnosed after neuropathic and nociceptive 
pains are excluded [4]. In PD, nociplastic pains are usually 
part of a broader neuro-psychiatric disturbance including 
non-motor fluctuations such as dopamine agonist withdrawal 
syndrome or dopaminergic dysregulation syndrome, reflect-
ing an altered dopaminergic receptor stimulation. We also 

classified leg motor restlessness and the non-motor Off here 
when the neuropathic component was not dominant.

5.2  Pains Unrelated to PD

Pains unrelated or indirectly-related (i.e. aggravated) to 
PD may occur with a higher frequency than in the general 
population [49]. Altered posture, falls, osteoporosis, and 
sensory polyneuropathy connected with cobalamin defi-
ciency may increase the prevalence of PD-unrelated pains 
[50] compared with the general population as shown in 
one study compared to others [3, 4, 20].

5.3  Factors Influencing Pain in PD

Influencing factors can be assessed by using the MDS-
NMS scale and when necessary by using dedicated ques-
tionnaires for the assessment of mood and cognition 
[e.g. Hospital Anxiety and Depression Scale (HADS) 
and Montreal Cognitive Assessment (MoCA)] [33, 51, 
52]. These factors are of great importance because they 
influence pain perception and communication. Pain in 
PD patients is often insufficiently treated. Reasons may 
be underreporting by the patients, or predominance of 
other symptoms (e.g. severe motor Off phase or cogni-
tive deficits) [13]. In this context, experimental studies 
revealed that pain perception is not reduced in dementia, 
but that communication is limited, which requires dedi-
cated verbal or non-verbal assessment tools such as the 
Pain Assessment in Advanced Dementia (PAINAD) scale 
[45, 53]. When depression and pain occur simultaneously, 
a mutual negative influence should be considered due 
to the implication of similar neurotransmitters in both 
conditions [54]. Moreover, it has been demonstrated by 
using the NMSS that cardiovascular symptoms and sleep, 
in particular, correlate with pain in PD [10]. Thus, these 
NMS require further attention with respect to their nega-
tive influence on pain, implicating a detailed assessment 

Fig. 4  Clinical case 2 A 42-year-old female pa�ent with early-onset PD complained about pain in the lower limbs 
in the morning before medica�on intake occurring since the diagnosis of PD 5 years ago. 
Furthermore, she describes a severe generalized pain since taking a combina�on of 
entacapone and L-dopa for some months during the whole day.  
The first pain occurred during the off phase and improved with dopaminergic medica�on, 
whereas her second pain occurred during the on phase together with slight chorea�c 
dyskinesia and worsened by the intake of the combina�on of entacapone and L-dopa. The 
leg pain was classified as nocicep�ve off dystonia. It was markedly reduced by adding a 
ro�go�ne patch. Due to severe neuropsychiatric symptoms a�er the exclusion of 
neuropathic and nocicep�ve pain, the second was classified as nociplas�c with a PD-PCS 
score of 72 (maximum 90). This severe generalized pain was resolved along with a reduc�on 
of dyskinesia by stopping entacapone.  
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of sleep and cardiovascular symptoms (e.g. orthostatic 
hypotension).

6  Treatment of Pain

Treatment of pain in PD should be tailored to the mecha-
nism of pain (i.e. nociceptive, neuropathic, or nociplastic 
[4]). These are the major pain syndromes [37]. There are no 
studies assessing the herein proposed mechanistic therapy in 
PD. Notwithstanding, in the present text we classify previous 
studies according to the assumed pain mechanism.

With respect to pain related to PD, no recommendations 
have been given so far by the Non-Motor PD study group 
of the Movement Disorders Society (MDS) in 2019 [55]. 
Insufficient evidence was found in one negative study for 
the combination of oxycodone/naloxone prolonged-release 
formulation [56]. Because of positive effects during the 
study and the almost significant effect at the primary end-
point, it was considered possibly useful with a monitoring 
of gastrointestinal symptoms (see below). Insufficient evi-
dence was seen for the rotigotine patch according to the first 
results of one study [57]. Most studies did not target pain 
but reported pain as part of health-related quality of life and/
or non-motor symptom questionnaires. Hence, recent stud-
ies measured pain by using visual analogue scales (VAS) 
or the KPPS. These studies revealed promising results of 
various approaches, which will be detailed in the following 
sections. Studies targeting motor symptoms of PD will be 
discussed first.

6.1  Effects of Dopaminergic Drugs on Pain in PD

The first step in the treatment of PD-related pain should 
be the adequate control of motor and non-motor symptoms 
by optimizing the dopaminergic medication schedule with 
attention on side effects. Studies targeting pain in PD are 
selected according to the assumed pain mechanism or the 
motor symptom treated (Table 1). All PD-related pain syn-
dromes included under the respective mechanism are men-
tioned in Fig. 1.

6.1.1  Nociceptive Pain

6.1.1.1 Levodopa The effect of l-dopa on pain (mainly 
nociceptive and neuropathic) has been assessed in an open-
label study of 15 patients reporting a pain reduction of 51% 
in the On phase as compared with the Off phase (VAS) and a 
correlation of motor improvements with pain decrease [58]. 
An evaluation of the Wearing-Off Questionnaire (WOQ-9) 
showed that motor and non-motor wearing-off pain respond 
differently to dopaminergic treatment [59]. Motor pain 

(muscle cramping) improved in 57%, whereas non-motor 
pain improved in 46% following the next dosage.

6.1.1.2 Dopamine Agonists Rotigotine Two randomized 
controlled trials (RCTs) evaluated the effect of the 24-h 
rotigotine transdermal patch on motor symptoms and non-
motor symptoms [60, 61]. The analyses of the RECOVER 
study for unsatisfactory control of early morning symptoms 
revealed improved motor function, sleep and pain (Likert 
scale) after 4 weeks of maintenance [61]. Post-hoc analyses 
of patients with pain showed greater effects in those with 
motor symptom and sleep quality improvements [62].

The second study examined 12 weeks of rotigotine on 
non-motor symptoms in patients with an NMSS score of 
at least 40 [60]. This study revealed positive effects on the 
mood/apathy and miscellaneous domain of the NMSS (sig-
nificant effect on excessive sweating but non-significant 
effect on unexplained pain) domain as well as on the UPDRS 
III and on quality of life [subdomains of the Parkinson’s 
Disease Questionnaire-39 (PDQ-39) were not given].

Pramipexole An RCT targeting depressive symptoms in 
PD revealed that improved depression accounts for a major 
part of improvements induced by pramipexole [63]. The PDQ-
39 did not show significant effects but the EQ-5D did. How-
ever, no significant effect in the pain subdomain was seen.

6.1.1.3 COMT Inhibitor Entacapone An RCT showed sig-
nificant effects on health-related quality of life by the addi-
tion of entacapone for 26 weeks in patients with stable 
l-dopa response [64]. However, no significant effects on the 
pain subdomain were seen.

6.1.1.4 MAO‑B Inhibitor Safinamide In addition to the 
reversible inhibition of the MAO-B, safinamide inhibits glu-
tamate release by blocking voltage-dependent sodium chan-
nels [65]. Therefore, additional effects on pain transmission 
can be expected.

An RCT of safinamide for 24 weeks in patients with 
motor fluctuations and relevant Off time revealed increase 
of On time for the 50- and 100-mg dosages, improved qual-
ity of life (PDQ-39) as well as improved bodily discomfort 
for the 100-mg dosage only [66]. The post-hoc analyses of 
two trials showed slightly fewer concomitant pain drugs as 
well as a slight reduction in muscle cramps and hot or cold 
sensations (items of the PDQ-39) [67]. The 2-year extension 
study as well as the post-hoc analyses of PD-related quality 
of life showed similar effects [68, 69].

A 12-week open-label study in 13 patients with muscu-
loskeletal (N = 13) and neuropathic pain (N = 7), and with 
motor fluctuations showed significant effects of safinamide 
100 mg on the KPPS, the Brief Pain Inventory (BPI), and 
the Numeric Rating Scale (NRS) [70].
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An additional observational safety study over 1 year 
including patients older than 75 years showed significant 
improvements in motor function in 45% of the patients [71]. 
In older adults with PD, dyskinesia was the most frequent 
side effect. Adverse events (AEs) were similar to patients 
younger than 75 years, while serious AEs (SAEs) occurred 
more often in patients aged > 75 years (13.6 vs 7.7%). 
Patients with comorbidities had higher rates of AEs and 
SAEs. No serotoninergic syndromes were reported despite 
an intake of antidepressant drugs in 28% of the patients.

6.1.2  Nociplastic Pain

A similar approach to the one recommended for nocicep-
tive pain may also be applied to nociplastic pain with a pre-
dominance in the Off phase. Therefore, optimization of the 
antiparkinsonian drug regimen should be the first therapeutic 
option. No recommendations can be given at the present 
time for pain not responding to optimized dopaminergic 
therapy.

6.1.3  Neuropathic Pain

So far, no double-blind RCT has reported effects of dopa-
minergic drugs on neuropathic pain. Notwithstanding, in 
the open-label study of safinamide, an improvement in pain 
was seen in seven patients with neuropathic pain [70]. Since 
central neuropathic and nociplastic pains result from central 
pain augmentation due to dopamine depletion, we suggest 
increasing dopaminergic stimulation when a clear relation 
with PD can be assumed. This hypothesis should be tested 
in appropriate double-blind controlled trials.

6.1.4  Treatment of PD in Older Adults: General Remarks

Beyond the therapy of motor and non-motor symptoms, PD 
therapy in older adults should respect altered pharmacoki-
netics, polypharmacy as well as comorbidities [7].

Concerning levodopa, older women were found to have 
higher plasma concentrations and a longer drug half-life 
[72]. Additional orthostatic symptoms may occur in rela-
tion to l-dopa intake [73], and l-dopa can further lead to 
cobalamin deficiency causing polyneuropathy [50]. Also, the 
impact of gastroparesis in PD leading to a reduced bioavail-
ability should not be neglected [74]. Proteins using similar 
intestinal transport proteins should not be taken simultane-
ously but rather with a delay of 60 min before or 30 min after 
levodopa intake.

Because of the higher frequency of side effects of dopa-
mine agonists, older patients are preferably treated with lev-
odopa. However, if carefully monitored, dopamine agonists 
can reduce the levodopa dosage, presumably enlarging the 
interval until motor fluctuations occur. Side effects show a 

large inter-individual difference and even a low dosage may 
induce hallucinations, impulse control disorders as well as 
dizziness [75]. When dopamine agonists are taken together 
with centrally acting agents, sleepiness may further increase. 
Risk factors for the development of impulse control disor-
ders include elevated dopamine agonist dosages as well as 
psychiatric comorbidities [76]. For pramipexole, reduced 
renal function must be taken into account (for ropinirole 
only in patients with hemodialysis) [77], while liver func-
tion should be considered for ropinirole and rotigotine [78].

COMT and MAO-B inhibitors reduce the degradation of 
levodopa and thereby increase and prolong its bioavailabil-
ity. Thus, lower levodopa dosages are required. In addition, 
the degradation of catecholamines is reduced, which has 
to be considered when given simultaneously with antide-
pressants (increased risk for serotonin syndrome). COMT 
inhibitors may cause dyskinesia when given early [79] and 
they inhibit CYP2C9, which may lead to increased plasma 
levels of various agents (e.g. warfarin, diclofenac, ibuprofen, 
sartans) [80]. The new COMT inhibitor, opicapone, can be 
administered instead of entacapone only once daily [81]. 
MAO-B inhibitors are recommended as monotherapy in 
early PD but also as add-on therapy in advanced stages [82]. 
The combination with serotoninergic agents increases the 
risk for serotonin syndrome, which has not been observed in 
a recent retrospective study [83]. For rasagiline, metabolism 
via CYP1A2 may lead to increased plasma levels by inhibi-
tors. Rasagiline and safinamide should not be given in liver 
insufficiency and selegiline not in renal insufficiency [84].

Amantadine, an NMDA-receptor antagonist often 
employed for the treatment of dyskinesia [85] or in akinetic 
crises, should not be given together with other QTc-prolong-
ing drugs or in patients with a history of arrhythmias [86]. 
In addition, renal function, as well as anticholinergic side 
effects, must be considered.

6.2  Treatment of PD‑Related Pain 
with Non‑Dopaminergic Drugs

When pain does not respond to an optimization of the dopa-
minergic drug regimen, further pain therapy should be envis-
aged. To date, only three studies have targeted pain in PD 
[56, 87, 88]. In clinical practice, NSAIDs have been pre-
scribed very often [89]. Table 2 lists studies investigating 
pain in PD by using non-dopaminergic drugs.

6.2.1  Nociceptive Pain

6.2.1.1 NSAIDs So far, no studies have been performed on 
the effects of NSAIDs and related drugs on pain in PD. In an 
observational study, 55% of the PD patients with pain were 
treated with painkillers [89]. NSAIDs contributed to 60% of 
the painkillers used, followed by paracetamol (22%), meta-
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mizole (16%), and opioid derivates (9%). A 78% efficacy 
was reported by the patients.

6.2.1.2 Oxycodone/naloxone A 16-week RCT with 
prolonged-release oxycodone–naloxone in a dosage of 
2 × 5/2.5 mg up to 2 × 20/10 mg failed to show a signifi-
cant effect on the primary outcome (0.6; p = 0.058) in PD 
patients with severe pain (NRS  ≥ 6) but demonstrated a 
significant improvement after 4, 8 and 12 weeks, especially 
in patients with musculoskeletal (NRS −0.9) and noctur-
nal pains (NRS −1.6) [56]. Responder rates were higher in 
the verum group (48 vs 34%) but drop-out rates were also 
higher, mainly due to nausea and constipation (17% vs 9% 
and 17% vs 6%).

6.2.1.3 Tapentadol In a retrospective analysis of 21 PD 
patients treated with tapentadol (average dosage 200  mg) 
over 6 months, a mean pain reduction of about 50% was 
seen with a good tolerability and no cognitive side effects 
[90]. In addition, mood as well as quality of life improved. 
In this retrospective study, patients with different pains were 
included (mostly nociceptive and mixed pains according to 
the painDETECT questionnaire).

6.2.1.4 Cannabinoids Significant positive short-term 
effects of a single dose of medical cannabis were seen with 
respect to motor function and pain as well as for experi-
mental pain measures [91]. Large clinical trials failed to 
confirm such positive effects often given in open-label stud-
ies in other indications [92, 93]. One small RCT revealed 
an improvement in PD-related quality of life with canna-
bidiol (CBD) 300 mg, but showed no significant effect on 
pain [94]. Another RCT of tetrahydrocannabinol (THC)/
CBD showed no significant effects on dyskinesia and failed 
to show significant effects on pain [95]. In a recent survey 
of patients in Germany, PD-related use of medical cannabis 
was reported by 8.4%, and 40% of them reported relief from 
pain and muscle cramps [96].

6.2.1.5 Botulinum toxin Two RCTs assessed the effects of 
botulinum toxin on two different types of limb pain. One 
RCT investigated whether the injection of 100 U into the 
flexor digitorum longus or the flexor digitorum brevis mus-
cle improves toe dystonia [97]. Positive effects on dystonia 
as well as on pain compared with placebo were seen for both 
sites but with greater effects for the injection of the flexor 
digitorum longus muscle also lasting beyond the second 
injection after 3 months. The authors conclude that a simul-
taneous injection in both muscles may have even greater 
effects. The other study failed to show significant effects on 
limb pain not responsive to levodopa compared with pla-
cebo when the muscles of the affected limb were injected 

with an average dosage of about 242 U (without specifying 
the respective muscles) [98].

6.2.2  Neuropathic and Nociplastic Pains

6.2.2.1 Duloxetine Beyond its use for the treatment of 
major depression, duloxetine is an SNRI with proven 
effects on pain in diabetic neuropathy [99] as well as in 
chronic musculoskeletal pain [100]. One open-label study 
employing duloxetine 30–60  mg for 6 weeks in 20 PD 
patients with assumed central pain revealed a relevant 
clinical effect on various pain measures [87]. The high 
drop-out rate (starting dose 60 mg), the open-label design 
as well as the definition of central PD-related pain must 
be considered. Usually, a better tolerability can be reached 
by slow titration. A recent RCT of duloxetine 40 mg for 
10 weeks in a group of selected patients with PD-related 
pains could not replicate the results of this previous study 
[88]. The study showed positive effects on various aspects 
of quality of life independently from effects on depression. 
Lower pain intensities (VAS 5) and the inclusion of all 
PD–related pains was assumed to account for these nega-
tive findings.

6.2.3  Treatment of Pain in Older Adults: General Remarks

With respect to pain medications in PD, limitations exist for 
their use in geriatric patients. An individualized pain therapy 
should be envisaged considering altered pharmacokinetics, 
which requires a reduced dosage depending on liver and 
renal function [101]. Pharmacotherapy should “start low and 
go slow” and be given only for a short period. Each agent 
has some limitations; for example, topical agents should be 
preferred in cases of osteoarthritis. Interactions with low-
dose aspirin must be considered, and thus an interval of 
1–2 h can reduce risks for interactions with other NSAIDs. 
COX-2 inhibitors should be preferred due to a reduced risk 
for gastrointestinal bleeding. Prophylactic treatment with 
PPIs could be envisaged, but interactions of PPIs with 
other medications have to be taken into account. Due to the 
nephrotoxicity of NSAIDs, paracetamol in doses up to 2 g/
day is preferred in older persons without liver dysfunction. 
Vasoconstrictor effects of NSAIDs in ischemic heart disease 
and stroke should be taken into account. Also, metamizole 
can be considered with special care for orthostatic hypoten-
sion and myelotoxicity. Prolonged-release opioids in lowest 
dosages preferably applied together with an antagonist (to 
reduce gastrointestinal side effects) should be used according 
to the pain mechanism and the WHO steps but not for longer 
than 3–6 months. An opioid rotation may be useful, when 
the pain does not respond (e.g. with tapentadol). Tricyclic 
antidepressants should be given with caution due to anticho-
linergic side effects, especially on cognition. Duloxetine in 
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low dosages can be considered as add-on therapy depending 
on the pain type. Low dosages of gabapentin and pregabalin 
for neuropathic pain should be employed due to reduced 
renal function in older persons. The FORTA (Fit fOR The 
Aged) classification supports the adaptation of medication 
in geriatric patients to avoid over- or under-treatment, as 
well as mistreatment, by defining indispensable (A), ben-
eficial (B), and questionable drugs (C), as well as drugs to 
be avoided (D) [102, 103]. Its use in PD patients revealed 
severe interactions in 12% and moderate to severe interac-
tions in 81%, supporting its usefulness in older PD patients 
[104].

6.3  Invasive Treatments

6.3.1  Deep Brain Stimulation (DBS)

Deep Brain Stimulation (DBS) is performed by the surgical 
implantation of electrodes into the brain (usually bilater-
ally) connected to an extension wire and to an implanted 
pulse generator (usually located subcutaneously on the 
chest) [105]. The system provides electrical stimulation 
to a relatively restricted area of the brain in contact with 
the tip of the implanted electrode and its adjacent contacts. 
The most common targets include the subthalamic nucleus 
(STN) and the globus pallidus pars interna (GPi). Electrical 
stimulation of these targets provokes the net functional effect 

of a reversible lesion depending on the stimulation param-
eters controlled by telemetry. The main indications of DBS 
are motor fluctuations refractory to levodopa replacement 
therapy such as dyskinesia, unpredictable Off periods and 
wearing-off. It has been previously shown that as well as the 
beneficial effects of DBS on motor symptoms, NMS symp-
toms such as pain and gastrointestinal disturbances may also 
improve after surgery. In fact, it has been shown that pain 
improvement after STN-DBS may have an important role in 
the overall improvement in quality of life after surgery [106]. 
Patients with PD have lower than normal pain thresholds, 
which can be partially reverted by l-dopa administration 
[24, 26, 107], but also by turning on the STN-DBS system 
[108]. Also, it seems that specific regions within the STN 
may favor pain-relieving effects of DBS when used as the 
main target [109]. To date, NMS control is not a formal indi-
cation of DBS, but pain improvement does occur in a large 
majority of patients after surgery in the long term, especially 
musculoskeletal (nociceptive) types of pain.

6.3.2  Levodopa‑Carbidopa Intestinal Gel (LCIG)

In the last decades, it has been shown that infusion gel of 
levodopa-carbidopa provides more stable blood levels of 
levodopa compared with its oral administration in patients 
experiencing motor fluctuations [110]. Indeed, classical 
studies have demonstrated the positive effects of l-dopa gel 

Fig. 5  Algorithm for the therapy of Parkinson’s disease (PD)-related pains according to the PD–Pain Classification System (PD–PCS)
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infusion in controlling otherwise refractory motor symptoms 
[111]. Lately, it has been shown that this same strategy would 
also ameliorate NMS [112]. There is a large body of evidence 
indicating that l-dopa gel infusion can attenuate several NMS 
such as mood, sleep, and cognition. Its effects on PD-related 
pain have been assessed in a small number of uncontrolled 
studies. The GLORIA registry and Buongiorno et al. have 
shown an improvement in muscle cramps and painful par-
esthesias in the long term [112, 113]. Importantly, abdom-
inal cramps have been reported as a side effect of l-dopa 
gel infusion, affecting 3.1% of patients, along with weight 
loss, which affected 5.6% of a large cohort of advanced PD 
patients under long-term l-dopa gel infusion [114]. A recent 
study also suggested benefits in older PD patients, but drop-
out rates of about 20% are usually seen [115].

6.4  Physiotherapeutic Interventions

The advantage of physiotherapeutic interventions compared 
with pharmacological interventions are the positive effects 
on multiple parameters leading to an increase in quality of 
life as well as life expectancy with negligible side effects 
and drug interactions. Based on immediate and prolonged 
exercise-induced hypoalgesia [116], a clinical study demon-
strated outstanding effects on pain and motor function from 
long-lasting regular Nordic walking or walking (endurance 
therapy, 70 minutes, 3 times weekly for 6 months), but not 
of flexibility training [117].

7  Summary of Recommendations (Fig. 5)

No RCT of dopaminergic drugs targeting pain as the primary 
outcome has been published so far. Effects of l-DOPA were 
evaluated in a single open-label study and in clinical observa-
tions. Only one RCT targeting early morning symptoms with 
transdermal applied rotigotine showed significant effects on 
pain, especially in those patients with moderate to severe pain, 
but this was a secondary outcome and the sample included 
patients both with and without pain. Pramipexole did not show 
significant effects on pain in depressive patients. Despite nega-
tive results in a study targeting pain with entacapone in stable 
patients, the drug might still have a place in the treatment of 
wearing-off related pain, but this has not been assessed so far 
[79]. Safinamide is a promising drug with a potential to reduce 
Off time and with a slight analgesic effect. With respect to 
older PD patients, the treatment recommendations favor the 
use of l-DOPA as compared with agonists. Notwithstanding, 
rotigotine transdermal patch may be useful in older PD patients 
for early morning pain associated with sleep disorders if side 
effects are carefully monitored. Safinamide can also be sug-
gested as a treatment with a good side-effect profile in older 
persons, when relevant Off phases occur.

When optimizing the antiparkinsonian drug regimen, NMS 
should be targeted specifically. Indeed, pain, as well as other 
NMS, are only partially relieved by improvements in motor 
symptom control. DBS studies showed that the pain corre-
lates rather with motor fluctuations and not with the motor 
score [106]. Accordingly, a recent classification using a similar 
mechanistic approach suggests a central augmentation in some 
PD-related pains (i.e. dystonic nociceptive and central noci-
plastic pains) [37]. The beneficial effects of further increasing 
dopaminergic treatment doses in patients with adequate motor 
control remain unknown.

The treatment of PD-related pains with non-dopaminergic 
drugs should be the second step after the careful modification 
of motor and non-motor symptoms with dopaminergic drugs. 
Dedicated treatments are available for selected conditions 
such as botulinum toxin for toe dystonia and duloxetine for 
central neuropathic pain. The short-term use of prolonged-
release oxycodone–naloxone could be useful in patients with 
refractory pain when side effects are carefully monitored. 
So far, convincing studies of THC/CBD for pain therapy in 
PD are lacking. NSAIDs can be used in the short term, with 
a high efficacy reported by the patients. Invasive therapies 
can be an option for refractory PD-related pain in advanced 
PD. DBS has been suggested to be efficacious in the treat-
ment of pain, with its use favored in patients in whom DBS 
is indicated for other reasons. The responsiveness of pain to 
LCIG is probably lower. However, both invasive methods 
have many contraindications, making them less suitable in 
older patients. For DBS, an age > 70 years is often consid-
ered a contraindication, in addition to dementia, psychosis 
and depression. For LCIG application, the handling of the 
device by the patients or the caregivers must be respected. 
Finally, secondary causes of pain must be considered if pain 
does not respond well to any of these therapeutic measures.

8  Conclusion

We suggest approaching the treatment of pain in PD patients 
by performing the correct mechanistic diagnosis in the first 
place. In addition, motor symptoms, other NMS, frailty, con-
comitant diseases, and life conditions should also be taken into 
account. Pharmacological treatments should consider these 
factors as well as side effects and drug interactions.

With respect to dopaminergic medication, l-DOPA and 
rotigotine transdermal patch have shown some effects in 
open-label studies or as secondary outcomes in RCTs, and 
may therefore be used preferably for the treatment of pain in 
PD. With respect to non-dopaminergic medication, botulinum 
toxin can be suggested for toe dystonia, and duloxetine can 
be considered in central neuropathic pain. Refractory pain 
might respond to prolonged-release oxycodone–naloxone, 
when side effects are carefully monitored. Convincing studies 
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for THC/CBD are lacking so far. Physical therapy should not 
be neglected due to the reported effects on pain and positive 
effects on falls and frailty. Invasive therapies such as DBS and 
LCIG can also be an option for the treatment of pain in care-
fully selected patients.

The regular follow-up of the patient requires an interdisciplinary 
approach with regular clinical and laboratory controls as described 
previously [7]. Large RCTs targeting different types of PD-related 
pains (i.e. nociceptive, nociplastic, and neuropathic pains) are war-
ranted in order to provide a mechanism-based treatment.

Acknowledgements We thank Prof. Stefan Bachmann from Depart-
ment of Rheumatology at Kliniken Valens for his revision of the sec-
tion on pain therapy in older adults. We thank the patients for their 
participation within the conducted research projects.

Declarations 

Funding No sources of funding were received for the preparation of 
this article.

Conflict of interest Veit Mylius consulted for Abbvie, and received 
research grants from Zambon and Mundipharma. He further received 
support from Boston Scientific, Licher MT, Abbvie, and Medtronic. 
Santiago Perez-Lloret received honoraria from IPMDS and consult-
ed for ELEA laboratories and Inmunova Laboratories. Jens Carsten 
Möller, Stephan Bohlhalter, and Daniel Ciampi de Andrade have no 
conflicts of interest that are directly relevant to the content of this ar-
ticle.

Ethics approval and consent Not applicable.

Data availability Not applicable.

Author contribution VM drafted the first version, DCDA and SPL 
drafted parts of the manuscript. JCM and SB corrected and improved 
the first version. All authors improved the subsequent versions and 
gave their final consent.

References

 1. Lubomski M, Davis RL, Sue CM. Health-related quality of life 
for Parkinson’s disease patients and their caregivers. J Mov Dis-
ord. 2021;14(1):42–52.

 2. Schapira AHV, Chaudhuri KR, Jenner P. Non-motor features of 
Parkinson disease. Nat Rev Neurosci. 2017;18(8):509.

 3. Lee MA, Walker RW, Hildreth TJ, Prentice WM. A survey of 
pain in idiopathic Parkinson’s disease. J Pain Symptom Manage. 
2006;32(5):462–9.

 4. Mylius V, Perez Lloret S, Cury RG, Teixeira MJ, Barbosa VR, 
Barbosa ER, et al. The Parkinson disease pain classification sys-
tem: results from an international mechanism-based classifica-
tion approach. Pain. 2021;162(4):1201–10.

 5. Kosek E, Cohen M, Baron R, Gebhart GF, Mico JA, Rice AS, 
et al. Do we need a third mechanistic descriptor for chronic pain 
states? Pain. 2016;157(7):1382–6.

 6. Treede RD, Rief W, Barke A, Aziz Q, Bennett MI, Benoliel 
R, et al. Chronic pain as a symptom or a disease: the IASP 

Classification of Chronic Pain for the International Classifica-
tion of Diseases (ICD-11). Pain. 2019;160(1):19–27.

 7. Klietz M, Greten S, Wegner F, Hoglinger GU. Safety and toler-
ability of pharmacotherapies for Parkinson’s disease in geriatric 
patients. Drugs Aging. 2019;36(6):511–30.

 8. Armstrong MJ, Okun MS. Diagnosis and treatment of Parkinson 
disease: a review. JAMA. 2020;323(6):548–60.

 9. Katzen HL, Levin BE, Weiner W. Side and type of motor symp-
tom influence cognition in Parkinson’s disease. Mov Disord. 
2006;21(11):1947–53.

 10. Ghosh P, Imbriani P, Caputi N, Natoli S, Schirinzi T, Di Lazzaro 
G, et al. A dual centre study of pain in Parkinson’s disease and its 
relationship with other non-motor symptoms. J Parkinsons Dis. 
2020;10(4):1817–25.

 11. Sauerbier A, Jenner P, Todorova A, Chaudhuri KR. Non motor 
subtypes and Parkinson’s disease. Parkinsonism Relat Disord. 
2016;22(Suppl 1):S41–6.

 12. Low V, Ben-Shlomo Y, Coward E, Fletcher S, Walker R, Clarke 
CE. Measuring the burden and mortality of hospitalisation in 
Parkinson’s disease: a cross-sectional analysis of the English 
Hospital Episodes Statistics database 2009–2013. Parkinsonism 
Relat Disord. 2015;21(5):449–54.

 13. Politis M, Wu K, Molloy S, Bain PG, Chaudhuri KR, Piccini P. 
Parkinson’s disease symptoms: the patient’s perspective. Mov 
Disord. 2010;25(11):1646–51.

 14. Suttrup I, Warnecke T. Dysphagia in Parkinson’s disease. Dys-
phagia. 2016;31(1):24–32.

 15. McLean G, Hindle JV, Guthrie B, Mercer SW. Co-morbidity 
and polypharmacy in Parkinson’s disease: insights from a large 
Scottish primary care database. BMC Neurol. 2017;17(1):126.

 16. Klietz M, Tulke A, Muschen LH, Paracka L, Schrader C, Dressler 
DW, et al. Impaired quality of life and need for palliative care in 
a German cohort of advanced Parkinson’s disease patients. Front 
Neurol. 2018;9:120.

 17. Defazio G, Berardelli A, Fabbrini G, Martino D, Fincati E, 
Fiaschi A, et al. Pain as a nonmotor symptom of Parkinson 
disease: evidence from a case-control study. Arch Neurol. 
2008;65(9):1191–4.

 18. Beiske AG, Loge JH, Ronningen A, Svensson E. Pain in 
Parkinson’s disease: prevalence and characteristics. Pain. 
2009;141(1–2):173–7.

 19. Martinez-Martin P, Manuel Rojo-Abuin J, Rizos A, Rodriguez-
Blazquez C, Trenkwalder C, Perkins L, et al. Distribution and 
impact on quality of life of the pain modalities assessed by the 
King’s Parkinson’s disease pain scale. NPJ Parkinsons Dis. 
2017;3:8.

 20. Dahlhamer J, Lucas J, Zelaya C, Nahin R, Mackey S, DeBar L, 
et al. Prevalence of chronic pain and high-impact chronic pain 
among adults - United States, 2016. MMWR Morb Mortal Wkly 
Rep. 2018;67(36):1001–6.

 21. Djaldetti R, Shifrin A, Rogowski Z, Sprecher E, Melamed E, Yar-
nitsky D. Quantitative measurement of pain sensation in patients 
with Parkinson disease. Neurology. 2004;62(12):2171–5.

 22. Gerdelat-Mas A, Simonetta-Moreau M, Thalamas C, Ory-Magne 
F, Slaoui T, Rascol O, et al. Levodopa raises objective pain 
threshold in Parkinson’s disease: a RIII reflex study. J Neurol 
Neurosurg Psychiatry. 2007;78(10):1140–2.

 23. Mylius V, Brebbermann J, Dohmann H, Engau I, Oertel WH, 
Moller JC. Pain sensitivity and clinical progression in Parkin-
son’s disease. Mov Disord. 2011;26(12):2220–5.

 24. Mylius V, Engau I, Teepker M, Stiasny-Kolster K, Schepelmann 
K, Oertel WH, et al. Pain sensitivity and descending inhibition 
of pain in Parkinson’s disease. J Neurol Neurosurg Psychiatry. 
2009;80(1):24–8.

 25. Lim SY, Farrell MJ, Gibson SJ, Helme RD, Lang AE, 
Evans AH. Do dyskinesia and pain share common 



Pain Therapy in Parkinson’s Disease

pathophysiological mechanisms in Parkinson’s disease? Mov 
Disord. 2008;23(12):1689–95.

 26. Brefel-Courbon C, Payoux P, Thalamas C, Ory F, Quelven I, 
Chollet F, et al. Effect of levodopa on pain threshold in Parkin-
son’s disease: a clinical and positron emission tomography study. 
Mov Disord. 2005;20(12):1557–63.

 27. Brefel-Courbon C, Ory-Magne F, Thalamas C, Payoux P, Ras-
col O. Nociceptive brain activation in patients with neuropathic 
pain related to Parkinson’s disease. Parkinsonism Relat Disord. 
2013;19(5):548–52.

 28. Dellapina E, Pellaprat J, Adel D, Llido J, Harroch E, Martini 
JB, et al. Dopaminergic denervation using [(123)I]-FPCIT and 
pain in Parkinson’s disease: a correlation study. J Neural Transm 
(Vienna). 2019;126(3):279–87.

 29. Braak H, Sastre M, Bohl JR, de Vos RA, Del Tredici K. Parkin-
son’s disease: lesions in dorsal horn layer I, involvement of para-
sympathetic and sympathetic pre- and postganglionic neurons. 
Acta Neuropathol. 2007;113(4):421–9.

 30. Nolano M, Provitera V, Estraneo A, Selim MM, Caporaso G, 
Stancanelli A, et al. Sensory deficit in Parkinson’s disease: 
evidence of a cutaneous denervation. Brain. 2008;131(Pt 
7):1903–11.

 31. Mylius V, Kunz M, Hennighausen E, Lautenbacher S, Schepel-
mann K. Effects of ageing on spinal motor and autonomic pain 
responses. Neurosci Lett. 2008;446(2–3):129–32.

 32. Goetz CG, Tilley BC, Shaftman SR, Stebbins GT, Fahn S, 
Martinez-Martin P, et al. Movement disorder society-sponsored 
revision of the Unified Parkinson’s Disease Rating Scale (MDS-
UPDRS): scale presentation and clinimetric testing results. Mov 
Disord. 2008;23(15):2129–70.

 33. Chaudhuri KR, Schrag A, Weintraub D, Rizos A, Rodriguez-
Blazquez C, Mamikonyan E, et al. The movement disorder soci-
ety nonmotor rating scale: initial validation study. Mov Disord. 
2020;35(1):116–33.

 34. Hauser RA, Friedlander J, Zesiewicz TA, Adler CH, Seeberger 
LC, O’Brien CF, et al. A home diary to assess functional status 
in patients with Parkinson’s disease with motor fluctuations and 
dyskinesia. Clin Neuropharmacol. 2000;23(2):75–81.

 35. Chaudhuri KR, Martinez-Martin P, Brown RG, Sethi K, Stoc-
chi F, Odin P, et al. The metric properties of a novel non-motor 
symptoms scale for Parkinson’s disease: results from an interna-
tional pilot study. Mov Disord. 2007;22(13):1901–11.

 36. Chaudhuri KR, Martinez-Martin P, Schapira AH, Stocchi F, Sethi 
K, Odin P, et al. International multicenter pilot study of the first 
comprehensive self-completed nonmotor symptoms question-
naire for Parkinson’s disease: the NMSQuest study. Mov Disord. 
2006;21(7):916–23.

 37. Marques A, Attal N, Bouhassira D, Moisset X, Cantagrel N, 
Rascol O, et al. How to diagnose parkinsonian central pain? Par-
kinsonism Relat Disord. 2019;64:50–3.

 38. Quinn NP, Koller WC, Lang AE, Marsden CD. Painful Parkin-
son’s disease. Lancet. 1986;1(8494):1366–9.

 39. Wasner G, Deuschl G. Pains in Parkinson disease–many syn-
dromes under one umbrella. Nat Rev Neurol. 2012;8(5):284–94.

 40. Mylius V, Ciampi de Andrade D, Cury RG, Teepker M, Ehrt 
U, Eggert KM, et al. Pain in Parkinson’s disease: current con-
cepts and a new diagnostic algorithm. Mov Disord Clin Pract. 
2015;2(4):357–64.

 41. Bouhassira D, Attal N, Alchaar H, Boureau F, Brochet B, 
Bruxelle J, et  al. Comparison of pain syndromes associ-
ated with nervous or somatic lesions and development of a 
new neuropathic pain diagnostic questionnaire (DN4). Pain. 
2005;114(1–2):29–36.

 42. Chaudhuri KR, Rizos A, Trenkwalder C, Rascol O, Pal S, Mar-
tino D, et al. King’s Parkinson’s disease pain scale, the first 

scale for pain in PD: an international validation. Mov Disord. 
2015;30(12):1623–31.

 43. Martinez-Martin P, Rizos AM, Wetmore J, Antonini A, Odin P, 
Pal S, et al. First comprehensive tool for screening pain in Parkin-
son’s disease: the King’s Parkinson’s Disease Pain Questionnaire. 
Eur J Neurol. 2018;25(10):1255–61.

 44. Perez-Lloret S, Ciampide Andrade D, Lyons KE, Rodriguez-
Blazquez C, Chaudhuri KR, Deuschl G, et al. Rating scales for 
pain in Parkinson’s disease: critique and recommendations. Mov 
Disord Clin Pract. 2016;3(6):527–37.

 45. Kunz M, Mylius V, Scharmann S, Schepelman K, Lautenbacher 
S. Influence of dementia on multiple components of pain. Eur J 
Pain. 2009;13(3):317–25.

 46. Treede RD, Jensen TS, Campbell JN, Cruccu G, Dostrovsky 
JO, Griffin JW, et  al. Neuropathic pain: redefinition and a 
grading system for clinical and research purposes. Neurology. 
2008;70(18):1630–5.

 47. Bouhassira D. Neuropathic pain: definition, assessment and epi-
demiology. Rev Neurol (Paris). 2019;175(1–2):16–25.

 48. Terminology of The International Association for the Study of 
Pain (IASP). 2021. https:// www. iasp- pain. org/ Educa tion/ Conte 
nt. aspx? ItemN umber= 1698- Nocip lasti cpain

 49. Sa KN, Moreira L, Baptista AF, Yeng LT, Teixeira MJ, Galhar-
doni R, et al. Prevalence of chronic pain in developing countries: 
systematic review and meta-analysis. Pain Rep. 2019;4(6):e779.

 50. Toth C, Breithaupt K, Ge S, Duan Y, Terris JM, Thiessen A, et al. 
Levodopa, methylmalonic acid, and neuropathy in idiopathic Par-
kinson disease. Ann Neurol. 2010;68(1):28–36.

 51. Hinz A, Brahler E. Normative values for the hospital anxiety and 
depression scale (HADS) in the general German population. J 
Psychosom Res. 2011;71(2):74–8.

 52. Nasreddine ZS, Phillips NA, Bedirian V, Charbonneau S, White-
head V, Collin I, et al. The Montreal Cognitive Assessment, 
MoCA: a brief screening tool for mild cognitive impairment. J 
Am Geriatr Soc. 2005;53(4):695–9.

 53. Warden V, Hurley AC, Volicer L. Development and psychomet-
ric evaluation of the Pain Assessment in Advanced Dementia 
(PAINAD) scale. J Am Med Dir Assoc. 2003;4(1):9–15.

 54. Ehrt U, Larsen JP, Aarsland D. Pain and its relationship to 
depression in Parkinson disease. Am J Geriatr Psychiatry. 
2009;17(4):269–75.

 55. Seppi K, Ray Chaudhuri K, Coelho M, Fox SH, Katzenschlager 
R, Perez Lloret S, et al. Update on treatments for nonmotor 
symptoms of Parkinson’s disease-an evidence-based medicine 
review. Mov Disord. 2019;34(2):180–98.

 56. Trenkwalder C, Chaudhuri KR, Martinez-Martin P, Rascol O, 
Ehret R, Valis M, et al. Prolonged-release oxycodone-naloxone 
for treatment of severe pain in patients with Parkinson’s disease 
(PANDA): a double-blind, randomised, placebo-controlled trial. 
Lancet Neurol. 2015;14(12):1161–70.

 57. Rascol O, Zesiewicz T, Chaudhuri KR, Asgharnejad M, Surmann 
E, Dohin E, et al. A randomized controlled exploratory pilot 
study to evaluate the effect of rotigotine transdermal patch on 
Parkinson’s disease-associated chronic pain. J Clin Pharmacol. 
2016;56(7):852–61.

 58. Nebe A, Ebersbach G. Pain intensity on and off levo-
dopa in patients with Parkinson’s disease. Mov Disord. 
2009;24(8):1233–7.

 59. Stacy MA, Murck H, Kroenke K. Responsiveness of motor 
and nonmotor symptoms of Parkinson disease to dopamin-
ergic therapy. Prog Neuropsychopharmacol Biol Psychiatry. 
2010;34(1):57–61.

 60. Antonini A, Bauer L, Dohin E, Oertel WH, Rascol O, Reich-
mann H, et  al. Effects of rotigotine transdermal patch in 
patients with Parkinson’s disease presenting with non-motor 

https://www.iasp-pain.org/Education/Content.aspx?ItemNumber=1698-Nociplasticpain
https://www.iasp-pain.org/Education/Content.aspx?ItemNumber=1698-Nociplasticpain


 V. Mylius et al.

symptoms—results of a double-blind, randomized, placebo-
controlled trial. Eur J Neurol. 2015;22(10):1400–7.

 61. Trenkwalder C, Kies B, Rudzinska M, Fine J, Nikl J, Honc-
zarenko K, et al. Rotigotine effects on early morning motor 
function and sleep in Parkinson’s disease: a double-blind, ran-
domized, placebo-controlled study (RECOVER). Mov Disord. 
2011;26(1):90–9.

 62. Kassubek J, Chaudhuri KR, Zesiewicz T, Surmann E, Boroojerdi 
B, Moran K, et al. Rotigotine transdermal system and evaluation 
of pain in patients with Parkinson’s disease: a post hoc analysis 
of the RECOVER study. BMC Neurol. 2014;6(14):42.

 63. Barone P, Poewe W, Albrecht S, Debieuvre C, Massey D, Rascol 
O, et al. Pramipexole for the treatment of depressive symptoms 
in patients with Parkinson’s disease: a randomised, double-blind, 
placebo-controlled trial. Lancet Neurol. 2010;9(6):573–80.

 64. Olanow CW, Kieburtz K, Stern M, Watts R, Langston JW, 
Guarnieri M, et al. Double-blind, placebo-controlled study of 
entacapone in levodopa-treated patients with stable Parkinson 
disease. Arch Neurol. 2004;61(10):1563–8.

 65. Muller T, Foley P. Clinical pharmacokinetics and pharmacody-
namics of safinamide. Clin Pharmacokinet. 2017;56(3):251–61.

 66. Borgohain R, Szasz J, Stanzione P, Meshram C, Bhatt M, Chiri-
lineau D, et al. Randomized trial of safinamide add-on to levo-
dopa in Parkinson’s disease with motor fluctuations. Mov Disord. 
2014;29(2):229–37.

 67. Cattaneo C, Barone P, Bonizzoni E, Sardina M. Effects of safina-
mide on pain in fluctuating Parkinson’s disease patients: a post-
hoc analysis. J Parkinsons Dis. 2017;7(1):95–101.

 68. Borgohain R, Szasz J, Stanzione P, Meshram C, Bhatt MH, Chiri-
lineau D, et al. Two-year, randomized, controlled study of safi-
namide as add-on to levodopa in mid to late Parkinson’s disease. 
Mov Disord. 2014;29(10):1273–80.

 69. Cattaneo C, Kulisevsky J, Tubazio V, Castellani P. Long-term 
efficacy of safinamide on Parkinson’s disease chronic pain. Adv 
Ther. 2018;35(4):515–22.

 70. Geroin C, Di Vico IA, Squintani G, Segatti A, Bovi T, Tinazzi M. 
Effects of safinamide on pain in Parkinson’s disease with motor 
fluctuations: an exploratory study. J Neural Transm (Vienna). 
2020;127(8):1143–52.

 71. Abbruzzese G, Kulisevsky J, Bergmans B, Gomez-Esteban 
JC, Kagi G, Raw J, et al. A European observational study to 
evaluate the safety and the effectiveness of safinamide in rou-
tine clinical practice: the SYNAPSES trial. J Parkinsons Dis. 
2021;11(1):187–98.

 72. Kumagai T, Nagayama H, Ota T, Nishiyama Y, Mishina M, 
Ueda M. Sex differences in the pharmacokinetics of levodopa 
in elderly patients with Parkinson disease. Clin Neuropharma-
col. 2014;37(6):173–6.

 73. Noack C, Schroeder C, Heusser K, Lipp A. Cardiovascular 
effects of levodopa in Parkinson’s disease. Parkinsonism Relat 
Disord. 2014;20(8):815–8.

 74. Doi H, Sakakibara R, Sato M, Masaka T, Kishi M, Tateno A, 
et al. Plasma levodopa peak delay and impaired gastric empty-
ing in Parkinson’s disease. J Neurol Sci. 2012;319(1–2):86–8.

 75. Kulisevsky J, Pagonabarraga J. Tolerability and safety of rop-
inirole versus other dopamine agonists and levodopa in the 
treatment of Parkinson’s disease: meta-analysis of randomized 
controlled trials. Drug Saf. 2010;33(2):147–61.

 76. Miyasaki JM. Evidence-based initiation of dopaminergic 
therapy in Parkinson’s disease. J Neurol. 2010;257(Suppl 
2):S309–13.

 77. Knop J, Hoier E, Ebner T, Fromm MF, Muller F. Renal tubular 
secretion of pramipexole. Eur J Pharm Sci. 2015;15(79):73–8.

 78. Cawello W, Fichtner A, Boekens H, Braun M. Influence 
of hepatic impairment on the pharmacokinetics of the 

dopamine agonist rotigotine. Eur J Drug Metab Pharmacokinet. 
2014;39(3):155–63.

 79. Stocchi F, Rascol O, Kieburtz K, Poewe W, Jankovic J, Tolosa 
E, et al. Initiating levodopa/carbidopa therapy with and without 
entacapone in early Parkinson disease: the STRIDE-PD study. 
Ann Neurol. 2010;68(1):18–27.

 80. Van Booven D, Marsh S, McLeod H, Carrillo MW, Sangkuhl K, 
Klein TE, et al. Cytochrome P450 2C9-CYP2C9. Pharmacogenet 
Genomics. 2010;20(4):277–81.

 81. Ferreira JJ, Lees A, Rocha JF, Poewe W, Rascol O, Soares-da-
Silva P, et al. Opicapone as an adjunct to levodopa in patients 
with Parkinson’s disease and end-of-dose motor fluctuations: 
a randomised, double-blind, controlled trial. Lancet Neurol. 
2016;15(2):154–65.

 82. Dezsi L, Vecsei L. Monoamine oxidase B inhibitors in 
Parkinson’s disease. CNS Neurol Disord Drug Targets. 
2017;16(4):425–39.

 83. Panisset M, Chen JJ, Rhyee SH, Conner J, Mathena J, investiga-
tors Ss. Serotonin toxicity association with concomitant antide-
pressants and rasagiline treatment: retrospective study (STAC 
CAT O). Pharmacotherapy. 2014;34(12):1250–8.

 84. Anttila M, Sotaniemi EA, Pelkonen O, Rautio A. Marked effect 
of liver and kidney function on the pharmacokinetics of sele-
giline. Clin Pharmacol Ther. 2005;77(1):54–62.

 85. Oertel W, Eggert K, Pahwa R, Tanner CM, Hauser RA, Trenk-
walder C, et al. Randomized, placebo-controlled trial of ADS-
5102 (amantadine) extended-release capsules for levodopa-
induced dyskinesia in Parkinson’s disease (EASE LID 3). Mov 
Disord. 2017;32(12):1701–9.

 86. Schwartz M, Patel M, Kazzi Z, Morgan B. Cardiotoxicity after 
massive amantadine overdose. J Med Toxicol. 2008;4(3):173–9.

 87. Djaldetti R, Yust-Katz S, Kolianov V, Melamed E, Dabby R. 
The effect of duloxetine on primary pain symptoms in Parkinson 
disease. Clin Neuropharmacol. 2007;30(4):201–5.

 88. Iwaki H, Ando R, Tada S, Nishikawa N, Tsujii T, Yamanishi Y, 
et al. A double-blind, randomized controlled trial of duloxetine 
for pain in Parkinson’s disease. J Neurol Sci. 2020;414:116833.

 89. Buhmann C, Wrobel N, Grashorn W, Fruendt O, Wesemann K, 
Diedrich S, et al. Pain in Parkinson disease: a cross-sectional 
survey of its prevalence, specifics, and therapy. J Neurol. 
2017;264(4):758–69.

 90. Freo U, Furnari M, Ori C. Effects of tapentadol on pain, motor 
symptoms and cognitive functions in Parkinson’s disease. J Pain 
Res. 2018;11:1849–56.

 91. Shohet A, Khlebtovsky A, Roizen N, Roditi Y, Djaldetti R. 
Effect of medical cannabis on thermal quantitative measure-
ments of pain in patients with Parkinson’s disease. Eur J Pain. 
2017;21(3):486–93.

 92. Balash Y, Bar-Lev Schleider L, Korczyn AD, Shabtai H, 
Knaani J, Rosenberg A, et al. Medical Cannabis in Parkinson 
disease: real-life patients’ experience. Clin Neuropharmacol. 
2017;40(6):268–72.

 93. Lotan I, Treves TA, Roditi Y, Djaldetti R. Cannabis (medical 
marijuana) treatment for motor and non-motor symptoms of Par-
kinson disease: an open-label observational study. Clin Neurop-
harmacol. 2014;37(2):41–4.

 94. Chagas MH, Zuardi AW, Tumas V, Pena-Pereira MA, Sobreira 
ET, Bergamaschi MM, et al. Effects of cannabidiol in the treat-
ment of patients with Parkinson’s disease: an exploratory double-
blind trial. J Psychopharmacol. 2014;28(11):1088–98.

 95. Carroll CB, Bain PG, Teare L, Liu X, Joint C, Wroath C, et al. 
Cannabis for dyskinesia in Parkinson disease: a randomized 
double-blind crossover study. Neurology. 2004;63(7):1245–50.

 96. Yenilmez F, Frundt O, Hidding U, Buhmann C. Cannabis 
in Parkinson’s disease: the patients’ view. J Parkinsons Dis. 
2021;11(1):309–21.



Pain Therapy in Parkinson’s Disease

 97. Rieu I, Degos B, Castelnovo G, Vial C, Durand E, Pereira B, 
et al. Incobotulinum toxin A in Parkinson’s disease with foot 
dystonia: a double blind randomized trial. Parkinsonism Relat 
Disord. 2018;46:9–15.

 98. Bruno V, Freitas ME, Mancini D, Lui JP, Miyasaki J, Fox SH. 
Botulinum toxin type A for pain in advanced Parkinson’s disease. 
Can J Neurol Sci. 2018;45(1):23–9.

 99. Goldstein DJ, Lu Y, Detke MJ, Lee TC, Iyengar S. Duloxetine 
vs. placebo in patients with painful diabetic neuropathy. Pain. 
2005;116(1–2):109–18.

 100. Frakes EP, Risser RC, Ball TD, Hochberg MC, Wohlreich MM. 
Duloxetine added to oral nonsteroidal anti-inflammatory drugs 
for treatment of knee pain due to osteoarthritis: results of a ran-
domized, double-blind, placebo-controlled trial. Curr Med Res 
Opin. 2011;27(12):2361–72.

 101. Marcum ZA, Duncan NA, Makris UE. Pharmacotherapies 
in geriatric chronic pain management. Clin Geriatr Med. 
2016;32(4):705–24.

 102. Wehling M. How to use the FORTA (“Fit fOR The Aged”) list 
to improve pharmacotherapy in the elderly. Drug Res (Stuttg). 
2016;66(2):57–62.

 103. Wehling M. Forta—Fit for the Aged. 2021. https:// www. umm. 
uni- heide lberg. de/ klini sche- pharm akolo gie/ forsc hung/ forta- proje 
kt/. Accessed Mar 2021.

 104. Greten S, Muller-Funogea JI, Wegner F, Hoglinger GU, Simon N, 
Junius-Walker U, et al. Drug safety profiles in geriatric patients 
with Parkinson’s disease using the FORTA (Fit fOR The Aged) 
classification: results from a mono-centric retrospective analysis. 
J Neural Transm (Vienna). 2021;128(1):49–60.

 105. Krack P, Volkmann J, Tinkhauser G, Deuschl G. Deep brain 
stimulation in movement disorders: from experimental surgery 
to evidence-based therapy. Mov Disord. 2019;34(12):1795–810.

 106. Cury RG, Galhardoni R, Fonoff ET, Dos Santos Ghilardi MG, 
Fonoff F, Arnaut D, et al. Effects of deep brain stimulation on 
pain and other nonmotor symptoms in Parkinson disease. Neurol-
ogy. 2014;83(16):1403–9.

 107. Cury RG, Galhardoni R, Fonoff ET, Perez Lloret S, Dos Santos 
Ghilardi MG, Barbosa ER, et al. Sensory abnormalities and pain 
in Parkinson disease and its modulation by treatment of motor 
symptoms. Eur J Pain. 2016;20(2):151–65.

 108. Cury RG, Galhardoni R, Teixeira MJ, Dos Santos Ghilardi 
MG, Silva V, Myczkowski ML, et al. Subthalamic deep brain 

stimulation modulates conscious perception of sensory function 
in Parkinson’s disease. Pain. 2016;157(12):2758–65.

 109. Cury RG, Teixeira MJ, Galhardoni R, Silva V, Iglesio R, Franca 
C, et  al. Connectivity patterns of subthalamic stimulation 
influence pain outcomes in Parkinson’s disease. Front Neurol. 
2020;11:9.

 110. Othman AA, Rosebraugh M, Chatamra K, Locke C, Dutta S. 
Levodopa-carbidopa intestinal gel pharmacokinetics: lower 
variability than oral levodopa-carbidopa. J Parkinsons Dis. 
2017;7(2):275–8.

 111. Olanow CW, Kieburtz K, Odin P, Espay AJ, Standaert DG, Fer-
nandez HH, et al. Continuous intrajejunal infusion of levodopa-
carbidopa intestinal gel for patients with advanced Parkinson’s 
disease: a randomised, controlled, double-blind, double-dummy 
study. Lancet Neurol. 2014;13(2):141–9.

 112. Antonini A, Poewe W, Chaudhuri KR, Jech R, Pickut B, Pirtosek 
Z, et al. Levodopa-carbidopa intestinal gel in advanced Parkin-
son’s: final results of the GLORIA registry. Parkinsonism Relat 
Disord. 2017;45:13–20.

 113. Buongiorno M, Antonelli F, Camara A, Puente V, de Fabregues-
Nebot O, Hernandez-Vara J, et al. Long-term response to con-
tinuous duodenal infusion of levodopa/carbidopa gel in patients 
with advanced Parkinson disease: the Barcelona registry. Parkin-
sonism Relat Disord. 2015;21(8):871–6.

 114. Antonini A, Yegin A, Preda C, Bergmann L, Poewe W, investiga-
tors Gs, et al. Global long-term study on motor and non-motor 
symptoms and safety of levodopa-carbidopa intestinal gel in 
routine care of advanced Parkinson’s disease patients; 12-month 
interim outcomes. Parkinsonism Relat Disord. 2015;21(3):231–5.

 115. Morgante F, Oppo V, Fabbri M, Olivola E, Sorbera C, De Micco 
R, et al. Levodopa-carbidopa intrajejunal infusion in Parkinson’s 
disease: untangling the role of age. J Neurol. 2020;268:1728–37.

 116. Nguy V, Barry BK, Moloney N, Hassett LM, Canning CG, Lewis 
SJG, et al. Exercise-induced hypoalgesia is present in people with 
Parkinson’s disease: two observational cross-sectional studies. 
Eur J Pain. 2019;23(7):1329–39.

 117. Reuter I, Mehnert S, Leone P, Kaps M, Oechsner M, Engel-
hardt M. Effects of a flexibility and relaxation programme, walk-
ing, and nordic walking on Parkinson’s disease. J Aging Res. 
2011;2011:232473.

https://www.umm.uni-heidelberg.de/klinische-pharmakologie/forschung/forta-projekt/
https://www.umm.uni-heidelberg.de/klinische-pharmakologie/forschung/forta-projekt/
https://www.umm.uni-heidelberg.de/klinische-pharmakologie/forschung/forta-projekt/

	Diagnosis and Management of Pain in Parkinson’s Disease: A New Approach
	Abstract
	1 Introduction
	2 The Older Parkinson’s Disease (PD) Patient
	3 Prevalence of Pain in PD
	4 Pathophysiology of PD-Related Pain
	5 Diagnosing Pain in PD
	5.1 Pains Related to PD
	5.2 Pains Unrelated to PD
	5.3 Factors Influencing Pain in PD

	6 Treatment of Pain
	6.1 Effects of Dopaminergic Drugs on Pain in PD
	6.1.1 Nociceptive Pain
	6.1.1.1 Levodopa 
	6.1.1.2 Dopamine Agonists 
	6.1.1.3 COMT Inhibitor 
	6.1.1.4 MAO-B Inhibitor 

	6.1.2 Nociplastic Pain
	6.1.3 Neuropathic Pain
	6.1.4 Treatment of PD in Older Adults: General Remarks

	6.2 Treatment of PD-Related Pain with Non-Dopaminergic Drugs
	6.2.1 Nociceptive Pain
	6.2.1.1 NSAIDs 
	6.2.1.2 Oxycodonenaloxone 
	6.2.1.3 Tapentadol 
	6.2.1.4 Cannabinoids 
	6.2.1.5 Botulinum toxin 

	6.2.2 Neuropathic and Nociplastic Pains
	6.2.2.1 Duloxetine 

	6.2.3 Treatment of Pain in Older Adults: General Remarks

	6.3 Invasive Treatments
	6.3.1 Deep Brain Stimulation (DBS)
	6.3.2 Levodopa-Carbidopa Intestinal Gel (LCIG)

	6.4 Physiotherapeutic Interventions

	7 Summary of Recommendations (Fig. 5)
	8 Conclusion
	Acknowledgements 
	References




