
ROMANIAN JOURNAL OF NEUROLOGY – VOLUME VIII, NO. 3, 2009144

REVIEWS

PAIN IN PARKINSON’S DISEASE PATIENTS

Maria-Lucia Muntean, Lacramioara Perju Dumbrava
Neuroscience Department, “Iuliu Hatieganu” University of Medicine and Pharmacy 

Cluj-Napoca, Romania

ABSTRACT
Parkinson’s disease is characterized by motor features, which represent diagnostic criteria and non-motor 
symptoms that have greater signifi cance when assessed by quality-of-life measures. Pain is a part of the 
large spectrum of non-motor symptoms. It can occur in any stage of the disease, even in the premotor-phase. 
Its prevalence varies between 38% and 85%, depending on the study design and inclusion criteria. Pain in 
PD can be classifi ed using different criteria: its relation to PD or depending on the aggravating factors. The 
pathology of pain in PD in not completely clarifi ed, but the basal ganglia seem to play an important role in the 
processing of pain signals. One can assess pain by measuring the pain threshold or by using scales. Treating 
pain in PD patients can be diffi cult and it implies a good management of antiparkinsonian medication, NSAIDs, 
antidepressants, antiepileptic drugs and physical therapy.
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INTRODUCTION 

James Parkinson accurately described the motor 
problems of patients with ‘shaking palsy’, but also 
noted several non-motor features (NMS).(1) The 
motor disorder of Parkinson’s disease has been ex-
tensively researched resulting in improved diag-
nostic accuracy and development of robust rating 
scales and treatment strategies.(2) Despite this em-
phasis on motor symptomatology, several studies 
have shown that the non-motor symptoms of Par-
kinson’s disease, such as depression, psychosis, 
falls, pain, and sleep disturbance, have greater sig-
nifi cance when assessed by quality-of-life mea-
sures, institutionalizations rates, or health econom-
ics.(3) The prevalence of non-motor symptoms as a 
whole is inadequately documented because there 
are insuffi cient adequately powered, community-
based studies on prevalence, effect, and treatment 
effi cacy in relation to non-motor symptoms, and 
there is a need for large and well-designed prospec-
tive studies. Non-motor symptoms correlate with 
advancing age and disease severity, although some 

non-motor symptoms, such as olfactory problems, 
constipation, depression and rapid eye movement 
disorder, can occur early in the disease. PD cannot 
be diagnosed until motor symptoms appear, but 
many patients will in hindsight recall a prodromal 
phase including nonmotor symptoms.

 Out of all the nonmotor symptoms, this paper 
will focus on pain, regarding the pathophysiology, 
clinical features, epidemiology and treatment.

DEFINITION AND CLASSIFICATION OF PAIN IN 
PARKINSON’S DISEASE PATIENTS

Pain is defi ned according to the International 
Association for the Study of Pain (IASP) as un-
pleasant sensory and emotional experiences with 
actual or potential tissue damage or described in 
terms of such damage. (4)

Many patients with idiopathic Parkinson’s dis-
ease (PD) experience pain during the course of their 
disease. Pain can appear in any stage of the disease. 
In some cases it can appear in the premotor phase 
of the disease. (5)
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In a review of pain in PD, Ford concluded that 
while previous studies agreed on the prevalence of 
pain (40%), they disagreed on the proportion of 
pain in each category. Based on this review, Ford 
proposed a framework for the classifi cation of pain 
in PD patients. He described fi ve different catego-
ries of IPD-related pain: musculoskeletal pain due 
to parkinsonian rigidity, rheumatologic disease, or 
skeletal deformity; radicular-neuropathic pain due 
to a root lesion, or focal or peripheral neuropathy; 
dystonic pain related to the timing and dosing of 
antiparkinsonian medication; central or primary 
pain related to timing and dosing of antiparkinso-
nian medication; and akathisia-in an ‘off’ period or 
drug induced. (6)

In 1999, Serratrice and Michel concluded that 
the pathophysiology of pain in PD was complex 
and poorly understood. They classifi ed pain in PD 
under the headings of primary (directly caused by 
PD, such as cramps or paresthesias) and secondary 
pain syndromes (e.g., postural disorders or osteoar-
thritis). Therefore, the pain could be PD-related or 
non-PD-related. (7)

Lee and coworkers published in 2006 a survey 
of pain in PD. Pain was assessed using quantitative 
and qualitative tools. (8) Quantitatively, pain was 
measured using the Palliative Care Assessment 
Tool (PACA), the Wisconsin Brief Pain Inventory 
(BPI) and a 100 mm Visual Analogue Scale (VAS). 
Qualitatively, for each pain, patients were asked 
about the position, radiation, onset, periodicity (i.
e., constant or intermittent), character, associated 
symptoms, precipitating and relieving factors, and 
relationship to antiparkinsonian medication. Anal-
gesic use was also collected according to the WHO 
ladder (Steps 1, 2, and 3 plus adjuvants). (9) After 
these assessments, pain was classifi ed under the 
following headings according to cause:

a) Neuropathic or nociceptive pain 
b) A new general pain classifi cation based on a 

model used in cancer care:
• PD-related pain
• PD treatment-related pain (i.e., PD drugs 

causing pain)

• Pain indirectly related to PD (e.g., pressure 
sores/injury from falls)

• Pain unrelated to PD
• Other/multiple causes
Pain was considered to be PD-related when it 

met certain criteria. These were pains that respond-
ed to PD treatment; pains that were more prominent 
on the side maximally affected by PD and that did 
not have any other clear cause on that side; and 
pains that matched the descriptions given by Ford 
in his classifi cation but could not be attributed to 
any other cause from the medical history.

In the French DoPaMiP Survey (Douleur et mal-
adie de Parkinson en Midi-Pyrenees) chronic pain 
in PD patients was classifi ed as follows: ‘‘non-PD-
pain’’ (pain related to another cause than PD and 
not aggravated by PD) and ‘‘PD-pain’’ (pain that 
was caused or aggravated by PD). In this last cate-
gory, pain was considered to be (1) directly related 
to PD (‘‘PD-Pain direct’’) if it could not be attrib-
uted to any other health problem according to med-
ical history, clinical examination, laboratory test, or 
imaging results, or (2) indirectly related to PD 
(‘‘PD-pain indirect’’) if another diseases caused 
pain (e.g. osteoarthritis) but PD aggravated pain in-
tensity because of rigidity, abnormal posture, or 
movements. (10)

The precise origin of pain and other sensory 
symptoms that occurs in Parkinson’s disease is un-
known. Snider and Sandyk have divided these sen-
sory symptoms into two useful categories: ‘prima-
ry’ and ‘secondary’ symptoms. (10) Primary 
sensory symptoms are assumed to originate some-
where in the peripheral or CNS; secondary sensory 
symptoms are caused by edema, dystonia, vascular 
disorders or muscle cramps and strains. (11,12)

PATHOLOGY OF PAIN IN PD

Some authors consider that the primary pain 
symptoms which accompany Parkinson’s disease 
are not directly related to motor phenomena for 
several reasons. (13) First, in some cases, pain is 
observed contra lateral to the body area with motor 

TABLE 1. Premotor features of Parkinson’s disease (adapted from Tolosa 2007)

Premotor symptoms Related brain structures Braak staging
Smell loss Olfactory bulb; anterior olfactory nucleus 1
Depression Locus coeruleus; raphe nuclei  2
Constipation Dorsal nucleus of the vagus enteric plexus neurons? 1
REM behavior disorder 
Excessive daytime sleepiness Locus coeruleus pedunculopontine nucleus? 2

Other, less well-documented, premotor symptoms: Restless-legs syndrome, anxiety, pain, apathy and fatigue
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signs. (14) Second, complaints of pain can precede 
the diagnosis of Parkinson’s disease: sensory symp-
toms can exist for several years before the usual 
motor symptoms associated with the disorder de-
velop. (14,15,16) Third, the degrees of rigidity, bra-
dykinesia, tremor and posture abnormality are not 
signifi cantly different in Parkinson’s disease pa-
tients with pain symptoms compared to those with-
out pain symptoms. (17) Moreover, in some pa-
tients, there is no correlation between pain and 
tremor or rigidity. (18,19) There is also no correla-
tion between nuchal rigidity and nuchal-occipital 
pain in those Parkinson’s disease patients with 
headache. (20) In contrast to these fi ndings, muscu-
loskeletal pain and dystonia are associated with 
parkinsonian disability (20). Fourth, in a Parkin-
son’s disease patient with bilateral pain in the legs, 
an anesthetic block that rendered the leg muscles 
fl accid did not alleviate the pain. (22) Fifth, motor 
nerve conduction velocities and somatosensory 
evoked potentials are often normal in Parkinson’s 
disease. (13,16) Sixth, while antiparkinsonian med-
ication sometimes relieves both motor and pain 
symptoms, (23) this type of therapy does not al-
ways alleviate pain symptoms and in some cases 
can increase sensory symptoms. (17,23)

Evidence from experimental and clinical studies 
clearly shows that the basal ganglia participate in 
processing nociceptive information. Several roles 
for the basal ganglia in pain sensation are suggested 
by the (1) neuroanatomical connections of basal 
ganglia nuclei, (2) electrophysiological response 
properties of basal ganglia neurons, (3) metabolic 
and blood fl ow changes within the basal ganglia 
following noxious stimulation, (4) altered pain-re-
lated behaviors of animals following lesions, elec-
trical stimulation and pharmacological manipula-
tion of the basal ganglia and lastly, (5) pain 
symptoms that arise after basal ganglia injury. 

First, the basal ganglia are likely to participate 
in the sensory-discriminative aspect of pain by en-
coding the magnitude of noxious stimulation. The 
encoding of noxious stimulus intensity by varying 
neuronal discharge rate may be used to grade the 
speed or intensity of movement in escaping or 
avoiding painful stimuli. Since nociceptive basal 
ganglia neurons do not represent the skin in a dis-
crete topographic fashion (poor spatial localiza-
tion), they are unlike nociceptive neurons in areas 
such as the dorsal horn and primary somatosensory 
cortex which are known to participate in precise lo-
calization of noxious stimuli. 

Second, a role for the basal ganglia in the affec-
tive dimension of pain is probable based on the out-

come of electrical stimulation on affective behav-
iors and the neural connections between the basal 
ganglia and loci associated with emotional behav-
iors. 

Third, clinical and experimental reports of sen-
sory neglect following basal ganglia injury suggest 
that the basal ganglia may have role in the cogni-
tive dimension of pain. This role in pain may in-
volve selective attention which can infl uence coor-
dinated motoric responses to noxious stimuli. 

Fourth, since pharmacological, electrical and 
surgical manipulation of the substantia nigra and 
striatum can affect behavioral and neuronal re-
sponses to noxious stimuli, the basal ganglia may 
also be involved in the modulating nociceptive in-
formation. This modulation most likely occurs 
within the medial thalamus. Fifth, it is possible that 
basal ganglia structures provide a gating mecha-
nism for regulation of nociceptive information to 
higher motor centers. (13)

Other authors noticed that in some patients the 
pathogenesis of pain appears to be related to central 
dopaminergic mechanisms and improves in re-
sponse to dopaminergic medications.

Schestatsky et coworkers performed a psycho-
physical and neurophysiologic study in 9 PD pa-
tients with central pain, 9 patients with PD without 
pain and 9 healthy control subjects using quantita-
tive sensory testing with thermal probes, and re-
corded laser-evoked potentials (LEPs) and laser-in-
duced sudomotor skin responses (l-SSRs) in “off” 
and “on” conditions. They noticed that the conduc-
tion along peripheral and central pain pathways 
was normal in patients with Parkinson disease with 
or without primary central pain. However, their pa-
tients exhibited lack of habituation of sympathetic 
sudomotor responses to repetitive pain stimuli, sug-
gesting an abnormal control of the effects of pain 
inputs on autonomic centers. Abnormalities were 
attenuated by L-dopa, suggesting that the dysfunc-
tion may occur in dopamine-dependent centers 
regulating both autonomic function and inhibitory 
modulation of pain inputs. (24) 

EPIDEMIOLOGY 

Pain prevalence in general population in differ-
ent countries is diffi cult to compare because of dif-
ferent study designs and inclusion criteria. Varia-
tions in pain prevalence in PD have been described 
in the literature, raging from 38 to 85% (6,8). 

The DoPaMiP (Douleur et maladie de Parkinson 
en Midi-Pyrenees) assessed chronic pain preva-
lence in a general PD population. 278 (61.8%) of 
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the 450 parkinsonian patients enrolled in the study 
reported chronic pain. Among the 278 PD patients 
with chronic pain, 167 (60.1%) did so, at least part-
ly, because of PD (PD-pain group). In these, no 
other cause of pain than PD could be identifi ed in 
103 (PD-direct group), whereas PD aggravated a 
pain of other origin in 64 (PD-pain indirect). The 
other 111 PD patients with chronic pain did do be-
cause of another disorder than PD (osteoarthritis in 
88/111) with no infl uence of PD on pain. (10) 

In a survey of pain in PD conducted in UK, the 
authors analyzed 123 patients who reported 285 
different pains, giving a mean of 2.3 pains per pa-
tient (SD=1.27). 70.7% of patients described two 
or more different pains, while 22.8% described four 
or more. Of the 285 pains, 270 (94.7%) were clas-
sifi ed as nociceptive. Only 15 (5.3%) were sugges-
tive of a neuropathic mechanism. The most com-
mon pains were unrelated to PD and were present 
in 64.2% of the patients. The pains that were unre-
lated to PD were most commonly osteoarthritis 
(73.1%), muscular pain (8.3%), trauma (6.2%) and 
visceral pain (5.5%). The 121 pains deemed to be 
PD-related were present in 77 patients (62.6%). 
The majority of these pains were musculoskeletal 
(67%) or dystonic (26.4%). Both PD-related and 
non–PD–related pains coexisted in some cases but 
were clearly differentiated by patients as different 
types of pain. (8)

A study conducted in Germany analyzed the 
prevalence of back pain in PD patients. 101 PD pa-
tients and 132 controls completed the question-
naire. 75 of 101 PD patients (74%) had back pain 
within the last week when compared with 35 of 132 
control patients (27%). Radicular pain was present 
in 38 of 101 PD patients (38%) and in 16 of 132 
controls (16%). Pain was constant in 53% of PD 
patients, but only in 10% of controls (p< 0.0001, 
Fischer exact test). Back pain occurred rarely in 
15%, weekly in 17% and daily in 52% of PD pa-
tients, while pain occurred rarely in 33%, weekly in 
17% and daily in 22% of control patients (p<0.0001, 
chi-square test). (26)

A cross-sectional survey conducted in France in 
2006, estimated the extent of back pain on PD pa-
tients. The study included 104 idiopathic PD and 
100 control patients from the Cardiology and Dia-
betology department. 62 PD patients (59.6%) re-
ported thoracic or lumbar pain. The point preva-
lence of pain (59.6%) was signifi cantly higher than 
that observed in control patients (23%, p< 0.0001). 
The pain was described as chronic by 95.2% of par-
kinsonians and constant by 56.4%. Pain was statis-

tically more chronic (p=0.011) in the PD group than 
in the control group. (27)

A group from Sweden conducted a study in 
which they compared the quality of life and pain 
symptoms in PD patients compared to a matched 
control group. They observed no statistical differ-
ences between duration of pain in patients and con-
trols. 52% of the patients considered that PD had 
caused pain at some time and one third mentioned 
musculoskeletal disorders as a reason for pain. 
(28)

ASSESSING PAIN IN PD

In order to treat pain one has to assess pain and 
to fi nd factors that might infl uence its course and 
progression. One method would be to determine 
the pain threshold. Brefel-Courbon et al hypothe-
sized that the basal ganglia damage and the dopa-
mine defi cit is expected to modify pain perception 
and activity of several areas involved in nocicep-
tion and this may result in the occurrence of pain. 
The aim of their study was to compare the pain 
threshold before and after the administration of le-
vodopa in PD patients who did not experience pain 
and in control subjects. A secondary objective of 
the study was to investigate cerebral activity with 
PET during experimental nociceptive stimulation 
and to assess the effect of levodopa on cerebral ac-
tivity in the two groups of subjects. They included 
nine PD patients and nine healthy controls. Pain 
threshold was assessed using thermal stimulation. 
In the off condition, pain threshold in PD patients 
was signifi cantly lower than in controls (8.0 ± 2.9°C 
vs.-4.4 ±3.8°C; P =0.03) Levodopa (216±50 mg) 
signifi cantly raised pain threshold in PD patients 
(8.0±2.9°C vs. 4.6± 3.0°C; P= 0.007). By contrast 
administration of levodopa (200mg) did not signifi -
cantly change pain threshold in normal subjects 
(4.4 ±3.8°C vs. 3.0 ±2.0°C; P= 0.26). In the on con-
dition, pain thresholds were not signifi cantly differ-
ent between PD and controls (4.6± 3.0°C vs. 3.0 
±2.0°C; P =0.19). This study shows that nocicep-
tive threshold is lower in PD patients without dopa-
minergic drug than in controls and returns to nor-
mal ranges after levodopa administration. Thus, the 
authors conclude that dopaminergic neurodegener-
ation may produce hypersensitivity to pain stimuli 
in several cortical areas. (29)

Vela et al in 2007 examined whether PD patients 
with dyskinesia had a lower pain threshold than 
those without dykinesia or non-PD controls. They 
assessed pressure-pain threshold (PPT) using a 
hand-held pressure algometer. They observed no 
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differences in PPT between controls and PD pa-
tients with or without dyskinesia. The only signifi -
cant difference was that women, whether PD or 
controls, had a lower PPT than men. This was the 
only study at the time to assess pain threshold using 
pressure-pain. (30)

Another study used the nociception fl exion re-
fl ex (RIII) in order to determine pain threshold in 
PD patients. RIII threshold was lower in patients 
with PD than in healthy subjects. This observation 
supports the fact that patients with PD are likely to 
have abnormal pain thresholds, as suggested by 
previous studies. (31)

Pain can also be assessed using scales such as: 
Brief Pain Inventory –short form and VAS scale (0-
no pain; 10-worst pain possible).

Another method to assess pain would be to de-
termine the quality of life, as everyone knows this 
is very much infl uenced by pain. One well-known 
generic self-administered HRQL instrument is the 
Medical Outcomes Study 36-Item Short Form (SF-
36). The PDQ-39 is the most widely used Parkin-
son’s Disease specifi c measure of health status.

TREATMENT OF PAIN IN PD PATIENTS

Pain should be carrefully assessed before any 
treatment is given to the patient in order to deter-
mine its possible ethiology and the degree of noci-
ceptive and neurogenic characteristics. 

Notwithstanding the uncertainties about the type 
of pain and its underlying mechanisms, there is still 
an urgent need for pain relief. The fi rst and most 
evident measure is to maximally reduce motor 
symptoms with anti-parkinsonian medication. (32)

When the pain fl uctuates in parallel with the motor 
changes, this pain may respond to modifi cations in 
anti-parkinsonian therapy, which can be far more ef-
fective than conventional analgesic treatments (33) 

In an article published in 2006 by Lee and co-
workers it is reported that the use of analgetics ac-
cording to the WHO ladder was 58.5% (8) (see 
TABLE 2).

This was the fi rst study to document analgesic 
use, therefore the fi rst to highlight their underused 
in an IPD population. Given the fact that most of 
the pains experienced by the patients in this study 
were intermittent (83.9%) it was not surprising that 
41.5% of the patients were on no analgesics. How-
ever when the authors looked at patients who re-
ported moderate to severe constant pain or pain 
dominating their day, they noticed that 23.3% and 
20% respectively, were on no analgesics. Also, pa-
tients who were older (over 85 years) or cognitively 
impaired were less likely to receive analgesics.

Before embarking on regular conventional anal-
gesics, it is useful to optimize dopaminergic thera-
py and physiotherapy input. Most patients in this 
study managed cramps with physical interventions, 
such as stretches, massage, or mobilizing.

The French study DoPaMiP assessed analgesic 
consumption in PD patients. Almost 50% of the 
parkinsonian patients took at least one analgesic 
during the previous month. The analgesic use was 
lower than that of patients with no-PD pain. This 
lower level of analgesic consumption may refl ex 
the lower frequency with which patients reported 
PD-pain to their physicians, as opposed to non-PD-
Pain. The authors recon that a poor understanding of 
the mechanisms underlying pain raised doubts about 
analgesic effi cacy in this situation, or that other types 
of management, such as dopaminergic drug adjust-
ment, were preferred. (10) (see TABLE 3)

Breffel-Courbon and coworkers published in 
2009 in Pain the largest study concerning chronic 
analgesic drug consumption in PD patients com-
pared to other chronic diseases (diabetes and osteo-
arthritis) and to the general population. 11466 PD 

TABLE 2. Use of analgesics in PD patients (Adapted from Lee et al, 
2006)

WHO Ladder Drug %

Step 1 NSAID
Paracetamol/acetaminophen

12.2
50.4

Step 2 “Weak” opioids
25.2

(most commonly 
codeine)

Step 3 “Strong” opioids 0

Adjuvant analgesic

Anticonvulsants
Antidepressants

Steroids
Muscle relaxants

0.8
8.9
0

0.8
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patients, 11459 diabetics, 11359 patients with os-
teoarthritis and 11200 subjects in the general popu-
lation were included. (34) Diabetic patients were 
considered to have mostly neuropathic pain, while 
patients with osteoarthritis were considered to have 
nociceptive pain. These are the two main types of 
pain in PD patients. Analgesic drug prescription is 
considered a reliable tool for an estimation of prev-
alence of pain. 

The authors noticed that PD patients signifi cant-
ly received more prescription of analgesics than the 
general population (82% versus 77%, p<0.0001) 
and fewer than patients with osteoarthritis (82% 

versus 90%, p< 0.0001). There was no signifi cant 
difference in analgesic drug prescription between 
PD and diabetic patients.

Prescriptions of specifi c analgesics (opiates and 
other analgesics such as acetaminophen) in PD pa-
tients were higher than in the general population, 
similar to diabetics and less important than in pa-
tients suffering from osteoarthritis. Osteoarthritis 
patients were the most important users of NSAIDs. 
Prescriptions of other analgesics (antidepressants 
and antiepileptics) were signifi cantly more ob-
served in PD patients than in all groups of control. 
(34)

TABLE 3. The use of analgesics in PD patients (Adapted from DoPaMiP Survey 2008)
*p<0.005; **p<0.01: PD pain versus non PD-pain 
##p<0.01; ###p<0.001; PD pain versus patients with disorders other than PD and chronic pain

PD-pain (n=167) Non-PD pain 
(n=111)

Patients with disorders 
other than PD and 

chronic pain (n=57)
P value

Any analgesic 50.3% (43-58)**,## 67.6% (59-76) 70.2% (58-82) 0.003
Level I 34.1% (27-41)*,### 48.6% (39-58) 61.4% (49-74) 0.0007
Level II 9.6% (5-14) 15.3% (9-22) 10.5% (3-19) 0.33
Level III 0.6% (0-2) 0 0 -

Co-analgesic 10.8% (6-16) 16.2% (9-23) 15.8% (6-25) 0.36

TABLE 4. Analgesic drug prescription (acute/chronic) (Adapted from Brefel-Courbon, 2009)
*Difference between PD patients and control populations (versus general population, versus Diabetic and versus 
Patients with osteoarthritis) was statistically signifi cant at the level 0.05. Statistics are only presented for class of 
drugs

Variables
Control populations

PD patients 
(n=11466)

General population
(n= 11200)

Diabetics 
(n=11459)

Patients with 
osteoarthritis (n=11329)

Reimbursement of at least one 
prescription of analgesics 81.9 76.6* 81.5 88.9*

Reimbursement of at least one 
prescription of analgesics by class 
Opiates 38.8 32.2* 37.4 43.0*
Tramadol 13.3 9.6 12.1 14.0
Dextropropoxyphene 28.9 25.0 28.6 33.4
Morphine 2.1 1.4 1.6 1.1
Codeine 4.3 3.3 4.5 4.5
Fentanyl 2.6 1.1 1.4 0.9
Other analgesics 65.8 61.4* 66.9 70.2*
Acetaminophen 64.2 59.0 64.7 68.1
Antiepileptics 14.9 6.0* 7.0* 6.2*
Gabapentine 2.9 1.5 2.1 1.3
Clonazepam 10.3 3.7 4.6 4.4
Carbamazepine 0.9 0.7 0.6 0.6
Antidepressants 6.6 2.8* 3.0* 2.9*
Amitriptyline 4.5 2.1 2.3 2.3
Clomipramine 2.2 0.8 0.7 0.6
NSAIDs 34.0 36.2* 36.4* 52.4*
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After all these studies, one still wonders what 
the outcome of using analgesics in PD is. Unfortu-
nately, no controlled trial has been reported on this 
subject. This is the case, even though most neurolo-
gists consider it diffi cult to treat pain associated 
with PD.

In conclusion Parkinson’s disease should be 
considered as a painful disease, but still many ques-
tions about the origin and treatment of pain remain 
to be answered in future studies.
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