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Abstract 

Background: Multiple sclerosis (MS) is an autoimmune 

inflammatory disease that affects the central nervous 

system. Except tremor, other movement disorders such as 

Parkinsonism are less frequent in MS. However, some 

investigations have shown inflammatory and autoimmune 

aspects of Parkinson’s disease. In this study, we report eight 

new cases of MS who present Parkinson’s disease. 

Methods: This retrospective population-based study was 

carried out on Isfahan MS society between April 2003 and 

July 2012. A total of 3792 patients with MS were surveyed 

for Parkinson’s disease. Parkinson’s disease was approved 

according to “UK Parkinson disease Brain Bank” criteria. 

Eligible cases were invited to have an interview with a 

neurologist. MRI was carried out according to the baseline. 

Results: We identified eight patients (three men and five 

women) who present MS and Parkinson’s disease. The 

mean (±SD) age of onset was 33.3 ± 6.5 (range: 24–42) 

years for MS and 39.5 ± 8.6 (range: 30–55) years for 

Parkinson’s disease patients. In all patients, MS was 

preceded Parkinson’s disease. Parkinson’s disease was 

developed within mean duration of 6.1 ± 3.4 (range 2–13) 

years after MS. Focal lesions was shown in six cases, 

lesions of basal ganglia (BG) in four, lesions of the 

thalamus in two and lesions of mid-brain in five of cases. 

In four cases, Parkinsonism occurred before age 40 that is 

considered as Young-Onset Parkinson’s disease. 

Conclusion: We reported eight patients with MS and 

Parkinson’s disease. To the best of our knowledge, 34 

cases of Parkinsonism associating with MS are reported so 

far. Parkinsonism is a movement disorder, defines as deep 

gray matter disorder which lead to dopamine deficiency 

in BG. Investigations have shown that MS could affect 

deep gray matter structures. Demyelinated lesions in MS 

and consequence axonal loss in BG and/or nigrostriatal 

pathway may be responsible for Parkinsonism 

manifestations in such cases. 

Introduction 

Multiple sclerosis (MS) is an autoimmune 
inflammatory disease, which commonly affects the 
central nervous system (CNS). MS has a wide range of 
manifestations, depending on the location of lesions. 
Although tremor is one of the frequent symptoms, 
other movement disorders are uncommon in patients 
with MS (accounts only in 1.6% of patients).1 
Parkinsonism is a movement disorder with variable 
etiologies, defined as deep gray matter disarrange, 
caused by destruction of neurons in the substantia 
nigra (SN), which lead to dopamine deficiency in 
basal ganglia (BG). One of the most frequent reasons 
of Parkinsonism is Parkinson disease (PD), which 
occurs in almost 80% of cases with Parkinsonim.2 
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Some studies have suggested that inflammation and 
crossing of immune cells to the CNS may play a role in 
Parkinson’s disease.3 On the other hand, it was thought 
that MS is a disease of white matter. Now-a-days, due 
to advances in medical imaging, presence of lesions in 
cortical and subcortical gray matter has been proved.4 
Number of reported cases with both MS and 
Parkinsonism is limited until now. It still remains 
unclear whether there is a “cause and effect” 
relationship between MS and Parkinsonism or they are 
just different disorders with different pathogenesis that 
randomly occur in an individual. In this research, we 
report eight new PD cases and review previous reports 
of both MS and Parkinsonism associated patients. 

Materials and Methods 

This retrospective based-population study has been 
performed in Isfahan MS Society (IMSS) between 
April 2003 and July 2012. Isfahan is one of the 
metropolises of Iran. The recorded data of 3972 
patients with definite MS - according to 2005 
McDonald revised criteria5 - was available in the 
medical records of this society. Demographic and 
clinical features of these patients are available in 
another previous report.6  

IMSS is the most major center includes 
approximately all of the MS patients of the province. 
To benefit from the remedial, consulting, and 
supporting services, MS patients must register in this 
society. Furthermore, it is requested from all the 
neurologists in Isfahan to refer their new detected MS 
cases to IMSS. However, we cannot ignore the 
possibility of few patients who prefer to private care 
and do not register in this society. Complete 
demographic data, family history, clinical, and 
medication history of MS patients are recorded in 
IMSS. According to the standardized MRI protocol for 
MS, MRI is carried out for patients.7  

MRI of patient’s in this society has been performed 
in these special times: initially when a patient is 
suspicious for MS, if the disease becomes worse in an 
unexpected manner, and if there are some 
manifestations, which lead us to another diagnosis. 
The MRI reports include the number and location of 
T2-hyperintense and T1-hypointense lesions and 
atrophies. We searched for patients with 
manifestations of PD from definite MS cases in IMSS 
and found eligible cases. Then, we invited these 
patients to have an interview with a neurologist. 
Subjects were provided with explanations about the 
details of the study protocol and written informed 
consent was obtained. Their PD was readmitted by an 
experienced neurologist (ME) and needed clinical 
information of these patients has been revised. 
Diagnosis of PD was established on the existence of 

bradykinesia, rigidity, resting tremor, postural 
instability and increasing in severity of disorder and 
also given the unilateral or asymmetrical nature of 
symptoms, for 10 years or more (according to “UK 
PD Brain Bank” criteria).8 We also used this criteria 
to differentiate and exclude PD patients from 
Parkinson plus and secondary Parkinsonism ones. 
This study was approved by our local Ethics 
Committee. Furthermore, the occurrence of PD 
before the age of 40 is considered as Young-onset 
Parkinson disease (YOPD).9 

Results 

In this study, we identified eight MS patients (five 
women and three men) presented with the symptoms 
of PD. Demographic and clinical details of patients are 
summarized in table 1. The mean (±SD) age of onset 
was 33.3 ± 6.5 (females: 32.6 ± 7, males: 34.6 ± 6.8) with 
the range of 24–42 years for MS and 39.5 ± 8.6 
(females: 39.8 ± 9.9, males: 39 ± 7.8) with the range:  
30–55 years for PD patients. In all cases, MS was 
preceded PD. The mean of expanded disability status 
scale (EDSS), which obtained after administrations of 
drugs was 4.6 ± 0.8. PD was developed within mean 
duration of 6.1 ± 3.4 (range 2–13) years after MS. None 
of the patients had a family history of MS and PD. The 
clinical MS course of all cases was secondary 
progressive (SP). The mean of MS relapse rate (RR) 
before developing PD was 3.6 ± 1.3, where these 
relapses occurred in average 6.1 ± 3.4 years (RR/years: 
0.7). The mean of MS relapse rate after developing PD 
was 0.7 ± 0.7 which occurred in average 4.8 ± 3.7 years 
(RR/years: 0.3). In four cases, (1, 4–6) PD occurred as 
YOPD. According to MRI findings, strategically located 
lesions was observed in six cases (1, 2, 4–6, 8), lesions of 
BG in four cases (2, 4–6), lesions of the thalamus in two 
cases (1, 2), and lesions of midbrain in five cases. 

Discussion 

PD is an age-related disorder; defined by deep gray 
matter abnormality. Malfunction in the motor loop of 
the BG loop leads to Parkinsonism. Motor circuit 
includes SN, neostriatum, subthalamic nucleus, globus 
pallidus, and motor nuclei of thalamus (mostly ventral 
anterior and ventrolateral nuclei).10 Lesions of the BG 
could cause Parkinsonism manifestations.11 Studies 
have shown that impairment of the blood–brain barrier, 
infiltration of the peripheral immune within this barrier 
and finally, inflammation in the CNS have important 
roles in PD pathogenesis,3 similar to what happens in 
MS. One of the supporting evidences implying on this 
claim is the reduction of PD developing risk in 
individuals who are taking anti-inflammation drugs.12 
Notably, some studies suggest peripheral immune cells 
are responsible for progressive feature of this disorder.13 
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Table 1. Demographic and clinical findings of patients with MS and PD 
Case 1 2 3 4 5 6 7 8 
Sex Male Female Male Female Female Female Male Female 

Age of the 
patient 

32 60 49 41 41 42 45 45 

Age of onset 
(MS) 

27 42 40 31 29 24 37 37 

Age of onset 
(PD) 

30 55 44 39 31 31 43 43 

Initial 
presentation 
(MS) 

Ataxia 
Ataxia, leg 
weakness 

Leg 
weakness 

Facial palsy Ataxia Visual loss 
Diplopic, 
vertigo 

Ataxia 

MS 
manifestations 
(during course 
of the disease) 

Spasticity, 
epilepsy 

Spasticity Spasticity 
Nystagmus, 

epilepsy 
Epilepsy Epilepsy 

Spasticity, 
nystagmus 

Spasticity, 
seizure 

RR before PD 2 3 4 3 3 5 3 6 

RR after PD 0 1 1 1 0 0 1 2 

PD 
symptoms 

Resting 
tremor, 
rigidity, 

bradykinesia 

Rigidity, 
bradykinesia, 

amnesia 

Cervical 
dystonia, 
rigidity, 

bradykinesia 

Rigidity, 
bradykinesia, 

dementia 

Cervical 
dystonia, 
rigidity, 

bradykinesia, 
dementia 

Cervical 
dystonia, 
rigidity, 

bradykinesia, 
dementia 

Resting 
tremor, 
rigidity, 

bradykinesia 

Resting 
tremor, 
rigidity, 

bradykinesia, 
dementia 

MRI findings 
PV, MD, 

TH 

PV, C, JC, 
TH, BG, 
atrophy 

PV, atrophy 
PV, C, JC, 
MD, BG 

PV, BG, JC, 
C, MD 

PV, BG, 
CC, C, MD 

PV, JC PV, JC, MD 

Drugs 
Levodopa, 
imuran, 

amantadine 

Levodopa, 
methotrexate, 
amantadine 

Levodopa, 
methotrexate, 
amantadine 

Levodopa, 
methotrexate, 
amantadine 

Levodopa, 
imuran, 

amantadine, 
betaferon 

Levodopa, 
amantadine, 
selegiline 

Levodopa, 
methotrexate, 
amantadine 

Levodopa, 
amantadine 

Last EDSS 4.5 5 5 5.5 4 6 3.5 4 
PV: Periventricular; C: Cortex; CC: Cerebellar cortex; MD: Midbrain; JC: Juxtacortical; TH: Thalamus; BG: Basal ganglia; BS: Brain stem; RR: Relapse 
rate; EDSS: Expanded disability status scale; MS: Multiple sclerosis; PD: Parkinson disease; MRI: Magnetic resonance imaging 

 
MS formerly was supposed as a white matter 

demyelinating disease because of difficulty of gray 
matter imaging. Now-a-days, it has been proved that 
due to the existence of myelinated fibers in gray 
matter, MS can affect cortical/subcortical gray 
matter; especially in chronic phases of the disease. 
Furthermore, low contrast between demyelination 
areas and normal tissues because of low density of 
myelin in gray matter lead to the existence of 
invisible lesions, which cannot relieve with usual 
MRI in most cases. More sensitive MRI methods 
(double inversion recovery) show gray matter lesions 
five times more than common conventional MRI 
method. However, almost 80% of gray matter lesions 
detected by microscopic examinations cannot be 
observed either by this technique. Studies 
demonstrated that gray matter lesions are common 
in all clinical courses of MS. Furthermore in some 
cases, gray matter lesions are formed earlier than 
white matter ones.4 

In our study, six cases have symptomatic lesions 
and seven (1, 3-8) showed Parkinsonism signs before 
the age of 50. PD is diagnosed rarely in individuals 

under 50-year old.9 In four cases, (4–6, 8) Dementia 
was seen at the process of PD. Although dementia is 
rare in MS, it is a common feature of PD.14,15 The 
clinical MS course of all cases was SP while the 
prevalence of SP type is only 6.4% among MS 
patients in Isfahan.6 We assume at least in six of 
them probably there is a causal relationship due to 
the existence of symptomatic lesions. However, this 
possibility should also be considered that there had 
been some previous resolved lesion in a strategic 
location that could not be detected by MRI at the 
time of study. The mean EDSS obtained after drug 
administration was 4.6 ± 0.8. When compared with 
the mean of MS patients EDSS (2.7 ± 1.8) in Isfahan, it 
is higher.6 Great number of EDSS among our cases 
and in previous reports could be related to 
progressive type of MS (primary progressive 
[PP]/SP) or maybe due to postural instability and 
ambulatory difficulty, which is one of Parkinsonism 
symptoms. Of great importance, disability in MS is 
relatively correlated with gray matter in compare 
with white matter.4 Therefore, the more destruction 
in gray matter results a significant rise in EDSS 
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number. SPMS begins as RRMS; however, after a 
while it turns into SP. Thus, in the early stage of 
disease, amount of attacks are greater. 
Unfortunately, we did not have the follow-up of the 
patients associated with their responses to 
corticosteroids and levodopa. In addition, lack of 
genetic experiments and not using complimentary 
neuroimaging methods [dopamine transporters 
(DaT) scan and positron emission tomography scan] 
are other limitations of our study. 

To the best of our knowledge, 34 cases with 
simultaneity of MS and Parkinsonism have been 
reported until now (Table 2).16-35 Details of each case 
are shown in table 2. It is not clear whether there is a 
causal relationship between MS and PD or not. There 
is a probability that MS plaques can affect BG or other 
structures having an important role in nigrostriatal 
pathway and lead to dysfunction of extrapyramidal 
pathway and cause Parkinsonism.36,37 

Sadnicka et al. focused on genetic aspects of the 
relation between MS and PD by reporting a patient 
having these two disorders with a heterozygous 
mutation in parkin gene.27 Mutation of the gene called 
“parkin” is associated with PD. Furthermore, 
expression of this gene increases in acute plaques of 
MS.38 PINK1 also has the same features.  

Wilhelmus et al. showed marked astrocytic PINK1 
immunostaining in demyelination lesions of MS and 
suggested that PINK1 is associating in limiting of 
cellular injury as a protective factor.39 Another 
supporting evidence for this relationship is the genetic 
variability of HLA-DRB5 which has a role in 
inflammatory aspects of both MS and PD.40 

Despite the existence of symptomatic 
demyelination lesions in some cases (15, 17), in order 
to previous reports, the focal lesions can cause 
levodopa-responsive and levodopa-induced only in 
little cases.41 Therefore, it is possible that these lesions 
are not associated with the emergence of 
Parkinsonism (2). Although Parkinsonism occurs 
rarely among MS patients, appearing BG and 
thalamus lesions is a common phenomenon in the 
MRI of MS patients.36 This is in keeping with reports 
that implies on weak relationship between locations of 
lesions and clinical manifestations.42 Due to this, 
probably lesions in BG may not play a role in 
appearance of Parkinsonism. Based on the above 
description, 13 cases seems to have two coincidental 
disease rather than two related disease (3, 4, 8, 9,  

15-17, 19, 21–23, 25, 27). In some cases, (16, 17) 
Parkinsonism occurred when MRI of patients were 
normal and they do not have any signs of MS 
abnormalities. After a while, since clinical 
manifestations of PD have been developed, MS 
manifestations appeared. Although, after initiation of 
MS, symptomatic lesions appeared, these lesions 
cannot be considered as a cause of Parkinsonism. In 
the most likely state, MS lesions may be responsible 
for rapid aggravation of PD.20 In case 15, first 
manifestation of PD starts a long time after the onset 
of MS, at the age of 51. Forasmuch as PD is an age-
related disease which its incidence increases markedly 
with aging, maybe PD occurred as its routine 
pathogenesis. The window time between initiation of 
neurons degeneration and presenting the first 
manifestation of PD is not clear yet. Some realizations 
suggest that long time (several decades) is needed; 
while some others say 5 years or less. 

Conclusion 

Although concomitancy of MS and PD were 

suggested because of casual relationship or as an 

accident, limited studies on this issue do not support 

the accidental occurrence of MS and PD. Cases which 

were reported until now represent both casual and 

accidental aspect. Moreover, the exact etiology of MS 

and PD still remains unclear and put more weight for 

difficulty of explanation and results in controversial 

hypothesizes. Further pathophysiological studies are 

needed to clarify different aspects. 
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Table 2. Cases with simultaneity of MS and Parkinsonism 

Author, year Case Sex 
Family 

history (PD 
and MS) 

MS 
type 

MRI 
lesions*  

DaT scan 
findings 

Last 
EDSS 

Corticosteroid 
response 

Levodopa 
response 

Fog and 
Linnemann.34 

1 Female UN UN UN UN UN UN UN 
2 Female UN UN UN UN UN UN UN 

 
Mao et al.19 3 Female UN UN - UN UN - + 

4 Female - UN - UN UN - + 
          

Vieregge et al.33 
5 Male - UN Near lat TH 

and GP UN UN + UN 

6 Female - UN Near lat TH 
and LF UN UN + - 

          

Tranchant et al.31 

7 Female UN UN CP near SN UN UN UN UN; two of 
these three cases 

had positive 
response of 
levodopa 

8 Male UN UN - UN UN UN 

9 Male UN UN - UN UN UN 

          
Maranhao et al.18 10 Male UN UN CP, TH, GP UN UN UN UN 
          
Burn and 
Cartlidge.25 11 Female UN UN - UN UN + - 

          
Federlein.22 12 Male UN UN Near SN UN UN + UN 
          
Wittstock et al.35 13 Female UN UN SN UN UN + + 
          
Folgar et al.21 14 Female - RR -a UN UN + UN 
          

Ozturk et al.16 15 Female - RR 
MS 

including 
SN 

UN UN UN + 

          

Kreisler et al.20 16 Female + (PD and 
MS) UN SN UN UN - + 

          

Valkovic et al.30 17 Male - UN 
Sub 

thalamic 
region 

Abnormal UN UN + 

          

Barun et al.26 18 Female UN RR - Abnormal UN + 

+ 
(simultaneously 

with 
corticosteroid) 

19 Female UN RR - Abnormal UN UN + 
          

Nociti et al.26 
20 Female UN SP TH, BG UN UN - UN 
21 Male UN RR - UN UN - UN 
22 Female UN RR - UN UN - + 

          
Delgado et al.23 23 Female UN PP - UN 8.5 - - 
          
Saidha et al.29 24 Male UN UN SN, GP, TH UN UN + - 
          
Damasio et al.24 25 Female - RR - Abnormal UN - + 
          
Schultheiss et al.28 26 Male UN PP BG UN 6.5 - - 
          
Sadnicka et al.27 27 Male - PP - Abnormal UN - + 
          

Pedemonte et al.32 

28 Female UN RR UN Abnormal 3 UN + 
29 Female UN RR UN Abnormal 6 UN + 
30 Female UN SP UN Abnormal 6.5 UN + 
31 Female UN SP UN UN 7 UN + 
32 Female UN PP UN UN 5.5 UN + 
33 Male UN RR UN UN 5 UN + 
34 Female UN PP UN Abnormal 6.6 UN + 

GP: Globus pallidus; SP: Secondary progressive; PP: Primary progressive; RR: Relapse rate; EDSS: Expanded disability status scale; MRI: Magnetic 
resonance imaging; PD: Parkinson disease; SN: Substantia nigra; MS: Multiple sclerosis; CP: Cerebral peduncles; TH: Thalamus; BG: Basal ganglia; 
UN: Unknown, not tried, not used, not mentioned or unclear details. *Only lesions that may have been related to Parkinsonism signs; not all lesions. 
aLast scan was performed before Parkinsonism manifestations 
 



 

 
Parkinsonism associated with multiple sclerosis Iran J Neurol 2014; 13(2) 93 

 
http://ijnl.tums.ac.ir      3 April 

References 

1. Mehanna R, Jankovic J. Movement 
disorders in multiple sclerosis and other 
demyelinating diseases. J Neurol Sci 2013; 
328(1-2): 1-8. 

2. Dauer W, Przedborski S. Parkinson's 
disease: mechanisms and models. Neuron 
2003; 39(6): 889-909. 

3. Chung YC, Ko HW, Bok E, Park ES, Huh 
SH, Nam JH, et al. The role of 
neuroinflammation on the pathogenesis of 
Parkinson's disease. BMB Rep 2010; 43(4): 
225-32. 

4. Geurts JJ, Calabrese M, Fisher E, Rudick 
RA. Measurement and clinical effect of grey 
matter pathology in multiple sclerosis. 
Lancet Neurol 2012; 11(12): 1082-92. 

5. Polman CH, Reingold SC, Banwell B, 
Clanet M, Cohen JA, Filippi M, et al. 
Diagnostic criteria for multiple sclerosis: 
2010 revisions to the McDonald criteria. 
Ann Neurol 2011; 69(2): 292-302. 

6. Saadatnia M, Etemadifar M, Maghzi AH. 
Multiple sclerosis in Isfahan, Iran. Int Rev 
Neurobiol 2007; 79: 357-75. 

7. Simon JH, Li D, Traboulsee A, Coyle PK, 
Arnold DL, Barkhof F, et al. Standardized 
MR imaging protocol for multiple sclerosis: 
Consortium of MS Centers consensus 
guidelines. AJNR Am J Neuroradiol 2006; 
27(2): 455-61. 

8. Hughes AJ, Daniel SE, Kilford L, Lees AJ. 
Accuracy of clinical diagnosis of idiopathic 
Parkinson's disease: a clinico-pathological 
study of 100 cases. J Neurol Neurosurg 
Psychiatry 1992; 55(3): 181-4. 

9. de Lau LM, Breteler MM. Epidemiology of 
Parkinson's disease. Lancet Neurol 2006; 
5(6): 525-35. 

10. Galvan A, Wichmann T. Pathophysiology 
of parkinsonism. Clin Neurophysiol 2008; 
119(7): 1459-74. 

11. Herrero MT, Barcia C, Navarro JM. 
Functional anatomy of thalamus and basal 
ganglia. Childs Nerv Syst 2002; 18(8):  
386-404. 

12. Chen H, Zhang SM, Hernan MA, 
Schwarzschild MA, Willett WC, Colditz 
GA, et al. Nonsteroidal anti-inflammatory 
drugs and the risk of Parkinson disease. 
Arch Neurol 2003; 60(8): 1059-64. 

13. Monahan AJ, Warren M, Carvey PM. 
Neuroinflammation and peripheral immune 
infiltration in Parkinson's disease: an 
autoimmune hypothesis. Cell Transplant 
2008; 17(4): 363-72. 

14. Chiaravalloti ND, DeLuca J. Cognitive 
impairment in multiple sclerosis. Lancet 
Neurol 2008; 7(12): 1139-51. 

15. Aarsland D, Kurz MW. The epidemiology 
of dementia associated with Parkinson 
disease. J Neurol Sci 2010; 289(1-2): 18-22. 

16. Ozturk V, Idiman E, Sengun IS, Yuksel Z. 
Multiple sclerosis and parkinsonism: a case 
report. Funct Neurol 2002; 17(3): 145-7. 

17. Nociti V, Bentivoglio AR, Frisullo G, 
Fasano A, Soleti F, Iorio R, et al. Movement 
disorders in multiple sclerosis: Causal or 
coincidental association? Mult Scler 2008; 
14(9): 1284-7. 

18. Maranhao-Filho PA, Moraes FL, Camara 
LS, Salema CC. Fulminant form of multiple 
sclerosis simulating brain tumor: a case with 
parkinsonian features and pathologic study. 
Arq Neuropsiquiatr 1995; 53(3-A): 503-8. 

19. Mao CC, Gancher ST, Herndon RM. 
Movement disorders in multiple sclerosis. 
Mov Disord 1988; 3(2): 109-16. 

20. Kreisler A, Stankoff B, Ribeiro MJ, Agid Y, 
Lubetzki C, Fontaine B. Unexpected 
aggravation of Parkinson's disease by a 
mesencephalic multiple sclerosis lesion. J 
Neurol 2004; 251(12): 1526-7. 

21. Folgar S, Gatto EM, Raina G, Micheli F. 
Parkinsonism as a manifestation of multiple 
sclerosis. Mov Disord 2003; 18(1): 108-10. 

22. Federlein J, Postert T, Allgeier A, 
Hoffmann V, Pohlau D, Przuntek H. 
Remitting parkinsonism as a symptom of 
multiple sclerosis and the associated 
magnetic resonance imaging findings. Mov 
Disord 1997; 12(6): 1090-1. 

23. Delgado S, Baez S, Singer C, Sengun C, 
Sheremata WA, Papapetropoulos S. 
Parkinsonism/dystonia syndrome secondary 
to multiple sclerosis with anti-basal-ganglia 
antibodies. Mov Disord 2009; 24(2):  
309-11. 

24. Damasio J, Ramos C, Valdemar L, da Silva 
AM, Magalhaes M. A coincidental case of 
young-onset Parkinson disease and multiple 
sclerosis. Neurologist 2011; 17(5): 286-8. 

25. Burn DJ, Cartlidge NE. A case of 
parkinsonism associated with multiple 
sclerosis. Mov Disord 1996; 11(4): 460-1. 

26. Barun B, Brinar VV, Zadro I, Lusic I, 
Radovic D, Habek M. Parkinsonism and 
multiple sclerosis--is there association? Clin 
Neurol Neurosurg 2008; 110(9): 958-61. 

27. Sadnicka A, Sheerin UM, Kaplan C, Molloy 
S, Muraro PA. Primary progressive multiple 
sclerosis developing in the context of young 
onset Parkinson's disease. Mult Scler 2013; 
19(1): 123-5. 

28. Schultheiss T, Reichmann H, Ziemssen T. 
Rapidly progressive course of very late 
onset multiple sclerosis presenting with 
Parkinsonism: case report. Mult Scler 2011; 
17(2): 245-9. 

29. Saidha S, Mok TH, Butler M, Fanning N, 
Harrington H. Multiple sclerosis 
exceptionally presenting as parkinsonism 
responds to intravenous methylprednisolone. 

J Clin Neurosci 2010; 17(5):  
654-5. 

30. Valkovic P, Krastev G, Mako M, Leitner P, 
Gasser T. A unique case of coincidence of 
early onset Parkinson's disease and multiple 
sclerosis. Mov Disord 2007; 22(15): 2278-81. 

31. Tranchant C, Bhatia KP, Marsden CD. 
Movement disorders in multiple sclerosis. 
Mov Disord 1995; 10(4): 418-23. 

32. Pedemonte E, Trabucco E, Cella M, Solaro 
C. Parkinsonism in multiple sclerosis 
patients: a casual or causal association? 
Parkinsonism Relat Disord 2013; 19(4): 
492-3. 

33. Vieregge P, Klostermann W, Bruckmann H. 
Parkinsonism in multiple sclerosis. Mov 
Disord 1992; 7(4): 380-2. 

34. Fog T, Linnemann F. The course of multiple 
sclerosis in 73 cases with computer-
designed curves. Acta Neurol Scand Suppl 
1970; 47: 3-175. 

35. Wittstock M, Zettl UK, Grossmann A, 
Benecke R, Dressler D. Multiple sclerosis 
presenting with parkinsonism. Parkinsonism 
Relat Disord 2001; 7(Suple 1): s104. 

36. Zivadinov R, Cox JL. Neuroimaging in 
multiple sclerosis. Int Rev Neurobiol 2007; 
79: 449-74. 

37. Kamphorst W, Ravid R. Movement 
disorders with multiple sclerosis. Mov 
Disord 1997; 12(5): 818. 

38. Witte ME, Bol JG, Gerritsen WH, van der 
Valk P, Drukarch B, van Horssen J, et al. 
Parkinson's disease-associated parkin 
colocalizes with Alzheimer's disease and 
multiple sclerosis brain lesions. Neurobiol 
Dis 2009; 36(3): 445-52. 

39. Wilhelmus MM, van der Pol SM, Jansen Q, 
Witte ME, van der Valk P, Rozemuller AJ, 
et al. Association of Parkinson disease-
related protein PINK1 with Alzheimer 
disease and multiple sclerosis brain lesions. 
Free Radic Biol Med 2011; 50(3): 469-76. 

40. Nalls MA, Plagnol V, Hernandez DG, 
Sharma M, Sheerin UM, Saad M, et al. 
Imputation of sequence variants for 
identification of genetic risks for 
Parkinson's disease: a meta-analysis of 
genome-wide association studies. Lancet 
2011; 377(9766): 641-9. 

41. Ruzicka E, Urgosik D, Jech R, Roth J, 
Vymazal J, Mecir P, et al. 
Hemiparkinsonism and levodopa-induced 
dyskinesias after focal nigral lesion. Mov 
Disord 2005; 20(6): 759-62. 

42. Jacobs L, Kinkel WR, Polachini I, Kinkel 
RP. Correlations of nuclear magnetic 
resonance imaging, computerized 
tomography, and clinical profiles in 
multiple sclerosis. Neurology 1986; 36(1): 
27-34. 

 


