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RESUMO 

Lapa, JDS. Estudo prospectivo aleatorizado para avaliar a eficácia e a 
segurança da estimulação magnética da medula espinhal na dor nociceptiva 
em pacientes com doença de Parkinson [tese]. São Paulo: Faculdade de 
Medicina, Universidade de São Paulo; 2023. 

Introdução: a dor nociceptiva é o tipo mais comum de dor na doença de 
Parkinson (DP). Afeta negativamente a qualidade de vida dos pacientes e 
atualmente não há tratamento baseado em evidência para o seu controle. A 
estimulação medular tipo burst tem sido usada para controlar a dor 
neuropática e, recentemente, demonstrou aliviar também a dor nociceptiva. 
Neste estudo, hipotetizou-se que a estimulação magnética transespinhal tipo 
burst (bTsMS) reduziria a dor nociceptiva na DP. Método: vinte e seis 
pacientes foram incluídos em um estudo duplamente encoberto, 
aleatorizado, em grupos paralelos, sham-controlado, e o efeito analgésico do 
bTsMS cervical inferior foi avaliado em pacientes com dor nociceptiva e DP 
(NCT04546529). Cinco sessões diárias de indução na primeira semana 
foram seguidas por duas sessões semanais de manutenção realizadas 
durante mais 7 semanas. O desfecho primário foi o número de 
respondedores (≥ 50% de redução da intensidade de dor média nas últimas 
24h avaliada em uma escala numérica variando entre 0-10) durante as 8 
semanas de tratamento. Sintomas de humor, qualidade de vida, impressão 
global de mudança e eventos adversos foram avaliados ao longo do estudo. 
Resultados: a amostra de pacientes com DP incluiu 53,8% de homens. O 
número de respondedores durante as 8 semanas iniciais de tratamento com 
bTsMS foi significativamente maior no grupo ativo comparado ao grupo 
sham (p=0,044), principalmente devido ao efeito da primeira semana de 
tratamento, quando oito (61,5%) pacientes responderam à estimulação ativa 
e dois (15,4%) pacientes responderam ao bTsMS sham (p=0,006). O 
número necessário para tratar foi 2,2 na primeira semana. O score de 
sintomas depressivos foi menor (4,0±3,1) após o bTsMS ativo comparado ao 
bTsMS sham (8,7±5,3) (p=0,011). A impressão global de mudança do 
paciente foi melhor após o bTsMS ativo (70%) comparado com bTsMS sham 
(18,2%) (p=0,030). Eventos adversos menores foram relatados em ambos 
os grupos do estudo durante as sessões de tratamento. Um efeito adverso 
maior não relacionado ao tratamento ocorreu no grupo ativo (morte por 
embolia pulmonar). A estratégia de cegamento do estudo foi efetiva. 
Conclusão: a bTsMS proporcionou alívio significativo da dor, além de 



 

 

melhorar a impressão global de mudança e reduzir os sintomas depressivos 
na DP neste estudo fase II.  

Descritores: Doença de Parkinson; Dor crônica; Medula espinhal; 
Neuromodulação; Dor nociceptiva; Dor musculoesquelética; Estimulação da 
medula espinhal. 
 

 

 
 



 

ABSTRACT 

Lapa JDS. Prospective randomized study to evaluate the efficacy and safety 
of spinal cord magnetic stimulation in nociceptive pain in patients with 
Parkinson’s disease [thesis]. São Paulo: “Faculdade de Medicina, 
Universidade de São Paulo”; 2023. 

Introduction: Nociceptive pain is the most commom pain type in Parkinson’s 
disease (PD). It reduces the quality of life and there is actually scarce evidence-
based treatment for its control. Burst spinal cord stimulation has been used to 
treat neuropathic pain, and it has recently been shown to reduce nociceptive 
pain too. Here, we hypothesize that burst trans-spinal magnetic stimulation 
(bTsMS) can reduce nociceptive pain in PD. Methods: The double-blind, sham-
controlled, randomized parallel trial included twenty-six PD patients with 
nociceptive pain, and the analgesic effect of lower-cervical bTsMS was 
evaluated (NCT04546529). Five daily sessions, in the first week of treatment 
(induction series), were followed by two-weekly sessions (maintenance series) 
for more seven weeks. The primary outcome was the number of responders (≥ 
50% reduction of average pain intensity assessed on a numerical rating scale 
ranging from 0-10) during the eight weeks of treatment. Quality of life, mood, 
global impression of change, and adverse events were assessed throughout the 
study. Results: The sample of PD patients included 53.8% of men. The number 
of responders during the initial eight weeks of treatment was significantly higher 
after active bTsMS compared to sham bTsMS (p = 0.044), principally due to the 
analgesic effect in the first week of treatment, when 8 (61.5%) patients 
responded to active bTsMS and 2 (15.4%) patients responded to sham bTsMS 
(p=0.006); The number needed to treat was 2.2 at week 1. Depression symptom 
subscores were lower after active bTsMS (4.0±3.1) compared to sham bTsMS 
(8.7±5.3) (p=0.011). Global impressions of change from patient’s belief were 
improved after active bTsMS (70.0%) compared to sham bTsMS (18.2%) 
(p=0.030). Minor side effects were reported in both groups throughout treatment 
sessions. One major adverse event unrelated to treatment was described in the 
active group (death secondary to pulmonary embolism). The blinding strategy 
was effective. Conclusion: bTsMS provided significant pain reduction, besides 
it improved the global impression of change, and it decreased the depressive 
symptoms in PD in this phase-II trial. 

Descriptors: Parkinson disease; Chronic pain; Nociceptive pain; 
Musculoskeletal pain; Spinal cord; Neuromodulation; Spinal cord stimulation. 



 

 

1 INTRODUCTION 
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Non-motor symptoms (NMS) have been described since the first 

report on Parkinson’s disease (PD). However, NMS have not been explored 

for a long time1. Recently, there has been a growing interest in NMS since 

they are now known to have a substantial impact on functionality and quality 

of life in PD patients2. Among the several NMS, pain is frequently reported by 

PD patients in all stages of the disease. In addition, it has a significant and 

important negative impact on quality of life even in early stage of the 

disease3-6. 

Parkinson’s disease is a multisystemic condition and its pathological 

findings can be identified in extranigral areas, including non-dopaminergic 

pathways and systems7-9. In fact, there are some NMS that respond to 

dopamine replacement, while other NMS do not. Dopamine replacement 

treatment will fail to alleviate most NMS and therapies specifically targeted at 

these symptoms should be developed to improve quality of life of 

patients10,11. Pain is a NMS that responds to dopaminergic therapy only in a 

subgroup of PD patients and there is no correlation between motor 

improvement and pain relief after dopaminergic or neuromodulatory 

treatments11,12. Almost half of the patients with PD and chronic pain do not 

receive drug treatment or physiotherapy because pain is still often 

underestimated in PD11. The absence of a validated tool for classifying pain 
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in PD as well as the limited options for pain treatment based on evidence in 

these patients explains, at least partially, this lack of interest in pain in PD10. 

Current pain management recommendations also do not distinguish between 

different pain mechanisms and specific pain syndromes in PD10. 

Chronic pain, defined  as a minimum of three months of pain present 

on most days, affects approximately 18% of the general population13,14. In 

PD, chronic pain is present in 20% of PD patients in the early stages of the 

disease and can reach 80% of patients in advanced stages3,15,16. PD pain 

can be divided into disease-related and non-disease-related pain. The later 

refers to chronic pain originating before the appearance of PD and which is 

not influenced by it, while chronic pain related to PD refers to pain 

aggravated by PD or de novo initiated during the onset of PD symptoms17. 

PD-related pain also may be mechanistically classified, according to the 

International Association for the Study of Pain (IASP), with validation studies 

carried out. They were categorized into nociceptive, neuropathic, and 

nociplastic pain syndromes18. PD-related nociceptive pain is the most 

frequent pain type and it is present in 55% of the patients, mainly in the trunk 

and the lower back regions, commonly localized or regional17. This pain type 

is associated with levodopa-induced dyskinesias, thus clustering, and moving 

away from neuropathic and nociplastic pain mechanisms in PD17. 

Epidural spinal cord stimulation (SCS) has been a well-established 

treatment option for neuropathic pain for decades19. Initially, the mechanisms 

of epidural tonic SCS action associated were assumed to be derived from the 

effects of stimulation on the dorsal column of spinal cord and the modulation 
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of gate-control of pain20, wherein the stimulation of larger-fiber neurons and 

inhibitory interneurons (e.g., GABAergic neurons) blocks transmission of 

nociceptive inputs based on this type of low-frequency continuous 

stimulation21. However, later it was shown that these effects of stimulation on 

the spinal cord were broader with information processing, affecting extra-

lemniscal tracts, including structures located in the anterior portions of the 

spinal cord22. More recently, new evidence has revealed that with burst 

waveform, including a stacked pulse paradigm for charge delivery and the 

reproduction of similar endogenous burst-firing Na+ spikes that led on a Ca2+-

dependent plateau, epidural SCS could alter the function of wide dynamic 

range (WDR) cells though non-GABAergic mechanisms21. Burst epidural 

SCS stimulation has reached relief of axially localized lumbar pain in addition 

to the classic improvement of radicular pain23,24. 

There is a proposition of preferential influence of burst stimulation on 

medial spinothamic pathways with modulation of the affective-emotional 

dimension of pain, secondary to change in mediodorsal thalamic neuronal 

burst firing that may project to anterior cingulate cortex and dorsolateral 

prefrontal cortex for example21,23,24. Indeed, pain has achieved higher relief, 

in surgically-implanted SCS system, with burst waveforms compared to 

conventional continuous tonic stimulation in well-designed studies25. Theta-

burst brain stimulation has been shown to modulate the neural activity 

strongly and lastingly26. However, the specific effects of theta burst 

continuous stimulation on the spinal cord are still not known. 
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These data led us to conduct a pilot double-blind parallel study to test 

the safety and potential analgesic effects of theta burst trans-spinal magnetic 

stimulation (bTsMS) in PD-related nociceptive pain. We hypothesized that 

the benefits of epidural SCS obtained in non-neuropathic or mixed pain 

syndromes could be reproduced by non-invasive burst stimulation to the 

spinal segments by an induced electric current delivered by trans-spinal 

magnetic stimulation (TsMS). 

 

 

 

 



 

 

2 OBJECTIVES 
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2.1 Main objective 

Evaluate the analgesic effects of bTsMS on patients with PD-related 

nociceptive pain. 

2.2 Secondaries objectives 

- Evaluate the effects of bTsMS on quality of life. 

- Evaluate the effects of bTsMS on Parkinson’s disease motor 

symptoms. 

- Evaluate the effects of bTsMS on depressive and/or anxious 

symptoms. 

- Evaluate the effects of bTsMS on global impression of change. 

- Evaluate the safety and the possible side effects of bTsMS. 
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3.1 Historical aspects of Parkinson’s disease 

Parkinson’s disease was first described, as a neurologic disease, by 

James Parkinson in An Essay on the Shaking Palsy in 181727. Jean-Martin 

Charcot introduced the term Parkinson’s disease, at the end of the 19th 

century, after a detailed characterization of its main features (bradykinesia, 

rigidity, and tremor) and he proposed deference to Parkinson27. 

Charcot wrote about the cardinal motor symptoms (1872, p. 7 Leçon 

21)28: 

More commonly, muscular rigidity only comes on or predominates 
in the most advanced stage of paralysis agitans. Yet, long before 
rigidity actually develops, patients have significant difficulty 
performing ordinary activities; this problem relates to another 
cause. In some of the various patients I showed you, you can 
easily recognize how difficult it is for them to do things even though 
rigidity or tremor is not the limiting feature. Instead, even a cursory 
exam demonstrates that their problem relates more to slowness in 
execution of movement rather than to real weakness. 

The damage of substantia nigra was initially related to PD by Edouard 

Brissaud in 1895, and it was validated by Constantin Trétiakoff in 191929. A 

complete description of brain stem regions affected by Parkinsonism was 

performed by Greenfield and Bosanquet in 195330. Dopamine deficiency as a 

PD hallmark was described in the mid-twentieth century31. 

The first well-established treatment for PD was anticholinergic drugs in 

herbal sources developed by Charcot and collaborators to treat mainly 

tremors31. Hornykiewicz32 suggest a test with levodopa in PD in 1961, and 
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Birkmayer treated patients with initial good results. Posteriorly, studies 

confirmed that levodopa, a dopamine precursor, could be used as standard 

treatment, and other medications as dopamine agonists and catechol-O-

methyltransferase inhibitors (iCOMT) were also developed to treat motor 

symptoms33. 

The neurosurgical treatments of PD were applied by Leriche as early 

as 1912, and pallidotomy and thalamotomy were introduced in the mid-

twentieth century34. After levodopa replacement treatment, the surgical 

treatments were put aside, and with the onset of motor complications 

refractory to dopaminergic treatment, ablatives and new neuromodulatation 

invasive treatments were retaken35. 

3.2 Epidemiology 

PD is the second most common neurodegenerative disease after 

Alzheimer’s disease36. Crude prevalence rate estimates the disease ranged 

from 65.6 to 12,500 per 100,000, and annual incidence estimates ranged 

from 5 to 346 per 100,000 in a Europe population-based study review37. 

Those variations were mainly secondary to differences in diagnostic criteria 

and age distributions37. PD reaches a prevalence of approximately 1% of the 

population over 60 years38. There is a large increase in the incidence of PD 

in every region of the world in the last years39. In Brazil, a study carried out in 

Minas Gerais, showed prevalence rates of 3,3 % of PD in a cohort of 

subjects over 64 years40. 
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Aging is the most important risk factor for PD41. In general, there is 

more risk of developing PD in men than women42. Cigarette smoking and 

coffee consumption are inversely proportional to the risk of developing 

PD43,44. Those last findings are associated possibly with nicotine which 

increases enzymatic activity and cleanses toxins, and with adenosine 

antagonist that works as an inhibitor of lesions in PD animal models43,44. 

Physical activity has at least a moderate protective effect for PD, and it 

reduces the progression and severity of the disease45,46. 

The risk of death in PD is close to three times more than in normal 

controls47. The average survival after diagnosis of PD is 9.1 years and it 

decreases by approximately 5% annually in PD patients48,49. Dementia, more 

severe motor impairment, late-onset PD symptoms or older age, and postural 

instability-gait difficulty phenotype were important independent predictors of 

mortality47,49. 

Genetical and environmental factors are combined in the pathogenesis 

of PD50. The multifactorial theory is based on more incidence of disease in 

people with relatives with PD than people without familiar history and 

mutations in the leucine-rich repeat kinase 2 (LRRK2) gene, which 

represents the common cause of genetic PD, while there is parkinsonism 

related to neurotoxin 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP), 

and to occupational pesticide use, for example51-54. 
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3.3 Pathophysiology 

The pathogenesis of PD is complex and not completely understood. The 

neuronal death pathway is the result of genetic and environmental factors50. 

Lewy bodies are the main hallmark of PD, and they are formed by alpha-

synuclein aggregates, classically in nigral dopaminergic cells55,56. However, PD 

is a multisystemic disease and its associated pathological findings can be 

identified in extranigral regions including non-dopaminergic systems. There is 

also aberrant alpha-synuclein in cell processes, mostly axonal, called Lewy 

neurites, that represents an important component of neuropathology7,8,57. 

In general, there are mitochondrial dysfunction, oxidative stress, 

neuroinflammation with microglial activation, and alpha-synuclein-driven 

inflammation, besides Lewy body formation that may lead to neuronal death 

in PD55,58-61. Most of those studies were conducted in animal models, and 

there are still several gaps and doubts about the pathogenesis. 

Braak's PD staging hypothesizes the predictable pathway that the 

Lewy pathology propagates from the peripheral to the central nervous 

system62. The neurodegenerative process advances with the toxic effect of 

misfolding and aggregation of alpha-synuclein63. Another theory shows that a 

disease may begin with the predominant involvement of the autonomic 

peripheral nervous system or substantia nigra64. 

The neuronal loss is more prominent in substantia nigra pars 

compacta, principally in the caudal and ventrolateral regions65. This 

neuropathologic substrate in PD is related to the presence of Lewy body with 

progressive spread59. The selective midbrain dopaminergic neurons 
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vulnerability may be correlated with abnormally high concentrations of alpha-

synuclein, which induces probably oxidative stress with prominent regional 

injury66. In the early-stage PD, the decrease of dopamine stimulates the 

increase of striatal dopaminergic cells, and this compensatory change is 

probably more efficient in young PD patients than in old PD patients67. The 

depletion of dopaminergic terminals begins in the dorsal and caudal putamen 

and posteriorly affects the ventral putamen e caudate nucleus with a 

reduction of dopamine uptake in the striatum65. There is a loss  of 

approximately 30% of dopaminergic neurons of the substantia nigra and up 

to 60% of their axon terminals, at the time of initial PD diagnosis68. 

3.3.1 Circuits pathophysiology 

There are several neuronal circuits affected by PD69,70. Initially, the 

Lewy pathology reaches dopaminergic and serotoninergic circuits with nigral 

neurons and raphe neurons severely affected70. In late stages, cholinergic 

neurons from basal prosencephalon and other circuits are involved too71. The 

cardinal motor symptoms and the diverse neurologic non-motor symptoms 

(NMS) result on the spread of alpha-synuclein aggregates frequently from the 

olfactory bulb, the dorsal motor nucleus of the vagal nerve through the 

substantia nigra to the neocortex72,73. The main PD clinical subtypes are 

rigid-akinetic (RA) and tremor-dominant (TD), which have different patterns of 

involvement in striatal and cerebello-thalamocortical pathways56. There are 

several modifications in connectome among brain areas in PD concerning 

healthy subjects with dysfunctional connectivity74. 
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The parallel circuit model describes the flow of the sensorimotor, 

associative, and limbic information at the same time by different loops in 

specific regions of each basal nucleus75. Normal motor activity is the 

consequence of complex modulation with input integration and output focus 

in the sensorimotor loop and surrounds inhibition within subcircuits to 

decrease unwanted motor programs76,77. 

In PD, the classic motor circuit loses the ability to filter afferent and 

efferent information, with the loss of normal modulation of movement56. 

There is a decrease in the firing of dopamine D1 receptors and an increase in 

the firing of dopamine D2 receptors in striatal medium spiny neurons due 

reduction of dopamine in the nigrostriatal pathway78. This imbalance causes 

predominant indirect pathway activity with the development of hypokinetic 

syndrome (bradykinesia and rigidity)78. The main basal nucleus output is 

globus pallidus pars interna, which has increased activity, leading to 

excessive cortical inhibition78. The beta-band oscillation is the 

neurophysiological hallmark of PD secondary to full loop hyper 

synchronization79. The rigid-akinetic symptoms are directly proportional to the 

magnitude of oscillation, and dopamine replacement suppresses the beta-

band oscillation79. 

The rest tremor, in PD-TD, seems to be related mainly to damage to 

the retrorubral A 8 field, which projects to the ventromedial thalamus and 

prefrontal cortex56. This finding does not appear in PD-RA. Still, the tremor in 

PD may be related to a functional imbalance between the gabaergic and 

dopaminergic pathway in internal globus pallidus with dopamine levels 
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normal, besides studies that show dysfunction of cerebellum and connections 

as a component of the pathogenesis of rest and postural tremor80. PD 

Patients com RA subtype have more burden of Lewy pathology than PD-TD 

with early and more important cognitive impairment and bradykinesia81. 

Levodopa-induced dyskinesia happens in PD patients as a motor 

complication. This complication is frequently related to increased 

glutamatergic activity with abnormal N-methyl-D-aspartate receptors (NMDA) 

transmission, and increased dopamine sensibility of striatal cholinergic 

neurons82,83. 

3.4 Clinical diagnosis 

The definitive PD diagnosis is only obtained through neuropathology, 

however, it is very important to reach the major diagnostic accuracy with 

clinical criteria84. In the practice, clinical aspects of PD are fundamental for 

guiding physicians. The first formal diagnostic criteria for PD was The United 

Kingdom Parkinson’s Disease Society Brain Bank (UKPDSBB) which 

includes three steps, the characterization of parkinsonian syndrome initially, 

after the exclusion of other causes for parkinsonian, lastly the presence of 

supportive criteria as prospective levodopa response and disease 

progression evaluation85. In UKPDSBB, there are several limitations as only 

motor symptoms are included, and any cognitive impairment, besides genetic 

factors that challenge the PD diagnosis. These concepts are no longer 

accepted nowadays86. 
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Recently, The International Parkinson and Movement Society proposed 

Clinical Diagnostic Criteria for Parkinson’s disease (MDS-PD Criteria)87. The 

new criteria maintain motor symptoms as a cardinal presentation with 

bradykinesia plus rest tremor and/or rigidity. The postural instability is a feature 

of parkinsonism, but it is not expected at early PD, so this characteristic does 

not participate in the criteria. The non-motor manifestations and laboratory are 

included too86,87. Chart 1 shows MDS-PD criteria. 

Chart 1 - Diagnostic criteria for Parkinson’s Disease 
Criteria for parkinsonism 

Bradykinesia plus at least one of rigidity and/or rest tremor 
Suportive criteria 

Clear and dramatic positive response to dopaminergic therapy 
Rest tremor of a limb 
Presence of levodopa-induced dyskinesia 
Presence of either cardiac sympathetic denervation on metaiodobenzylguanidine (MIBG) 
scintigraphy or olfactory loss 

Red flags 
Fast progression of gait problems, demanding commonly wheelchair assistance within 5 
years of onset 
There is no evidence of the progression of motor symptoms or signs over 5 or more years 
Early bulbar impairment, defined as one of severe dysphonia, dysarthria or severe 
dysphagia within the first 5 years of disease 
Inspiratory respiratory dysfunction defined as either diurnal or nocturnal inspiratory stridor 
or frequent inspiratory sighs 
Severe autonomic dysfunction in the first 5 years of disease 
Recurrent (>1/year) falls because of impaired balance within 3 years of onset 
The presence of disproportionate anterocollis (dystonic in nature) or contractures of hand 
or feet within 10 years of onset 
There are no non-motor symptoms despite 5 years of disease duration 
 Unexplained pyramidal signs 
Parkinsonism remains bilateral and symmetric throughout the course of the disease.  

Absolute exclusion criteria 
Undoubted cerebellar abnormalities on examination or cerebellar oculomotor 
abnormalities 
Downward vertical supranuclear gaze palsy, or selective slowing of downward vertical saccades 
Diagnosis of probable behavioral variant frontotemporal dementia or primary progressive 
aphasia within the first 5 years of disease 
Parkinsonian features limited to the lower limbs for more than 3 years 
Treatment with a dopamine receptor blocker or a dopamine-depleting agent in a dose and 
time-course consistent with drug-induced parkinsonism 
No clinical response to high-dose levodopa despite at least moderate severity of disease 
Undoubted cortical sensory loss (ie, graphesthesia, stereognosis), clear limb ideomotor 
apraxia, or progressive aphasia 
Normal functional neuroimaging of the presynaptic dopaminergic system 
Adapted from Postuma et al.87, and Li et al.88. 
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There are two levels of certainty related to PD diagnosis from MDS-PD 

criteria after parkinsonism confirmation. Clinically established PD (maximized 

specificity with reduced sensitivity) demands no red flags, the absence of 

absolute exclusion criteria, and at least two supportive criteria while clinically 

probable PD (balance between sensitivity and specificity) demands the 

absence of absolute exclusion criteria, and supportive criteria to 

counterbalance at most two red flags86-88. 

Neurologic NMS are frequently present in PD, showing the complexity 

and heterogeneity of the neurodegenerative process. In the Prodromal 

phase, olfactory loss, constipation, rapid eye movement-sleep behavior 

disorder (RBD), depression, and anxiety are considered relevant markers 

that may help to diagnose PD89. 

The neuroimaging in PD includes functional and morphological 

techniques to auxiliate in the early diagnosis90. A structural imaging as 

magnetic resonance evaluate secondary causes of parkinsonism and specific 

findings of atypical parkinsonism90. Recently, advances in magnetic 

resonance imaging (MRI) techniques, that include the introduction of high-

field 3 and 7 tesla MRI, and the development of newer MRI sequences led to 

improved spatial resolution and contrast with possibility to evaluate early 

substantia nigra pathology in PD e other degenerative parkinsonisms91. The 

nigrossome-1, for example, is a hyperintense structure in the dorsolateral 

region of substantia nigra pars compacta mainly seen on susceptibility-

weighted sequences (SWI). In pathological studies with neurodegenerative 

parkinsonism, the highest neuronal loss was found in nigrossomo-1. Poor 
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visualization of dorsolateral nigral hyperintensity (DNH) on imaging at least 3 

tesla is consistent in PD patients with higher sensibility, specificity, and 

accuracy, but it cannot differentiate from atypical parkinsonian syndromes92. 

Functional imaging discriminates non-degenerative parkinsonism, besides 

trying to differentiate etiologies of degenerative parkinsonism with 

limitations90. Brain single-photon emission computed tomography (SPECT) 

with radiotracer technetium-99m TRODAT-1 (TRODAT), for example, is an 

imaging method based on nuclear medicine molecular, that aims analyze the 

functional integrity of dopaminergic systems from striatal region. SPECT is 

frequently used because of its availability and cost-effectiveness, while 

TRODAT selectively binds dopamine transporter (DAT), which is pre-synaptic 

dopaminergic nerve terminal. The SPECT with TRODAT is principally useful 

in distinguish between synucleidopathies and secondary parkinsonism, 

whereas DAT is decreased in degenerative parkinsonism93. However, 

specific protocols might help to differentiate Parkinson’s disease from the 

other parkinsonian syndromes90,94. 
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3.5 General non-motor symptoms 

The spread of Lewy pathology to cholinergic, and noradrenergic, 

besides nigrostriatal systems is related to NMS, mainly in the brainstem, in 

different PD phases95. The NMS are increasingly recognized as very 

common components of PD with an important negative impact on quality of 

life96,97. In general, they encompass pain, psychiatry and cognitive problems, 

sleep disturbances, and autonomic dysfunction96. NMS has already been 

present in over 20% since early PD and ones may fluctuate as motor 

symptoms98. Patients with RA-PD have not only a great amount of it but also 

more intense NMS than other subtypes98. 

Cognitive dysfunction is a common problem in PD patients, principally 

executive dysfunction and other deficits such as disturbances of attention, 

verbal fluency, visual-spatial ability, and memory impairments99,100. These 

alterations are related to the decoupling of the frontal lobe-striatum loop, and 

posterior cortical dysfunction100. At the time of PD diagnosis, up to 19% of 

patients present mild cognitive impairment101. Dementia will affect 83% of PD 

patients after 20 years of the disease102. Cognitive dysfunction is devastating 

NMS in PD with the reduction of patient functionality, and it also 

compromises the well-being of the family100. Predictors of PD dementia are 

RBD, hallucination, advanced age, and motor symptoms progression103. 

Behavioral changes also happen frequently in PD patients. Anxious and 

depressive symptoms may appear at any time of PD, including prodromal 

disease, and they get worse with the wearing off phenomenon. Apathy 

reaches up to 40% of PD patients with marked indifference104. 
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Sleep disturbances have high prevalence in PD105. Insomnia is 

commonly due to sleep fragmentation with multifactorial origin. RBD is a 

classic parasomnia characterized by loss of atonia with movements during 

REM sleep and recurrent nocturnal dream enactment behavior. RBD 

predisposes to risk of trauma for the patient and their partner105. It is 

important harbinger of alpha-synucleinopathy, and up to 90% of PD patients 

may develop it105,106. 

In general, excessive daytime sleepiness and impulse control 

disorders (ICD) may be related to dopamine agonist treatment107,108. 

Impulsive behaviors include pathological punding, gambling, binge eating, 

compulsive buying, and hypersexuality108. The main risk factors for ICD are 

personal or family history of drug abuse, male gender, and young patients109. 

Several autonomic dysfunctions may happen in PD. Symptomatic 

orthostatic hypotension is present in a minority of patients with unspecific 

clinical presentations110. Gastrointestinal dysfunctions include dysphagia, 

gastroparesis, and constipation111. Dysphagia is directly related to the risk of 

developing aspiration pneumonia. Urge incontinence secondary to detrusor 

overactivity, and erectile dysfunction are common problems in PD104. 
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3.6 Pain in Parkinson’s disease 

James Parkinson portrayed the pain in PD in 1817 in his original work 

An Essay on the Shaking Palsy (1817, p. 51)112,113: 

[...] the writer of these lines was called to a female about forty years of 
age, complaining of great pain in both the arms, extending from the 
shoulder to the finger ends. She stated, that she [...] was not benefited 
by any of the medicines which had been employed [...] leaving both 
the arms and hands in a very weakened and trembling state. 

Chronic pain affects up to 20% of PD patients in the early stages of 

the disease however, it may be present in 80% of patients in later 

stages3,15,16. The pain greatly reduces the quality of life even in early-stage 

disease3-5. Dopaminergic replacement improves pain in only a few PD 

patients, and there is a poor correlation between motor improvement and 

pain relief with dopaminergic or invasive neuromodulatory treatments11,12. A 

survey brought the pain as one of most troublesome symptoms in the 

perception of patients in all stages of the disease114. 

Most forms of pain appear after the onset of motor symptoms, except 

shoulder pain, which may precede the PD diagnosis3. Generally, the pain is 

worse in the hemibody more affected by motor symptoms115. 

PD pain is divided into pain unrelated to PD and pain related to PD. 

The latter refers to chronic pain aggravated by PD or de novo pain appearing 

during disease installation, while PD-unrelated pain refers to previous chronic 

pain that is not influenced by PD17. 

Classically, Ford116 classified the pain in PD as musculoskeletal, 

dystonic, radicular/neuropathic, central or primary pain, and akathisia. More 

recently, other pain classifications in relation to PD were developed as King’s 

PD pain scale, and Parkinson’s Disease Pain Classification System (PD-
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PCS)17,117. The PD-PCS is composed of steps, which include evaluating if the 

pain is related to PD, followed by the definition of pain mechanisms, and pain 

subtypes, besides the severity score (Figure 1). The advantages of PD-PCS in 

relation to King’s PD pain scale are to include pain non-related to PD and to 

clearly discriminate chronic pain. Furthermore, PD-PCS brought an important 

contribution to separate pain subtypes based on pain mechanisms17. 

The nociceptive pain related to PD was present in 55% of patients, 

while nociplastic pain in 22%, and neuropathic pain in 16% in a multicentric 

study17. Nociceptive pain has origin from lesion of non-neural tissues, with 

excessive and prolonged activation of nociceptors. Motor fluctuations marked 

by off period, including painful rigidity and off-period dystonia, and dystonic 

spasms secondary a several types of dyskinesia compromise the 

musculoskeletal system.  Myofascial pain syndrome, coat hanger syndrome 

(neck pain in hypotension), and localized pain (e.g., osteoarthritis) are 

common diagnosis related to musculoskeletal pain. Neuropathic pain is an 

important cluster of pain secondary to neural damage, defined as central or 

peripherical origin based on neurological exam and topographic diagnosis17. 

DN-4 ≥ 4 has high sensibility and specificity for detecting neuropathic pain118. 

Nociplastic pain encompasses characteristics from dopaminergic agonist 

withdrawal syndrome and dopamine dysregulation syndrome. 

Neuropsychiatric symptoms from non-motor fluctuations include flares of 

sweating, dysphoria, and motor agitation associated with pain deeply located 

(face or abdomen), often poorly localized and very variable. Leg motor 

restlessness is included here when neuropathic component is not important17. 
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There are no validated criteria for central pain in PD, and the diagnosis 

remains of exclusion119. The clinical suspicion is based on poor pain defined 

in uncommon regions such as abdominal, oral, and genital with associated 

autonomic symptoms and partial response to levodopa120,121. 

 

DN-4, Douleur Neuropathique-4 questionnaire; PD, Parkinson’s Disease,  
Adapted from Mylius et al.17 

Figure 1 - Summary presentation of the Parkinson’s disease-pain classification 
system (PD-PCS). In the first step, the pain is evaluated if it has relationship 
with Parkinson’s motor symptoms, including dyskinesia, and dopaminergic 
replacement, according to four questions. If a single question has an 
affirmative answer, the pain will be considered PD-related. Pain may be 
related to PD, directly as de novo pain related to disease onset or its 
reduction secondary to motor symptoms treatment, and indirectly as 
previous chronic pain aggravated by Parkinson’s symptoms. Pain is 
considered unrelated to PD (neither provoked nor worsen by the disease) 
when the answers are negatives for all questions and it should be treated 
as in the general population. In the second step, the PD-related chronic 
pain must be classified into nociceptive, neuropathic, or nociplastic 
mechanistic descriptor to allow treatment based on pain pathophysiology. 
Neuropathic pain was deemed present with DN-4 ≥ 4 (positive), 
distinguishing central from peripheral neuropathic pain depending on 
neurological topographic diagnosis while nociceptive pain was 
characterized by localized pain, painful palpation of musculoskeletal 
structures (muscles, tendons, and fascia), and pain related to motor 
fluctuations and dyskinesias. Nociplastic pain had DN-4 negative as 
nociceptive pain with poorly localized pain, and with non-motor 
neuropsychiatric symptoms related to hiper(or hypo)dopaminergic 
fluctuations predominate. The score described in the last step was 
developed to measure the severity of pain, including aspects such as 
intensity of pain, pain Interference on daily living, and pain frequency for 
each pain type, besides it follows up the effectiveness of treatments. 
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3.6.1 Pathophysiology of pain in PD 

Pain related to PD is clearly not secondary to the severity of motor 

symptoms122. The abnormal pain processing happens mainly at a central 

level, and it is associated with sensitization of pain pathways and decreased 

inhibition of descending inhibitory control system123. There is a complex 

interaction among dopaminergic and non-dopaminergic systems to the 

development and perpetuation of pain in PD124. 

The dopaminergic pathway includes at least the nigrostriatal and 

mesocorticolimbic pathways. The nigrostriatal pathway encompasses the 

integration and control of sensorimotor function, and it is classically affected 

in PD. The mesocorticolimbic pathway reaches the nucleus accumbens, 

amygdala, prefrontal cortex, and anterior cingulated cortex from the ventral 

tegmental area of the midbrain122,124. These dopaminergic pathways 

comprise brain areas related to pain processing with the possibility of motor 

and sensory neuromodulation secondary to dopamine action (Figure 2). 
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MC, motor cortex; MPFC, medial prefrontal cortex; ACC, anterior cingulated cortex; T, 
thalamus; GP,globus pallidus; SN, substantia nigra; AMY, amygdala; VTA, ventral 
tegmental area; HY, hypothalamic nuclei; CN, caudate nucleus; P, putamen; IC, insula 
cortex; NAC, nucleus accumbens; A11, hypothalamic nuclei; PAG, periaqueductal 
grey; IC, locus coeruleus; RVM, rostral ventromedial medulla; DA, dopamine, NA, 
noradrenaline, 5-HT, serotonin, DRG, dorsal root ganglia, PN, projection neuron. 
Printed from Cury et al.122 with permission of publisher John Wiley and Sons 

Figure 2 - Basal ganglia basic circuit, pain descending modulatory system and 
neurotransmitter projections to cortical, subcortical and spinal cord 
structures. Dopaminergic pathways (blue), including nigrostriatal DA 
system projects from the substantia nigra pars compacta to dorsal striatal 
structures, globus pallidus, putamen and caudate nucleus; and the 
mesocorticolimbic DA pathway, which is comprised of neurons that project 
from the ventral tegmental area of the midbrain to subcortical structures, 
such as the nucleus accumbens, thalamus, amygdala and cortical 
structures, such as the motor, prefrontal and the anterior cingulated 
cortices. The hypothalamic A11 nucleus provides dopamine-mediated 
inhibitory projections to nociceptive transmission in the spinal cord. 
Rostrocaudal pain-modulatory pathways (red, green and orange) include 
cortical and subcortical projections to the brainstem (red) (PAG, locus 
coeruleus and rostral ventromedial medulla), noradrenergic (green) and 
serotoninergic (orange) projections to the spinal cord. There is a 
substantial overlap between dopaminergic brain regions and those that are 
most commonly implicated in pain processing 



REVIEW OF LITERATURE - 26 

 

Dopamine may influence pain perception dynamically in PD 

patients122. In general, there were reduced non-painful mechanical thresholds 

and decreased mechanical and thermal pain thresholds compared to healthy 

volunteers in the off medication state12. The functional neuroimaging in off 

medication state also showed increased activity in the insular, anterior 

cingulate, and prefrontal areas related to the pain matrix125. The treatment for 

motor symptom control as a levodopa replacement and deep brain 

stimulation may restore pain thresholds toward normal values126,127. 

However, there is not a strong correlation between pain relief, and reduction 

of motor symptoms of PD after dopaminergic or neuromodulatory treatments, 

and these interventions may interact with motor symptoms and pain by 

different mechanisms12. 

The monoaminergic systems as serotoninergic and noradrenergic 

pathways also are important in pain processing in PD124,128. The coeruleus 

complex and raphe nuclei are brainstem regions affected by Lewy pathology, 

and impairment of these component structures of descending pain pathway 

are related to hyperalgesia in PD128,129. The experimental study shows that 

dysfunction of descending noradrenergic system may play an important role 

in PD-associated pain, and an initial study demonstrated that dual-action 

antidepressants with inhibition of serotonin and norepinephrine reuptake may 

be effective at treating pain in PD130,131. The role of opioid system has been 

little studied in pain in PD, despite it is classically evolved in the modulation 

of the nociceptive pathway132. 
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There is the integration of several afferents from cortical and thalamic 

areas within the basal nuclei and the sensitive input also undergo by this 

circuit133,134. The different loops carry affective and discriminative pain information 

as from the spinal cord, parietal, sensorimotor, orbitofrontal, dorsolateral prefrontal 

cortex and anterior cingulate cortex, and basal nuclei send the feedback for other 

cortical regions135. For example, the caudate nucleus is evolved in avoidance 

behavior to pain, the nucleus accumbens may modulate the processing of 

emotional salience of pain, and the stimulation of globus pallidus pars interna and 

of the subthalamic nucleus can decrease neuropathic pain and nociceptive pain, 

respectively122,136-138. In chronic pain, a study showed decreased connectivity 

between ventromedial prefrontal cortex and basal nuclei139. 

3.7 Therapies and its limitations 

3.7.1 Conventional therapies 

There are still no disease-modifying pharmacologic treatments for 

PD140,141. The symptomatic therapy should be started when any disability 

appears, and the patient should not tolerate a reduction in the quality of life140. 

Several medications in different formulations, including levodopa, dopamine 

agonists, monoamine oxidase-B inhibitors, amantadine, and iCOMT, are used 

for treating motor symptoms in PD142. The levodopa replacement has the best 

rate of motor symptom control, and the start of this medication may not be 

delayed140. Typically, levodopa is the first option mainly in elderly PD patients, 

patients with cognitive and behavioral problems, and patients with jobs related 

to complex motor skill activities143. Regardless of the medication in use, the 
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increase of dose must be performed to reach improvement of functionality, but 

minding possible side effects141. The beneficial response to dopaminergic 

therapy is dramatic with adequate dose and time for PD diagnosis, and no 

response guide to atypical parkinsonism87. 

As the disease progresses, in general, PD patients will need in general 

medication combinations to treat motor symptoms142. The therapeutic window 

narrows over time, and PD motor complications develop142. Motor fluctuations 

happen due to wearing off phenomenon, and there are several strategies to 

manage, including increase or fractionation of daily levodopa dosage, and 

inclusion of iCOMT, monoamine oxidase–B inhibitors, or dopamine agonists140. 

Nocturnal akinesia may get better with a bedtime dose of controlled-release 

levodopa. Another motor complication is dyskinesia, iCOMT may worse this 

symptom, and amantadine or clozapine can improve the dyskinesia140,141. 

Painful dystonia may develop in off periods and biphasic dyskinesias, and they 

may respond to an increase or fractionation of daily levodopa dosage144. 

Rehabilitation is an important adjunct therapy, including physiotherapy, 

formalized pattern exercises, speech therapy, and occupational therapy141,145. 

Pain treatment in PD is also a challenge. It is often ignored by 

physicians, and almost half of the patients do not receive medications or 

rehabiilitation3,15,16. Currently, the recommendations of the movement 

disorders society for the treatment of pain in PD do not distinguish among 

different pain mechanisms, and there are rare options with limited 

evidence10. The dopaminergic treatment improves pain in only 30% of PD 

patients11. Different double-blind, randomized, placebo-controlled studies 
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with duloxetine, rotigotine or prolonged-release oxycodone-naloxone did not 

show significant improvement of pain in PD146-148. 

3.7.2 Neuromodulatory therapies 

Deep brain stimulation (DBS) should be indicated for debilitating 

tremors, and for motor complications refractory to the optimal available 

medical treatment, aiming to improve the motor symptom control and the 

quality of life in PD patients145. DBS of the subthalamic nucleus (STN), and 

the internal globus pallidus (GPi) decreased motor symptoms severity by 

approximately 50% and 36% respectively, in a multicenter study, with the 

maintenance of effect at least for 5 years with reduction of the magnitude of 

improvements over time149,150. In STN DBS , there were improvements of 

85% in tremor, of 66% in rigidity, and 38% in bradykinesia151. A meta-

analysis of randomized trials showed similar motor benefits between STN 

and GPi stimulation152. 

Among NMS, STN DBS decreases the prevalence of pain by 

approximately 50%, and pain scores were reduced by 40% from baseline in 

PD patients implanted with STN DBS or GPi DBS, and chronic pain in a 

systematic review with meta-analysis12,153. There is no clear association 

between motor improvement and pain relief after dopaminergic replacement 

or neuromodulation12. 

Pain management in PD may include other exiguous non-

pharmacological treatments such as neuromodulation, and surgical 

interventions154. Recently, the PD-PCS brought the proposal of treatment 
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oriented by pain pathophysiology17. For example, nociceptive pain is the 

most frequent subtype in PD patients, mainly musculoskeletal (MSK) pain in 

nature, and its treatment is commonly overlooked17. In a previous study with 

non-invasive brain stimulation, MSK pain in PD was treated with high-

frequency repetitive transcranial magnetic stimulation (TMS) over the motor 

primary cortex with relief of pain, improvement of motor symptoms, and 

reduction of mood symptoms155. 

Another classic surgical neuromodulation technique is the epidural 

SCS, which was also used for treating neuropathic pain in PD, reaching 

satisfactory pain control, mainly with burst stimulation156. That study also 

showed improvement of gait symptoms with epidural SCS156, and recently, 

an open-label study showed similar results, mainly in freezing of gait, with 

non-invasive magnetic stimulation of the spinal cord over the fifth thoracic 

vertebra157. Epidural SCS has been used to treat several pain syndromes for 

decades158. The new types of waveforms and their combinations to treat 

chronic pain upgraded the anterior good results of epidural SCS tonic 

stimulation159. There are several segmental, and supraspinal potential 

mechanisms to explain the spinal effects of stimulation. The gate control 

theory describes the first model to explain pain control that would be related 

to specific activation of large fibers of the dorsal column20. Lately, spinal cord 

stimulation with burst waveforms did not show an influence on the dorsal 

column function, and there was a major impact on WDR neurons and medial 

pathways associated with descending modulatory systems23,160. There are 

still no studies with non-invasive spinal stimulation to treat chronic pain. 
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4.1 Patients 

This study was approved by ethics Board of the research committe 

(Comissão de Ética para Análise de Projetos de Pesquisa, CAPPesq, do HC-

FMUSP), (protocol number 36024620.8.0000.0068, Attachment A), which 

was registered on clinicaltrials.gov (NCT04546529). Also, with strict 

compliance with regulations of the General Data Protection Law (LGPD), 

results of investigations, as well as personal information of participants was 

not disclosed to third parties in any way, whether telephonic, electronic, or 

any other, except in the form of anonymous scientific tables and graphs. Data 

obtained in the study were tabulated in an Excel sheet and submitted to 

statistical analysis maintaining anonymization (Attachment B). 

PD patients with chronic nociceptive pain related to the disease were 

recruited from outpatient movement disorders clinics near to the Hospital das 

Clínicas, University of São Paulo, between July 2020 and May 202113. The 

sampling method used in this study was convenience sampling, that is a type 

of non-probability sampling technique. 

 Idiopathic PD was diagnosed based on the 2015 MDS-PD Criteria87, 

and PD patients were included regardless of disease severity. Nociceptive 

pain was diagnosed according to the PD-PCS by two independent 

researchers and reviewed by an expert17. All patients provided informed 

consent to participate in the study (Attachment C).  
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The inclusion criteria were adults (18-85 years) with PD-related 

nociceptive pain persisting for more than 3 months and present most of the 

days. The average pain intensity (24h) score had to be ≥ 4/10 on a numerical 

rating scale (NRS). Exclusion criteria were pregnancy, breast feeding 

women, presence of defined chronic neuropathic pain according to IASP 

grading system for neuropathic pain and a positive Douleur Neuropathique-4 

questionnaire (DN-4), previous diagnosis of dementia, known major 

psychiatric disorders (as assessed by the Diagnostic and Statistical Manual 

of Mental Disorders, Fifth Edition), history of substance abuse, or work 

litigation issues17,161,162. During the period of study, patients were 

discouraged to modify dose or to include new medication for treating pain or 

motor symptoms without previously notifying the researchers. 

Demographic and clinical information about the patient was collected 

at the inclusion visit, including physical examination to confirm PD and the 

presence of nociceptive pain. This initial evaluation was performed on 

movement disorders or functional neurosurgery outpatient clinic at Instituto 

Central, University of São Paulo. 

4.2 Sample size 

The sample size was determined with G*Power 3 software, based on 

preliminary studies157. To detect a difference in average pain relief, assessed 

by NRS, comparing sham bTSMS, and active bTsMS, and to reach 80% 

power with an alpha of 0.05, considering an effect size of 0.35157, twenty 

subjects were required. The loss rate was considered 25%. 



METHODS - 34 

 

4.3 Experimental design 

This is an exploratory randomized, double-blind, sham-controlled, and 

pilot parallel trial that investigated the analgesic effects of active versus sham 

bTsMS in nociceptive PD-related chronic pain. 

Participants were allocated into groups that either received bTsMS in a 

prolonged continuous theta burst stimulation or sham stimulation over the 

seventh cervical vertebra (C7) in the midline. They were randomly assigned 

to groups in a 1:1 ratio (using https://www.random.org/sequences), and the 

randomization sequence was stored in a sealed opaque envelope and was 

only revealed to the researchers responsible for the administration of bTsMS, 

and who had no other role in the study and were not allowed to interact with 

patients except for strictly stimulation-related communications. 

Patients underwent active or sham bTsMS sessions for eight weeks in 

non-invasive neuromodulation laboratory at Instituto de Psiquiatria, University 

of São Paulo. In the first week, stimulation sessions were performed daily for 

five consecutive days (induction series) followed by two sessions weekly 

(maintenance series) for seven more weeks. At the end of the eighth week, 

full clinical and pain tools, besides evaluation of secondary outcomes was 

performed again on movement disorders or functional neurosurgery 

outpatient clinic at Instituto Central, University of São Paulo. Patients were 

followed for four additional weeks after the last treatment session for safety 

and assessed on until the 12th week from study initiation by a phone call 

(Figure 3) (Attachment D). 
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W: week; bTsMS: Burst trans-spinal magnetic stimulation 

Figure 3 - Basic study design. Triangles represent assessment of pain intensity and 
adverse events. Circles represent full clinical and pain assessments and 
evalution of secondary outcomes. Coil image represents session of 
treatment. 

4.4 Burst trans-spinal magnetic stimulation 

The trans-spinal resting motor threshold (tsRMT) was determined 

before the first session with patients positioned in an armchair, relaxed, in a 

sound-attenuated room by delivering TsMS pulses (ie, edge of the circular 

coil) over the C7 vertebral segment with a circular-shaped coil (MCF-125 coil 

with static cooling, MagVenture, Farum, Denmark) connected to a 

MagProX100 machine (MagVenture, Farum, Denmark). Trans-spinal motor-

evoked potentials (tsMEPs) were recorded using surface electrodes (Natus, 

Middleton, WI, USA) placed on the lower abdominal muscles (3rd lower 

bellies of rectus abdominalis muscles). The tsRMT was defined as the lowest 

intensity eliciting a detectable motor-evoked potential in 5 out 10 trials. The 

stimulation intensity for the bTsMS was set at the detection threshold of 

tsRMT. 
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Two different coils were used for all treatment sessions in both the 

active and sham stimulation groups. In all instances, a circular-shaped coil 

was positioned over the 7th cervical vertebra, which was chosen based on 

the most prominent spinous process from that vertebra (anatomical 

landmark), with the cable pointing to the side, with the induced electric 

current flowing lateral form medial in the spinal cord. A figure-of-eight (B-

65) coil with active cooling (Magventure, Farum, Denmark) was placed 

orthogonally to circular-shaped coil. For real stimulations, the circular coil 

in contact with the skin was turned on, and the figure of eight coil was left 

off. The theta burst stimulation was delivered by three pulses at 50 Hz and 

repeated 400 times with an inter-stimulus interval of 200 milliseconds; 

1,200 pulses were delivered per session over 1 minute and 20 seconds163 

continuously. For sham sessions, the same set up was used except that 

the circular coil was turned off while the figure-of-eight coil placed in the 

circular coil was turned on and delivered stimulation at 100% of maximal 

stimulator output. This means that the figure-of-eight coil was placed in 

contact with the circular-shaped coil to ensure proper double-blinded 

conditions, as it emitted noise and vibration related to the stimulation but 

had no specific biological effect on the spinal cord since its several 

centimeters away from the skin. The coils were fixed by a mechanical arm, 

and the position was systematically controlled during the session. 

Additionally, to improve quality of blinding and assure allocation 

concealment throughout the study, in all sessions, a transcutaneous 

electrical nerve stimulation (TENS) system was mounted over both sides 
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of the circular coil touching the skin at the C7 level before the start of 

stimulation. This strategy with TENS was used for first time here. The two 

carbon rubber surface electrodes were placed 5 cm from the coil edges on 

each side in a longitudinal orientation (Figure 4). Biphasic square wave 

impulses at a frequency of 100 Hz and pulse duration of 50 µs were used 

during both active and sham bTsMS session (Neurodyn Portable TENS, 

Ibramed). The stimulation intensity was increased until there was local 

paresthesia without discomfort. Stimulation was started and stopped time-

locked to bTsMS. In patients with deep brain stimulation system 

implanted, the handheld controller was used before and after session to 

evaluate the function of device. There were not change of DBS setting 

after the sessions of treatment.  

 

 



METHODS - 38 

 

 

TENS: Transcutaneous electrical nerve stimulation; C7: Seventh cervical vertebrae; bTsMS: 
Burst trans-spinal magnetic stimulation 

Figure 4 - Step-by-step stimulation montage during bTsMS treatment sessions. A) 
Surface electrodes of TENS secured to the skin with adhesive tape at level 
of C7 in the paraspinal area. B) The circular-shaped coil placed 
perpendicular to spinal in midline over C7. C) The figure-eight coil was 
placed orthogonally to circular-shaped coil. This last image shows 
complete montage during all bTsMS sessions regardless of group 



METHODS - 39 

 

4.5 Pain and assessments tools 

A full clinical and pain assessments were performed at baseline and 

after eight (last) weeks (Attachment E). Pain intensity and adverse events 

were also assessed at the first, second and fourth weeks, and one month after 

the last stimulation session, this time by a structured phone interview. The 

primary outcome of the study was the number of patients reaching significant 

average pain relief (≥50% pain intensity reduction) during the eight weeks of 

stimulation sessions versus baseline assessment. The average pain intensity 

over the past 24h, from item 5 of brief164 pain inventory, was assessed by a 

NRS28 ranging from 0 (no pain) to 10 (maximal pain imaginable)148. 

4.6 Secondary outcomes 

Pain intensity, frequency and severity were assessed by the 

composite score from PD-PCS17. This score ranges from 0 (no pain) to 90 

(maximal pain intensity, impact in activities and high frequency). Mood was 

assessed by the hospital anxiety and depression scale165. Quality of life was 

assessed by EuroQol-5166. Parkinson's disease motor symptoms were 

assessed by UPDRS part III167. Pain interference in daily living was 

measured by the seven items from the short form of the brief pain inventory 

ranging from 0 (does not interfere) to 10 (maximal interference)164. The global 

impression of change is a seven-point likert scale that ranges the amount of 

improvement or aggravation after a treatment168. We compared percentage 

of subjects who reported much, and very much improvement after treatment 

against all the other options168. These assessments were performed at 

baseline and after eight (last) weeks (Attachment E). 
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4.7 Blinding assessment 

Care was taken not to set patients' appointments simultaneously so 

that waiting-room conversations were avoided and ensuring the integrity of 

blinding. The blinding assessment was performed at the end of the study 

(e.g., after eight weeks of treatment) as previously reported169,170, and 

included the following questions: i. could you tell which treatment you 

received?”; ii. “If so, which was it?", iii. “If you were given the option to do so, 

would you choose to maintain the treatment for a longer period of time?”. 

4.8 Adverse events report 

The incidence of treatment-emergent adverse events and the safety of 

bTsMS were assessed by measuring the number of participants who 

experienced serious events. Adverse events assessment was performed 

after each treatment session by using a dedicated questionnaire169,170 

(Attachment F). Patients were asked to report any potential side-effects 

related to the treatment such as headaches, dizziness, nausea, blurred 

vision, sleepiness, paresthesia, and local pain. 
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4.9 Statistical analysis 

The normality was verified by asymmetry and kurtosis values in 

addition to graphical methods171. Categorical data were described using 

absolute and relative frequencies and compared through Fisher’s exact test, 

and numerical data were described through median and quartiles and 

compared through Mann-Whitney’s U test. 

Longitudinal continuous data were analyzed through two-way repeated 

measures analysis of variance (ANOVA). For binary endpoints, generalized 

estimating equations were employed, as this approach allows considering 

participants with missing data on specific time points and therefore uses all 

available data without biasing the results under random dropouts172,173, so that 

data imputation strategies were not required, and intention-to-treat analysis was 

performed. Treatment effects were estimated through group versus time 

interactions. For blinding assessment analysis was used contingency table based 

on chi-square test, and for investigating differences in response to bTsMS being 

related to the location of the main pain syndrome was included Mann-Whitney’s U 

test. All tests were two-tailed, and final p-values less than 0.05 were considered 

significant. All analyses were conducted using the Statistical Package for Social 

Sciences software (IBM SPSS Statistics for Windows, version 24.0. Armonk, NY: 

IBM Corp.). Since there are no other studies in the literature reporting non-

invasive spinal cord stimulation for pain in PD, we included a convenience sample 

of PD based on previous studies using TsMS for other etiologies. Based on our 

findings we calculated the number necessary to treat, which will help future 

studies to properly estimate sample size. 
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Part of the data presented in this thesis was published in “Lapa JD da 

S, da Cunha PHM, Teixeira MJ, Brito Medeiros VM, Fernandes AM, Silva de 

Morais AD, et al. Burst Trans-spinal Magnetic Stimulation Alleviates 

Nociceptive Pain in Parkinson Disease—A Pilot Phase II Double-Blind, 

Randomized Study. Neuromodulation. 2022” (Copyright permission of 

journal, Attachment G). 

 

 

 



 

 

5 RESULTS 
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5.1 Sample description 

Thirty patients were screened for participation, and twenty-six were 

randomized (Figure 5). Thirteen patients received active and 13 with sham 

bTsMS. Table 1 shows baseline demographic and clinical characteristics of 

the 26 patients that received the allocated interventions. The active bTsMS 

and sham bTsMS groups were similar in terms of baseline characteristics, 

and there are not statistically significant differences between groups initially. 

 

Figure 5 - CONSORT study diagram. bTsMS: burst trans-spinal magnetic stimulation 
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Table 1 - Demographical profile and baseline assessment 
characteristics of subjects included in the study 

Variable Sham bTsMS 
(n= 13) 

Active bTsMS 
(n= 13) 

Age (years)A 61.4±9.2 (42-79) 61.9±10.3 (36-73) 
Sex, n (%)   

Male 9 (69.2) 5 (38.5) 
Schooling, n (%)   

< 12 years 7 (53.8) 5 (38.5) 
> 12 years 6 (46.2) 8 (61.5) 

Etiology of musculoskeletal pain, n (%)   
Myofascial pain syndrome 12 (92.3) 12 (92.3) 
Coat hanger headache 2 (15.4) 2 (15.4) 
Localized pain 4 (30.8) 3 (23.1) 

Handedness, n (%)   
Right-handed 12 (92.3) 13 (100.0) 

Time since Parkinson disease ‘s 
diagnosis (years)A 9.3± 7.5 (0-26) 10.9± 5.2 (1-20) 

Levodopa equivalent daily dose (mg)A 936.4±468.7 (300-1905) 847.8±425.7 (150-1564) 
Side of initial motor symptom, n (%)   

Left 7 (50.0) 7 (50.0) 
Right 6 (50.0) 6 (50.0) 

Predominant pain side, n (%)   
Bilateral 7 (53.8) 11 (84.6) 
Left 3 (23.1) 2 (15.4) 
Right 3 (23.1) 0 (0.0) 

Pain location, n (%)   
Neck 5 (38.5) 4 (30.8) 
Shoulder 5 (38.5) 6 (46.1) 
Upper limb 2 (15.4) 3 (23.1) 
Upper back 1 (7.7) 2 (15.4) 
Low back 9 (69.2) 10 (76.9) 
Lower Limb 9 (69.2) 9 (69.2) 

Duration of pain (years)B 4.5±3.9 (0.5-5) 5.6±5.4 (1-8) 
Average pain (item 5 of BPI)A 7.0±1.3 (5-10) 6.1±1.7 (4-10) 
New pain in the last evaluation, n (%) 1 (7.7) 3 (23.1) 
Rehabilitation, n (%) 6 (46.2) 8 (61.5) 
Pain catastrophizing scaleA 26.4±14.5 27.0±9.0 
HADS   

Depression subscale 7.6±5.6 7.1±3.2 
Anxiety subscale 9.5±5.2 7.7±3.2 

Motor complications in Parkinson 
disease, n (%)   

Motor fluctuations 6 (46.2) 6 (46.2) 
Dyskinesia 5 (38.5) 7 (53.8) 
Gait problems 9 (69.2) 10 (61.5) 

UPDRS part IIIA 33.2±16.3 (10-67) 43.0±16.1 (14-66) 
Hoehn and Yahr scale, n (%)   

Unilateral 2 (15.4) 2 (15.4) 
Bilateral 8 (61.5) 11 (84.6) 
Bilateral with balance and postural 
impairment 3 (23.1) 0 (0.0) 

DBS, n (%) 3(23.1) 2(15.4) 
A Values are presented in: mean ± SD (minimum and maximum); B Values are present in: medium 
(quartiles); bTsMS: burst trans-spinal magnetic stimulation BPI: brief pain inventory; HADS: Hospital anxiety 
and depression scale; UPDRS: total unified Parkinson disease rating scale; DBS: Deep brain stimulation. 
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5.2 Pain assessment 

Data from twenty-six PD patients were analyzed in an intention-to-treat 

approach. Pain intensity reduction ≥50% was higher after active bTsMS 

compared to sham bTsMS over the eight weeks of treatment (p=0.044) 

(Table 2). Pain intensity went from 6.2±1.7 and 7.0±1.3 at baseline to 2.4±2.2 

and 3.9±2.6 on the eighth week of stimulation after the active and sham 

bTsMS series, respectively (Graphic 1). When comparisons were made 

including time points at each week of treatment, there were, at the end of the 

first week (the induction phase), eight (61.5%) responders to active bTsMS 

and two (15.4%) responders to sham bTsMS (p=0.006). However, 

assessments of pain relief differences during the maintenance sessions (e.g., 

after the first week), the number of responders were no longer significantly 

different between active and sham arms (Table 3). The number needed to 

treat was 2.2 after the first week of treatment. We ran supplementary 

analyses to investigate differences in response to bTsMS being related to the 

location of the main pain syndrome. We stratified patients according to the 

location of the main pain syndrome as being located above or below the 

spinal C7. There were no differences between predominant neck-shoulder-

upper limb pain regions (e.g., above C7 spinal cord level) and thoraco-

lumbar-lower limb (below C7 spinal cord segment) pain regions with number 

of responders after first week (p=0.710) and the last week (p=0.218) of 

treatment. 
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Table 2 - Influence of bTsMS on pain response within the first eight 
weeks 

 (N=26) 
Parameter β Standard 

Error OR 95% CI p 

Intercept (Week vs. 
Group -1.338 0.5924 0.261 0.082-0.834 0.023* 

Week 0.111 0.0784 1.138 0.977-1.327 0.099 

Active treatment group 1.347 0.6689 3.844 1.036-14.262 0.044* 

Results obtained by Generalized Estimating Equations (GEE) analysis, weeks 1-8 included as a 
covariate; Pain intensity [Average NRS (numerical rating scale; 0-10)]; bTsMS: burst trans-spinal 
magnetic stimulation. VS: versus. * P<0.05. Pain response defined as pain intensity reduction of at 
least 50% compared to baseline. 

Graphic 1 -Pain intensity effects of bTsMS at the different timepoints 
since baseline 

 

Whiskers represent standard error; numbers close to whiskers represent absolute mean pain 
intensity reduction compared to baseline values in each group. * P<0.05 refer to % of responders in 
in each group (pain intensity reduction ≥ 50%). Pain intensity: average NRS (numerical rating 
scale): 0-10; average pain intensity reduction: average pain intensity decreased from NRS at 
baseline; W: Week; bTsMS: burst trans-spinal magnetic stimulation. 
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Table 3 - Number of responders (pain intensity reduction ≥ 50%) in 
each week of study 

Measurement Total 
(n=26) 

Sham bTsMS 
(n=13) 

Active bTsMS 
(n=13) p 

Week 1, n (%) 10(38.5) 2(15.4) 8(61.5) 0.006* 

Week 2, n (%) 10(36.0) 4(30.8) 6(41.7) 0.679 

Week 4, n (%) 12(52.2) 4(33.3) 8(72.7) 0.227 

Week 8, n (%) 14(54.5) 5(41.7) 9(70.0) 0.426 

Week 12, n (%) 11(40.9) 3(25.0) 8(60.0) 0.414 

Results obtained by Generalized Estimating Equations (GEE) analysis; Pain intensity [Average 
NRS (numerical rating scale; 0-10)]; bTsMS: burst trans-spinal magnetic stimulation; * P<0.05. 

5.3 Secondary outcomes 

Patient’s clinical global impressions of change were more frequently 

much/moderately improved after active bTsMS (70.0%) compared to sham 

bTsMS (18.2%) (p=0.030) (Table 4). Depression scores were lower after 

active bTsMS (4.0±3.1) compared to sham bTsMS (8.7±5.3) (p = 0.011). 

Other secondary outcomes are shown in Table 5. 

Table 4 - Influence of bTsMS on Clinical global impression scale 

 Total Sham 
bTsMS 

Active 
bTsMS p 

CGI-I physician, n(%) (n=22)     
Very much improved or 
much improved (≤2) 9.0(40.9) 3.0(25.0) 6(60.0) 0.192 

Others (>2) 13.0(59.1) 9.0(75.0) 4.0(40.0)  

CGI-I patient, n(%) (n=21)     
Very much improved or 
much improved (≤2) 9.0(42.9) 2.0(18.2) 7(70.0) 0.030* 

Others (>2) 13.0(57.1) 9.0(81.8) 3.0(30.0)  

Result obtained by Fisher exact test. bTsMS: burst trans-spinal magnetic stimulation; CGI-I: Clinical 
global impression scale-improvement; * P<0.05. 
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Table 5 - Influence of bTsMS on secondary outcomes related to mood, 
quality of life, motor symptoms, and pain (intensity, score, 
and interference on daily activities) 

Variable Group (N=26) 
Baseline 

(N=22) 
Eighth Week 

PD-PCS score 
Active bTsMS 43.4±20.0(12-90) 10.0±13.8(0-42) 

Sham bTsMS 43.2±22.1(12-72) 26.2±23.1(0-63) 

HADS-D* 
Active bTsMS 7.1±3.2(2-12) 4.0±3.1(0-9) 

Sham bTsMS 7.6±5.6(1-21) 8.7±5.3(2-18) 

HADS-A 
Active bTsMS 7.7±3.2(2-12) 4.1±2.3(1-8) 

Sham bTsMS 9.5±5.2(2-20) 6.6±5.1(1-16) 

EQ-5D-3L total 
Active bTsMS 0.44±0.13(0.30-0.74) 0.67±0.15(0.49-0.85) 

Sham bTsMS 0.49±0.14(0.17-0.69) 0.53±0.19(0.35-0.85) 

EQ-5D-3L Health Score 
Active bTsMS 56.4±5.24(0-95) 71.9±14.5(50-99) 

Sham bTsMS 55.8±29.5(1-85) 62.9±22.7(10-95) 

UPDRS part III 
Active bTsMS 43.0±16.1(14-66) 36.0±8.6(22-48) 

Sham bTsMS 33.2±16.3(10-67) 38.0±17.0(10-78) 

BPI Pain Intensity 
Index 

Active bTsMS 54.8±18.40(27.5-90.0) 19.8±19.8(0.0-55.0) 

Sham bTsMS 57.1±12.6(35.0-77.5) 35.6±21.6(0.0-75.0) 

BPI Pain Interference 
on daily activities 

Active bTsMS 65.4±17.8(31.9-90.0) 21.3±30.0(0.0-74.3) 

Sham bTsMS 68.2±18.3(42.9-97.1) 45.3±34.3(0.0-94.3) 

Values are presented in: mean ± SD (minimum and maximum); bTsMS: burst trans-spinal magnetic 
stimulation; PD-PCS score: Parkinson Disease Pain Classification system score; HADS-D: 
depression subscale of the hospital anxiety and depression scale; HADS-A: anxiety subscale of the 
hospital anxiety and depression scale; EQ-5D-3L: the three-level EuroQol five-dimensional 
questionnaire; UPDRS part III: unified Parkinson’s disease rating scale part III; BPI: Brief pain 
inventory; * P<0.05 (results obtained by two-way repeated measures ANOVA analysis between 
baseline and eighth week based on group-by-time interaction effect). 

There were no differences between groups concerning Parkinson 

motor symptoms severity (unified Parkinson’s disease rating scale part III, 

UPDRS part III), anxiety symptoms (anxiety subscale of the hospital anxiety 

and depression scale, HADS-A), pain interference in daily activities (Brief 

pain inventory-BPI- pain Interference on daily activities), quality of life (three-

level EuroQol five-dimensional questionnaire-EQ-5D-3L- total, and health 

score), BPI pain intensity index, and PD-PCS score (Table 6). 
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Table 6 - Secondary outcomes analysis related to mood, quality of life, 
motor symptoms, and pain (intensity, score, and interference 
on daily activities) 

Variable Parameters (N=26) 
Partial η2 p 

PD-PCS score 
Time 0.424 < 0.001 

Time*Group 0.028 0.417 

HADS-D 
Time 0.041 0.323 

Time*Group 0.241 0.011** 

HADS-A 
Time 0.437 < 0.001 

Time*Group 0.008 0.656 

EQ-5D-3L total 
Time 0.259 0.008 

Time*Group 0.106 0.105 

EQ-5D-3L Health Score 
Time 0.215 0.017 

Time*Group 0.028 0.411 

UPDRS part III 
Time 0.016 0.537 

Time*Group 0.098 0.120 

BPI Pain Intensity Index 
Time 0.466 < 0.001 

Time*Group 0.030 0.399 

BPI Pain Interference on daily activities 
Time 0.445 < 0.001 

Time*Group 0.025 0.443 

Results obtained by two-way repeated measures ANOVA analysis between baseline and eighth 
week; bTsMS:burst trans-spinal magnetic stimulation; PD-PCS score: Parkinson Disease Pain 
Classification system score; HADS-D: depression subscale of the hospital anxiety and depression 
scale; HADS-A: anxiety subscale of the hospital anxiety and depression scale; EQ-5D-3L: the 
three-level EuroQol five-dimensional questionnaire; UPDRS part III: unified Parkinson’s disease 
rating scale part III; BPI: Brief pain inventory; ** of intersection between time and group P<0.05. 
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5.4 Dropouts and adverse events report 

Four patients dropped out during the study. One left due to a lack of 

analgesic effects (after the 7th sham daily session) from the placebo group. 

In the active group, 3 patients dropped out of the study. One patient had 

dizziness that was aggravated after active stimulation that led to treatment 

interruption. One dropped out due to severe acute respiratory syndrome 

coronavirus 2 infection, and one had pulmonary embolism leading to death. 

Concerning adverse events that did not lead patients to drop out of study, 

two patients reported headache (one after 1 active stimulation session and 

one after 1 sham stimulation session) that did not persist until the next 

stimulation session, none of them needed analgesics. One had transient 

paresthesia after a one active stimulation session, one had dizziness after 

three sham stimulation sessions that did not need treatment, and one had 

transient blurred vision after two sham stimulation sessions. There were no 

other side effects such as seizures, nauseas, and drowsiness. 

5.5 Blinding assessment 

After the end of the study, 21 patients (95.5%) said they could tell 

which protocol of treatment they received, 13 patients (62.0%) guessed it 

correct. Of these patients, eight (72.7%) were in sham group, and five 

(50.0%) were in active group (p = 0.36). Twenty patients (95.2%) said they 

would like to maintain the sessions of bTsMS for a more extended period if 

this option were offered to them. 

 



 

 

6 DISCUSSION 
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Results of the current study showed that bTsMS reached a significant 

analgesic effect in patients with PD and chronic nociceptive pain, mainly in 

the first week of treatment, when stimulation sessions were carried out on a 

daily basis. The analgesic effect was not different between the active 

stimulation group and the sham one during the phase of two weekly 

maintenance sessions. During the 12 follow-up weeks, there were no 

important side effects related to the stimulation sessions and this approach 

was considered safe and feasible. In spite of having found an overall effect of 

bTsMS during the eight weeks of treatment, the most important pain relief 

occurred after the first week of daily stimulation sessions, with 61.5% 

responders in active bTsMS group and just 15.4% responders in the sham 

bTsMS group. Regarding secondary outcome of the bTsMS intervention, 

there was also a reduction in depressive symptoms, as well as an 

improvement in the global impression of change from patient’s perception 

after treatment. 
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6.1 Pain perception in Parkinson’s disease  

Even though we managed to detect an analgesic effect of non-

invasive spinal cord stimulation in PD for the first time, it is necessary to 

acknowledge that dopaminergic medication and treatment states may 

influence the pain perception, thus impacting PD patients in a very dynamic 

way. For instance, PD patients in off-medication state have shown a 

reduction in non-painful thresholds of mechanical detection and in thermal 

and mechanical nociceptive thresholds when compared to healthy 

volunteers3,12,126. Dopaminergic replacement therapy and deep brain 

stimulation (DBS) systems, when active, may restore pain thresholds towards 

normal values, mainly as a result of modulation of small fiber-mediated 

sensory inputs126,127. These data suggest that PD includes a pro-nociceptive 

state, inherent to this condition, which may be modulated by dopaminergic 

medication or neuromodulatory interventions prescribed primarily with the 

aim to treating motor symptoms. However, the recurring information in 

literature regarding pain in PD is the absence of correlation between pain 

improvement and the treatment prescribed to control motor symptom. This 

suggests that dopamine replacement therapy and DBS may work in both 

motor and NMS through different mechanism, or at the group level, in which 

responders do not have the same degree of improvement in these two types 

of symptoms12,174. In fact, for DBS, it has been recently shown that small 

differences in the volume of activated tissue within the subthalamic nucleus 

may influence on different cortical networks and potentially explain different 

effects in NMS and motor symptoms after DBS126,175,176. 



DISCUSSION - 55 

 

6.2 Clinical improvement 

Therapeutic measures to control PD-related pain are still very limited. 

A cross-sectional survey of pain in PD has revealed that dopaminergic 

treatment improves pain in approximately 35% of patients11,177. In spite of 

greater pain improvement, in numerical terms, in the group where 

transdermal rotigotine was administered, compared to placebo group, this 

double-blind, placebo-controlled pilot study with exploratory purposes using 

dopaminergic agonist did not observe statistically difference significance 

between the groups147. An open label study showed that duloxetine could be 

effective for treating pain in PD, however this outcome was not confirmed in a 

subsequent double-blind, randomized, placebo-controlled trial131,146. Still, the 

phase II study, also with double-blind, randomized, placebo-controlled design 

did not show significant relief of severe pain in PD patients using extended-

release oxycodone–naloxone. Also, nausea and constipation were more 

common in patients who received active treatment compared to those in the 

placebo group148. In a study using high-frequency repetitive transcranial 

magnetic stimulation (TMS), modulation of the primary motor cortex was 

attempted to reduce the musculoskeletal pain in PD patients. This was a 

double-blind, sham-controlled and randomized trial, and there was a 

significant analgesic effect in the active group compared to the sham one.  In 

the same way, there was a positive impact of the active treatment on motor 

and mood symptoms and in and overall disease severity155. DBS of the 

subthalamic nucleus decreases the prevalence of pain related to PD in 

approximately 50%, especially owing to reduction of dystonic, and 
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musculoskeletal pain12. Pain scores  had a 40% reduction in relation to the 

initial assessment in PD patients with chronic pain, who were implanted with 

DBS of subthalamic nucleus or of globus pallidus interna in a systematic 

review with meta-analysis153. Epidural SCS was tested in a series of cases, 

characterized by single arm and non-randomized study, followed up 

prospectively to treat predominantly neuropathic pain in PD patients. 

Electrodes in this study were implanted in the cervical or thoracic spine level, 

and the pain average scores reached the best results with a reduction of 59% 

in the subgroup of burst stimulation. This study also revealed that basic 

evaluations of gait after treatment showed a slight improvement in this 

subtype of motor symptom156. 

6.3 Mechanisms of spinal cord stimulation 

In the present study we chose to focus on pain relief effects of the 

bTsMS technique for PD-related chronic nociceptive pain, mainly the 

musculoskeletal pain, since it is the most common type of pain in PD 

patients. Treatment options for nociceptive PD pain are rare3,17,175,178, in spite 

of the significant negative impact on quality of life of patients17. Spinal cord 

neuromodulation possibly controls pain through potential segmental and 

suprasegmental mechanisms. In the first years of epidural SCS use, the 

analgesic effects of this technique, still with tonic stimulation, were assumed 

to be caused by stimulation of large-caliber myelinated fibers present in the 

dorsal columns of the spinal cord. This could lead to pain reduction according 

to the classic gate control theory of pain20. The main mechanism in this case 
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would be the action of inhibitory interneurons, present in superficial Rexed 

laminae of the dorsal horn of the spinal cord, which would block the 

transmission of the nociceptive impulse, and the role of wide-dynamic range 

(WDR) cells would be secondary. It was latter shown that the epidural SCS 

influenced the processing of several neurophysiological responses of the 

spinal cord, including autonomic and motor processing20. This led to a 

broader spread of the effects of the electric field on the spinal cord, which 

would probably be related to analgesic mechanisms20. Additionally, epidural 

SCS has significant effects on the vasomotor control, and it is used to treat 

chronic obstructive arterial disease, mainly the peripheral type, in cases 

where is no indication for revascularization surgery179 and as a potential 

adjunct treatment for orthostatic hypotension in atypical parkinsonism 

syndromes180. More recently, spinal cord stimulation with burst waves was 

shown not to directly influence the dorsal column activity, but they have a 

predominant effect on WDR neurons of the dorsal horn. Besides influencing 

the lateral spinothalamic tract, related to the sensory-discriminative 

component of pain, burst stimulation also modulates the medial 

spinothalamic pathway distinctively, with alteration of the function of cortical 

areas such as the cingulate gyrus and the prefrontal cortex, suggesting that 

spinal cord burst stimulation may involve extensive suprasegmental areas, 

including pathways for pain processing related to the affective 

dimension23,160. In experimental studies, the spinal stimulation-mediated 

analgesia was associated to increase in the release of inhibitory 

neurotransmitters, reduction of the activity in WDR cells, and activation of the 
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rostroventral medulla with descending nociceptive modulation181-183. In 

human studies, it has been demonstrated that epidural SCS inhibits the 

nociceptive flexor reflex (RIII), which is related to the level of treatment 

efficacy. Additionally, reduction in cortical excitability (somatosensory evoked 

potential-SEP) and a decrease in thalamic-to-cingulate connectivity were also 

reported, as a result of spinal stimulation22,184. Regarding effects of non-

invasive neuromodulation of the spinal cord by stimulation techniques other 

than theta-burst, studies have shown a reduction in corticospinal excitability 

measured from motor evoked potentials (MEP) arising from TMS in healthy 

individuals after non-invasive spinal stimulation185,186. Studies in animal 

models with spinal cord injury showed that rats that were receiving trans-

spinal magnetic stimulation (TsMS) had increased expression of growth-

associated protein-43, 5-hydroxytryptamine and more spinal cord axonal 

regeneration than rats under sham stimulation, which indicate the potential 

benefits of this approach for the recovery of the motor function187. However, 

so far there have not been studies to specifically test theta burst TsMS in 

experimental models of pain. For this reason, all the basic data available up 

to the moment originate from studies with classic patterns of stimulation. A 

reduction in MEPs has also been described in studies with transcutaneous 

spinal direct current stimulation (TsDCS) associated with reductions in 

SEPs188,189. Other studies have reported that TsDCS seems to have a 

segmental action on the spinal cord. This type of stimulation also leads to an 

increase in intracortical facilitation and reduction in intracortical inhibition189-

191. A study with anodal TsDCS in patients with chronic pain showed that 
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anodal stimulation, when compared to sham, decreases RIII linearly with a 

reduction in pain scores, having an impact on both the nociceptive 

processing and on the perception of pain192. These data suggest that both 

strategies of invasive and non-invasive spinal cord stimulation involve 

responses at the segmental, supra-segmental levels, and also neuro-humoral 

responses, which may be related to the potential analgesic effects of these 

treatment techniques. However, more studies with chronic pain patients are 

needed to determine if both approaches are equally effective. Our results 

indicate a more widespread analgesic effect of bTsMS applied to the level of 

C7, since the pain was similarly affected by the treatment in a positive way 

whether above or under the stimulated spinal cord segment. In spite of this 

solid basic science and clinical rationale, the exact mechanisms of action of 

the theta inhibitory burst stimulation delivered to the spinal cord through 

bTsMS is yet to be determined, and it is the aim of the current research. 
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6.4 Differences between theta burst trans-spinal magnetic stimulation 

and epidural burst spinal cord stimulation protocols 

An important methodological point is that bTsMS delivers fast ripples 

of induced electric currents, which are qualitatively different from the burst 

protocols of epidural SCS. In burst of epidural SCS, intra-burst pulses are 

delivered within the gamma frequency range of the electroencephalogram 

(EEG) (40-80Hz), while inter-burst frequencies may vary a lot, reaching high 

frequencies (2-1,200Hz)193. In bTsMS, pulses are similarly delivered within 

bursts at gamma frequency (e.g., 50Hz). However, inter-burst frequencies 

are at the EEG theta range, in 5Hz, which is called theta-burst stimulation in 

the TMS literature194. Using continuous theta-burst stimulation, as in the 

present study, it has shown to induce long-term depression-like plastic 

changes in TMS studies, both experimental and in humans. There is an 

increase in GABAergic inhibitory interneurons activity and a general 

decrease in cell membrane excitability26,163. Theta burst stimulation has been 

originally shown in studies with slices of animal hippocampus that it caused 

intense synaptic plasticity as it created a diffuse priming effect in sequential 

pulses delivered at the theta rhythm, and the direction of these plastic 

changes in pyramidal cells from the hippocampus would be stirred by 

excitement or depression, depending respectively on the presence of high or 

low calcium levels of (Ca2+) at the theta phase195,196. These effects would 

also receive great influence from the tonus of GABAergic interneurons197. 

These findings were successfully transposed to TMS in humans and clinical 

trials with repetitive therapeutic TMS, providing significant clinical outcomes. 
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Theta burst stimulation is currently one of the options to treat drug-resistant 

major depression, and it has been approved by the FDA and used around the 

world in several countries198. 

Another important difference between epidural SCS and bTsMS is that 

in the former, the electric current needs to pass through different structures 

such as the epidural tissue, and the cerebrospinal fluid, which may vary in 

thickness and impedance among people. These variables are known and 

taken into consideration when programming electrodes199. In bTsMS, the 

electric current is created and induced in the spinal cord or its proximity due 

to electromagnetic induction. This means that, once the stimulation intensity 

is configured in the device, there is a predictability of induction of recordable 

spinal cord evoked potentials. It is then certain that the spinal cord has been 

reached as target, regardless of electric variables of biological tissues such 

as impedance since the electromagnetic pulse is not affected by interposition 

of structures between the coil and the electric current induced by it200. 
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6.5 Adverse events and blinding 

Minor adverse events were reported in both the active and the sham 

groups. A single adverse event, pre-existing dizziness, which worsened after 

beginning bTsMS, directly led a patient to drop out of the trial in the active 

group. The only major side effect (death due to pulmonary embolism) was not 

considered to be specifically associated with the active treatment. Epidural 

SCS is used in patients with chronic arterial insufficiency and atherosclerosis 

as a means to improve blood flow, resulting from vasodilation of arterioles 

mediated by reduction in the activity of the sympathetic nervous system, and is 

considered safe in vasculopathy and in patients at risk for atherothrombosis or 

arterial occlusion201. However, side effects on the venous vascular system 

need to be carefully considered and actively monitored in future studies.  

Blinding is a major challenge in spinal cord stimulation studies, especially 

using non-invasive techniques. We created an original strategy as an attempt to 

reduce this potential source of bias. Two coils were used during the stimulation 

setup. Both coils were present during all stimulation sessions and were in 

specific configurations for each treatment group with the aim of simulating, in the 

sham group, the sound heard in the active group without the expected biological 

effect. Similar strategies were employed in studies on TMS163,202. Furthermore, 

the active TENS in both groups was used to mitigate the risk of unblinding by 

simulating paresthesia in the sham group, which is common in the active group. 

Effectiveness of the blinding strategy suggests that participants of the active 

group had a similar percentage of correct answers in relation to the stimulation 

group they were allocated, when compared to the sham group. 
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6.6 Limitations 

Several limitations of the current study should be considered. First, the 

exploratory nature of the present study should be taken into account. It was 

primarily focused on exploring the feasibility and temporal profile of the 

technique in PD patients with chronic nociceptive pain. The outcomes found 

here are valuable for conceiving and designing future trials. However, studies 

with small samples usually tend to overestimate the treatment effects, and 

this needs to be taken into account when interpreting results203. While we 

found an overall effect of active stimulation during the first eight weeks, this 

effect, in the analysis by treatment week, was only significant and mainly 

driven, for the period when stimulation was delivered on a daily basis, during 

induction sessions (e.g., after the first week of treatment). That means that 

the stimulation dosage for bTsMS is still to be determined, and currently it is 

not possible know whether our maintenance sessions have been adapted to 

keep the effects seen after induction, or if these effects will only exist during 

daily stimulations, not supported for periods of time longer than sessions 

separated for more than one day. Such distinction is very important for the 

future potential of this technique in the clinical practice. Follow-up of patients 

in this trial was short. Information about results beyond the 12 weeks of 

duration will help researchers better design larger studies with adequate 

long-term assessment of the bTsMS effects and its potential predictive effect 

for subsequent implantation of epidural SCS. Another point is that patients 

included in the current study could have pain in body segments above the 

stimulation level (e.g., C7). We decided to proceed with this strategy, based 
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on several facts. One is that while the body pain could be located above the 

C7, musculoskeletal (MSK) pain frequently leads to the referred pain. 

Therefore, the pain location often does not coincide spatially with the site of 

the injury. In addition, nociceptive pain in PD is mainly axially localized, and 

in more than one site17. Based on our data suggesting that the analgesic 

effects of spinal cord stimulation with theta burst waves are diffuse, we 

hypothesized that the effects would not be segmentally restricted. However, 

while it is generally known that epidural SCS may have neurophysiological 

suprasegmental effects, it is still not known whether the analgesic effects 

extend above the stimulation level in non-invasive trans-spinal stimulation 

techniques204-207. Our analysis comparing patients with pain predominantly 

located above C7 and those with pain located in parts of the body innervated 

by spinal cord segments below C7 were not different. Still, in view of the 

exploratory nature of the current trial and its consequent small sample, 

allegations that bTsMS has diffuse analgesic effects need to be carefully 

examined until larger samples are studied. Lastly, there was no mechanistic 

investigation of the effects of bTsMS in this study. Changes in 

neurophysiological parameters, psychophysical aspects and functional 

neuroimaging caused by bTsMS may provide valuable information in future 

studies to develop the technique. 
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According to the data presented in this dissertation, we may conclude 

the following points: 

- This pilot trial suggests lower-cervical bTsMS provided analgesia 

predominately within the first week of daily sessions. 

- bTsMS also showed a reduction in depressive symptoms. 

- There was an improvement in the patient’s clinical global 

impressions of change after bTsMS compared to control group. 

- bTsMS was safe in nociceptive pain in PD. 

- bTsMS, in the settings used in the present trial and with small 

sample, was not able to improve Parkinson motor symptoms 

severity, anxiety symptoms, and quality of life. However, there is a 

potential that should be explored in future studies. 

- More studies are needed to deepen knowledge about this technique 

as an adjunct therapy to nociceptive pain. 
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Attachment B - Raw data 

 

ID Randomization 
(1- Treatment/ 0-Sham) 

PCS (Catastrophism) 
total HADS - D total HADS - A total Final HADS - D total Final HADS - A total UPDRS total Final UPDRS 

 total 
1 1 13 8 9 1 3 14 25 
2 1 37 12 11 5 5 44 48 
3 1 30 10 8 5 5 31 34 
4 0 43 8 16 10 13 30 28 
5 0 44 13 20 17 14 61 50 
6 1 17 3 6 6 8 29 33 
7 1 12 2 5 2 4 35 38 
8 0 12 3 10 2 1 24 33 
9 0 32 6 9 10 5 36 48 

10 1 39 10 11 9 7 48 48 
11 0 39 5 11 8 6 29 43 
12 0 16 5 8 5 4 21 34 
13 0 30 6 6 7 6 67 78 
14 1 25 2 2 2 1 28 32 
15 1 26 8 5 8 4 59 39 
16 1 35 9 12 999 999 60 999 
17 1 35 5 10 0 1 64 41 
18 1 25 8 4 2 3 34 22 
19 0 48 21 15 18 16 10 10 
20 0 9 5 7 4 3 25 30 
21 0 29 15 10 14 7 20 26 
22 1 34 8 6 999 999 66 999 
23 1 23 7 11 999 999 47 999 
24 0 7 3 2 3 1 27 47 
25 0 10 1 2 6 3 47 29 
26 0 24 8 8 999 999 35 999 

continued on next page 
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continued from previous page 

ID EQ-5D-3L - Weights EQ-5D-3L - Health Score (0-100) Final EQ-5D-3L - Weights Final EQ-5D-3L - Health Score (0-100) 
1 0,4076 50 0,5865 70 
2 0,6167 67 0,7868 80 
3 0,3045 40 0,4914 60 
4 0,4076 80 0,3713 50 
5 0,1733 0 0,352 40 
6 0,4076 60 0,5548 70 
7 0,7368 85 0,522 60 
8 0,6667 95 0,754 95 
9 0,4576 60 0,4576 75 

10 0,4076 1 0,6192 50 
11 0,5695 75 0,5558 70 
12 0,4076 70 0,8512 75 
13 0,5195 30 0,3713 50 
14 0,4076 80 0,8512 90 
15 0,4076 60 0,5548 70 
16 0,3045 80 999 999 
17 0,4164 30 0,8512 99 
18 0,5695 50 0,8512 70 
19 0,5277 15 0,3545 10 
20 0,6896 70 0,8512 80 
21 0,3627 20 0,3545 70 
22 0,3045 50 999 999 
23 0,4076 80 999 999 
24 0,5695 80 0,522 60 
25 0,4664 60 0,5476 80 
26 0,5195 70 999 999 

continued on next page 
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continued from previous page 

ID Final EQ-5D-3L -  
Weights 

Final EQ-5D-3L -  
Health Score (0-100) 

Levodopa Equivalent Dose - 
Initial 

Levodopa Equivalent Dose - 
Final 

Blinding Asses (1- Tratment/ 2- Sham/ 3-
ignored) 

1 0,5865 70 1225 1225 1 
2 0,7868 80 400 400 1 
3 0,4914 60 850 900 1 
4 0,3713 50 1905 1905 2 
5 0,352 40 900 900 2 
6 0,5548 70 1100 1100 2 
7 0,522 60 600 600 1 
8 0,754 95 1400 1400 2 
9 0,4576 75 700 725 1 

10 0,6192 50 1564 1697 2 
11 0,5558 70 750 750 2 
12 0,8512 75 400 400 1 
13 0,3713 50 1320 1000 1 
14 0,8512 90 400 400 2 
15 0,5548 70 908 908 2 
16 999 999 975 999 999 
17 0,8512 99 1500 1375 2 
18 0,8512 70 150 400 1 
19 0,3545 10 300 300 2 
20 0,8512 80 300 550 2 
21 0,3545 70 1050 1150 3 
22 999 999 700 999 999 
23 999 999 650 999 999 
24 0,522 60 1300 1000 2 
25 0,5476 80 900 900 2 
26 999 999 948 999 999 

continued on next page 
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continued from previous page 

ID Blinding Asses - Maintence (1- Yes/ 2- No/ 3-ignored) CGI-I Physician (1- Much Better/ 2- Better/ 3- Sligthly Better/ 4- No alterations 
/ 5-Slightly Worse/ 6- Worse/ 7-Much Worse) 

1 1 1 
2 1 1 
3 1 5 
4 2 4 
5 1 3 
6 1 3 
7 1 2 
8 1 2 
9 1 4 

10 1 3 
11 1 3 
12 1 4 
13 1 5 
14 1 2 
15 1 4 
16 999 999 
17 1 1 
18 1 2 
19 1 3 
20 1 2 
21 3 2 
22 999 999 
23 999 999 
24 1 4 
25 1 3 
26 999 999 

continued on next page 
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continued from previous page 

ID CGI-I Patient (1- Much Better/ 2- Better/ 3- Sligthly Better/ 
4- No alterations/ 5-Slightly Worse/ 6- Worse/ 7-Much Worse) EVA - 1st Evaluation EVA - Event 6 EVA - Event 8 EVA - Event 12 EVA - Event 20 

1 1 7 1 3 3 2 
2 1 7 1 5 1 0 
3 4 6 3 5 2 7 
4 4 8 6 8 5 6 
5 3 7 4 5 6 4 
6 2 6 0 1 0 0 
7 2 7 6 5 3 2 
8 2 6 0 0 0 0 
9 4 7 5 3 7 5 

10 3 5 4 5 6 4 
11 4 7 6 4 7 6 
12 3 6 4 5 4 3 
13 3 8 5 2 3 2 
14 2 7 0 4 2 3 
15 3 4 5 4 4 4 
16 999 7 2 999 999 999 
17 1 10 7 4 3 2 
18 1 4 2 0 1 0 
19 3 7 6 4 5 6 
20 2 6 6 6 4 1 
21 3 5 6 5 0 0 
22 999 4 2 2 999 999 
23 999 6 7 7 7 999 
24 4 6 5 5 7 7 
25 999 10 0 5 5 7 
26 999 8 7 6 999 999 

continued on next page 
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continued from previous page 

ID EVA 
1 month later 

PDPSS 
Initial - total 

PDPSS 
Final total Efeitos Colaterais (0-não/1-sim) BPI - Initial - Pain Intensity Index BPI - Initial - 

Pain interference daily activity score 
1 4 42 2 0 62,5 67,14285714 
2 1 42 0 1 70 77,14285714 
3 7 36 42 1 55 78,57142857 
4 5 72 63 1 65 75,71428571 
5 7 63 16 0 70 97,14285714 
6 0 12 0 1 42,5 42,85714286 
7 2 42 8 0 70 64,28571429 
8 0 54 45 1 42,5 71,42857143 
9 4 42 20 0 50 71,42857143 

10 7 45 24 0 47,5 70 
11 6 63 54 0 55 55,71428571 
12 6 24 3 0 65 75,71428571 
13 1 72 2 0 60 90,71428571 
14 2 63 6 0 50 70 
15 4 24 16 0 32,5 36 
16 999 63 999 0 70 90 
17 2 90 2 0 90 82,85714286 
18 0 24 0 0 32,5 31,85714286 
19 5 63 54 0 77,5 75,71428571 
20 0 24 1 0 55 42,85714286 
21 7 20 0 0 35 42,85714286 
22 999 45 999 1 27,5 68,57142857 
23 999 36 999 0 62,5 71,42857143 
24 8 12 28 0 45 42,85714286 
25 8 20 28 0 50 85,71428571 
26 999 32 999 1 72,5 58,42857143 

continued on next page 
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conclusion 

ID BPI - Final - Pain Intensity Index BPI - Final - Pain interference daily activity score 
1 12,5 5,714285714 
2 0 0 
3 55 69,85714286 
4 75 88,57142857 
5 35 60 
6 0 0 
7 15 0 
8 32,5 28,57142857 
9 45 55,85714286 

10 45 74,28571429 
11 57,5 51,42857143 
12 15 0 
13 20 38,57142857 
14 22,5 14,28571429 
15 37,5 44,28571429 
16 999 999 
17 10 4,285714286 
18 0 0 
19 52,5 88,57142857 
20 10 1,428571429 
21 0 0 
22 999 999 
23 999 999 
24 44,75 35,71428571 
25 40 94,28571429 
26 999 999 
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Attachment D - Schedule study 
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Attachment E - Scales and questionaries 
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Attachment F - Side effect questionnaire 
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