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Introduction

Transcranial magnetic stimulation is a painless non-invasive brain stimulation technique used in cortical function in healthy 
individuals, inter alia and the pathophysiology of movement disorders [1]. It has been using for the treatment of a large variety of 
neurological and psychiatric diseases. In this study, we describe the mechanism of TMS techniques and discuss the clinical uses of 
TMS as a potential diagnostic tool in movement disorders. We also illustrate the basic rationale on which the therapeutic use of 
transcranial magnetic stimulation is based in a patients with movement disorders.

Transcranial magnetic stimulation (TMS) is a painless non-in-
vasive brain stimulation that affects the cerebral cortex but exclud-
ed deep structures [2]. Movement disorders patients, the applica-
tion of TMS has been to investigate the excitability of connections 
with the motor areas of the cortex and this revealed information 
on pathophysiology and inter-individual variability in the re-
sponses has resulted in difficulties in translating this method into a 
clinically applicable diagnostic use [2]. Cantello and colleagues re-
ported that repeated stimulation by 1 Hz for 25 minutes can result 
in long-term plasticity in the motor system; this led to increased 
in therapeutic applications. TMS uses magnetic field generator 
sends a current with peak amplitude of about 6000A to 8000A, 
that lasts about 1ms, through an induction coil placed on the scalp. 
Experimental evidence revealed the current creates a magnetic 
field that is perpendicular to the coil and this passes through the 
skull and induces an eddy current within the brain, parallel to the 
coil. However, sufficient intensity of stimulation must be used base 
on therapeutic use and the coil is held over the motor cortex, then 

descended downwardly and produced in the corticospinal path-
way, and evidence by activation of muscles via recorded by surface 
electromyography [3]. Several studies also stated that TMS appli-
cations have been developed to investigate the physiology of the 
motor system from simple concepts that are used in clinical prac-
tice to complex sample. TMS research evidence revealed the clinical 
understanding of the pathophysiology of movement disorders and 
tests of specific neural pathways. Other Studies revealed that TMS 
has been used to investigate mechanisms of synaptic plasticity in 
the cerebral cortex. Research from animals investigates the mecha-
nisms of synaptic plasticity by different applications of electrical 
stimulation delivered through microelectrodes [4]. There are two 
types of post-synaptic and this include the long-term potentiation 
(LTP) and long-term depression (LTD). Animal stimulation consis-
tently produce LTP with high frequency stimulation, that typically 
given in an intermittent way of 100 pulses at 100 Hz every 12s for 
fifteen trials, and longer periods of lower frequency stimulation are 
applied to produce LTD with 2 - 5 Hz pulses given continuously for 
15 - 25 minutes). The therapeutic way of inducing LTP in animal 

Citation: Opeyemi Oluwasanmi Adeloye., et al. “Transcranial Magnetic Stimulation in Patients with Movement Disorders: A Review of Observational 

Study". Acta Scientific Microbiology 3.8 (2020): 122-131.



Transcranial Magnetic Stimulation in Patients with Movement Disorders: A Review of Observational Study

123

studies is by theta burst stimulation with a stimulation pattern 
based on the firing arrangement that occurs in hippocampus neu-
rons in rats, particularly when exploring novel environments [5]. 
The principle mode is high-frequency of 60 - 100 bursts of 3 - 4 
pulses repeated at about 8-10 Hz. Transcranial magnetic stimula-
tors reproduce the stimulation mode seen used in LTP and LDP 
studies in animals has opened the possibility of investigating the 
same mechanisms in the brains of conscious human beings [4]. 

Repetitive transcranial magnetic stimulation (rTMS) 

The therapeutic tool in the specialty of movement disorders 
by creating long-lasting changes in the excitability of synapses 
within the motor system to modulate symptoms. There are differ-
ences between the type of stimulation that is used in animal stud-
ies and rTMS given to human beings. Firstly, study from Chen and 
colleagues, 2008 stated that the combination of high frequency 
and high-intensity stimulation used in animal studies can lead 
to seizures in human beings. Neuroimaging scientist consensus 
study agreed the safety guidelines set limits on the stimulation pa-
rameters to be used In human beings which stipulated that 5 Hz 
stimulation can induce an increase in cortical excitability that can 
outlast the stimulation by a few minutes and frequencies greater 
than 1 Hz are traditionally thought to induce LTP-like effects in hu-
man beings [6]. 

High-frequency stimulation impact

The uses of intermittently such as 200 pulses break for 1 min, a 
further 200 pulses, upwardly, up to the maximum permitted limit. 
This mode might be important with a standard protocol to de-
crease cortical excitability uses 1 Hz stimulation, usually given in a 
continuous train of about 800 - 1600 pulses. An alternative use of 
rTMS has been developed that was modeled on theta burst stimu-
lation in animals; the technique comprises short, repeating bursts 
of TMS pulse at 50 Hz. This seems to be a much quicker method to 
induce LTP-like or LTD-like changes, although has had limited use 
in therapeutic studies so far [6]. 

Literature Review on Effectiveness of rTMS

This also known as LTP-like or LTD-like, It stimulate indirectly 
for the effect of the stimulation at the level of the synapse in hu-
man beings instead of the effect by changes in mode (e.g. size of 
the motor evoked potential induced by a TMS shock of a particular 
intensity or changes in functional imaging parameters [1]. Many 

evidence claimed the effects between rTMS and LTP and rTMS and 
LTD which induced in animal studies. Example include, the effects 
of rTMS in humans beings can be modulated by NMDA antagonists, 
GABA antagonists, and electrical stimulation prior to rTMS in simi-
lar ways to LTP and LTD in animal studies [1]. The effects of some 
mode of rTMS can be modulated by muscle contraction during and 
shortly after the stimulation. This is applicable in the design of clin-
ical studies such as asking the patient to move immediately after 
stimulation may change the effect of rTMS. Clinical understanding 
of therapeutic rTMS studies shows technical structure: Firstly, the 
intensity of rTMS is related to the resting motor threshold (RMT), 
the minimum intensity of stimulation to the motor cortex evoke a 
response in the target muscle. Therefore, investigators might de-
scribe their stimulation application as “15 min of 1 Hz of rTMS giv-
en at 90% RMT” [1]. This means that TMS pulses were given con-
tinuously once per 15 min at an intensity of 90% of the RMT. Higher 
frequencies of stimulation, the total number of pulses divided into 
trains that separated by intertrain intervals of lengths. Secondly, 
studies used repeated sessions of rTMS in healthy individuals have 
shown that repeated sessions of rTMS of daily use can lead to a 
build-up of effects that enhance therapeutic benefits from a single 
application [7]. Thirdly, participants with epilepsy and pacemakers 
or deep brain stimulators are contraindicated with rTMS. However, 
research evidence stated the safety measures used TMS in patients 
with deep brain stimulators. Lastly, different investigators used 
placebo method of stimulation in therapeutic studies. Two major 
method identified: either a sham coil and makes a sound that dis-
charge of a real TMS coil; or a real TMS coil that is held on the edge 
on the scalp and that discharge certain energy into the brain. TMS 
given at high intensities with > 90% RMT induces a sensation on 
the scalp, which is not replicated by current placebo coil methods, 
thus leading to a potential problem with unmasking of participants. 
A coil that incorporates an electrical stimulator that produces scalp 
sensation but does not stimulate the brain has been developed to 
improve the similarity between real and sham rTMS [8].

Diagnostic applications of TMS in movement disorders

Established findings of TMS applications has been used to in-
vestigate the pathophysiology of movement disorder and have po-
tential diagnostic application for other conditions. There are dif-
ferent application method and techniques which include the motor 
thresholds, input-output curves, short intracortical inhibition, in-
tracortical facilitation, inter hemispheric inhibition, and silent pe-
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riod. Chen and colleagues investigated the response of the motor 
system to single sessions of repetitive TMS to assess the sensitivity 
of the motor system to plastic changes, rather than look for any 
therapeutic effect of this stimulation. Also, Cantello., et al. study re-
vealed the techniques and the information with regard to the state 
of the motor system that they can each provide. Cantello stated 
further that the most important potential diagnostic application 
of TMS can be to useful to distinguish patients who have similar 
symptoms and different underlying causes of their movement dis-
order, for example, patients with Parkinson’s disease (PD) and dys-
tonia. Andrew in 2013 reported the important in a clinical setting 
and importance between patients with PD and progressive supra-
nuclear palsy (PSP) in a clinical settings. A Research concerns was 
particularly in movement disorder and whether TMS might help 
to distinguish between movement disorders with organic or psy-
chogenic causes. In contrast, the studies of clinically relevant con-
cerns were investigated and the data are frequently not sufficient 
specificity and sensitivity to lead to the application of the tests in a 
clinically diagnostic way in individual patients. 

Differentiation of parkinsonism conditions

A common research clinical findings expatiate difficulty in dif-
ferentiating patients with different parkinsonian conditions. The 
differentiation between PD and atypical parkinsonism can be clini-
cally difficult, particularly in the early stages; this has important 
ramifications for the patient in terms of treatment and prognosis. 
A further clinical conundrum, although the importance to the pa-
tient is the challenges of differentiate the different causes of atypi-
cal parkinsonism whether is PSP, multiple system atrophy [MSA], 
and corticobasal degeneration [CBD]). 

Observational analysis and results in motor disorder (A re-
view of different studies)

Kuhn and colleagues investigated the response to a range of 
TMS protocols in 13 patients with MSA, 18 with PSP, 13 with CBD, 
and 15 with PD. Clear differences were found among the groups: 
patients with PSP and MSA had diagrammatical stare input-output 
curves than other groups; patients with CBD had higher resting 
thresholds and lager input-output curves than did other groups; 
the silent period was short; and transcallosal inhibition was low in 
patients with CBD. By contrast, patients with PSP or MSA had pro-
longed silent periods. Wolters and colleagues found abnormalities 
of transcallosal inhibition in patients with CBD or PSP that were 

not seen in patients with MSA or PD. Intracortical inhibition was 
abnormal in all groups of patients assessed by Kuhn and colleagues, 
similar to previous findings in patients with PD and atypical par-
kinsonism changes. Despite these major group differences, there 
was overlap among test results on all of these measures in patients 
with different diagnoses, even though these patients were typical 
clinical cases and not early patients with few symptoms where the 
clinician would require other help in diagnosis from any potential 
TMS test. Kuhn., et al. [10] study data are of interest pathophysi-
ologically and the results suggest that the solution to the main clini-
cal problem distinguishing between PD and atypical Parkinsonism 
by the application of TMS. Eusebio and colleagues investigated 
2013 diagnosis of MSA with TMS techniques and focused on the 
possible implication of the corticospinal tract in MSA, as shown by 
the results of previous clinical and pathological studies. The triple 
stimulation test (TST) was used and more sensitive measure of cor-
ticospinal conduction than CMCT. Eusebio and colleagues in 2014 
stated further that the results of the TST were more commonly ab-
normal in patients with MSA than in those with PSP or PD. In a well-
managed patients there was clear overlap among different groups, 
with several patients with MSA having normal TST results, whereas 
no patients with PD or PSP had an abnormal TST result. None of 
these studies in patients with atypical parkinsonian conditions has 
confirmed the eventual diagnosis with autopsy; this would clearly 
be a complex and time-consuming study to undertake. The clinical 
diagnosis of patients with atypical parkinsonian conditions, par-
ticularly CBD and PSP but also in patients with a typical clinical 
phenotype, is difficult and frequently incorrect. Thus, the useful-
ness of these techniques is again called into question, and perhaps 
would only be answered by an, admittedly difficult, study of a se-
ries of TMS (and perhaps other) techniques delivered repeatedly 
to patients with parkinsonism that varies from early symptoms to 
late disease, followed by autopsy confirmation of the underlying 
diagnosis. Espay and colleagues used several electrophysiological 
techniques, including TMS, to test a group of patients with psy-
chogenic dystonia, to compare them with patients with organic 
dystonia. TMS measures of intracortical inhibition, intracortical fa-
cilitation, and silent period were abnormal in patients with either 
psychogenic or organic dystonia. The results of this study raise sev-
eral questions with regard to the pathophysiology of psychogenic 
dystonia; however, from a clinical standpoint, these results indicate 
that TMS tests are not yet suitable to aid the diagnosis of these 
patients. Dystonia is characterised by involuntary muscle spasms 
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that lead to an abnormal posture of the affected body part. Clinical 
phenotypes, which range from focal dystonia to severe generalised 
dystonia. Patients with psychogenic dystonia might have underly-
ing personality disorders or other psychiatric disturbances. In this 
regard, there is a correlation between a personality dimension 
that is related to negative emotion and anxiety and intracortical 
inhibition in a sample from the general population. TMS measures 
used so far give little to the clinician in terms of diagnostic tools 
for patients with movement disorders. The TST could potentially 
be of benefit to diagnose patients with MSA but whether the test 
can correctly identify patients with the early symptoms of MSA is 
unknown. The success of this test is perhaps unlikely because TST 
is a measure where abnormalities correlate with severity of clini-
cal symptoms. If confirmed in a larger series of patients, the TST 
could be a useful screening tool in patients with prolonged CMCT 
and with mutations in PARK2, particularly because such mutations 
are a relatively common cause of young-onset PD. There are other 
areas of for TMS. 

TMS study models designs and paradigms in physiological 
and pathological studies

TMS studies investigated by Robertson., et al. 2003 follow a 
model design and stipulated a set of measures for cognitive task, 
motor or visual excitability and is compared without/with the im-
pact of TMS-induced interference effects applied to a given cortical 
area. We are considering the physiological rationale of reversible 
nature of rTMS effects on the TMS targeted region and its associ-
ated network and the same mode of measures performed at base-
line, under TMS before or after stimulation, and after recovery may 
be statistically compared in classical pre-post and recovery (A-B-A 
configuration) designs. The same population of participants be-
comes its own reference population, so that potential bias related 
to between participant variability when comparing to indepen-
dent control groups is limited or null. However, intra-individual, 
test-retest variability is essential to consider and needs further 
study. Three main types of TMS studies are used to determine 
causal relationships between targeted cortical areas and cognitive 
tasks or measurable physiological signals (Robertson., et al. 2003). 
A demonstrative example of a TMS study using the three modali-
ties, on-line, off-line and chronometric. The mode to consider by 
the goal is to study the cerebral areas causally involved in a detec-
tion and localization task in which the target is presented in the 
left or right visual field unilaterally or bilaterally. TMS coil is has 

been applied over the right Intraparietal Sulcus (IPS) on the poste-
rior parietal human cortex. Exist evidence identified three possible 
study designs. In the on-line study, high-frequency pulses are de-
livered on the area at each trial, in a continuous way in the period. 
Preceding and following target presentation. In the off-line study. 
Participants’ performance is assessed on a significant number of 
trials in the same task immediately before and after TMS. In the 
chronometric study single pulses or short trains of rTMS are deliv-
ered to a given brain area at distinct time intervals [7].

Other potential clinical uses

TMS techniques genetically used to identify unaffected carri-
ers and genetics finding stated genes that cause dystonia have low 
penetrance and there are unaffected gene carriers within affected 
families. the genes that are already known in unaffected carriers 
easily identified and given appropriate genetic counseling. There 
are some families where the genetic cause is idiopathic. What an-
swer can we provide for these? Observational studies so far, it is 
possible that individuals who are at risk in families with genetic 
dystonia could be screened with TMS techniques, and the unaf-
fected carriers identified. Many studies show that patients with 
dystonia caused by mutations in TOR1A shows excessive response 
to rTMS, and the response lasts longer than that in healthy controls. 
Although, Another hypothesis from patients with dystonia caused 
by mutations in TOR1A, where unaffected carriers seem to have 
similar abnormalities on some TMS measures (e.g. intracortical in-
hibition and silent period) as does unaffected carriers. Unaffected 
gene carriers who are of an age less than 28 years. are unlikely to 
show symptoms have a completely different response to rTMS; 
rather, they show almost no change with stimulation [7]. This dif-
ference, it is possible to be present from birth and potentially able 
for identification of the dystonic syndrome in childhood before 
any symptoms have developed, and potentially allow differentia-
tion of those patients with TOR1A who likely to develop dystonia 
and those unlikely to develop symptoms. Research in animal mod-
els of PD show differences in the response to repetitive electrical 
stimulation among animals that develop dyskinesia in response to 
levodopa and those that do not. If such differences are also seen in 
human beings with PD, it might be possible to use TMS techniques 
to stratify patients into high-risk or low-risk of developing levodo-
pa-induced dyskinesia before treatment is started, which could be 
used to help guide treatment choices. Finally, TMS might also help 
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the diagnostic categorisation of patients with attention-deficit 
hyperactivity disorder (ADHD), commonly seen in patients with 
Tourette’s syndrome [7]. Being homozygous for a particular poly-
morphism in SLC6A3 is associated with a risk of ADHD and poor 
behavioural response to methylphenidate. In one study of changes 
in intracortical inhibition after a single dose of methylphenidate, a 
clear increase in intracortical inhibition seen only in children with 
ADHD who were heterozygous for the SLC6A3 polymorphism, 
with no response seen in the children who were homozygous. This 
shows how a simple TMS measure could be used to help categorise 
patients with ADHD and possibly predict their response to medica-
tion.

Therapeutic applications of rTMS in patients with movement 
disorders 

Parkinson’s disease is a neurological movement disorders and 
clinical attention on rTMS therapeutic studies is widely accepted 
as part of the management. The therapeutics application of rTMS 
in patients with PD are reviewed, followed by observational evi-
dence for use of rTMS to treat motor and non-motor symptoms of 
PD. Physiological evidence for rTMS and the pathological process 
that underlies PD causes widespread dysfunction of the brain and 
that particularly affects processing in the cortico basal ganglial 
loops. Experimental evidence has focused more on motor symp-
toms of PD [10], although a few percentage of disability in PD is 
due to non-motor symptoms such as depression. Depression man-
agement with TMS has been discussed in another study. Functional 
imaging studies identified hypometabolism within the supplemen-
tary motor area (SMA) and the prefrontal cortex during movement 
in patients with PD and caused by the primary dysfunction in the 
basal ganglia. Management for PD with medication such as le-
vodopa reverse many changes in both human beings and animals 
trials. rTMS excitatory has a similar effect translated into an im-
provement in clinical (motor) symptoms (Cuhn., et al. 2007). rTMS 
has capability of inducing dopamine release from the basal ganglia 
in healthy individuals, the application of 15 Hz of rTMS over the 
motor cortex (M1)36 or the dorsolateral prefrontal cortex (DLP-
FC)37 induced ipsilateral dopamine release from the putamen and 
caudate, respectively, as measured by raclopride binding [11]. A 
similar effect has been shown in patients with PD after stimula-
tion of the motor cortex. In one of these studies, decreased raclo-
pride binding was seen bilaterally, despite rTMS stimulation being 

given to only one motor cortex. One interpretation of this finding is 
that it shows a placebo effect of stimulation; an alternative inter-
pretation is that the actual effects of rTMS are different in patients 
with PD compared with healthy individuals. Bilateral decreases in 
raclopride binding have also been shown in patients with PD who 
received sham rTMS. The possible placebo effect of rTMS empha-
sizes the need for adequate sham control conditions in rTMS thera-
peutic studies [10]. Evidence of human Model of PD, that levodo-
pa-induced dyskinesia represent abnormal plasticity in the motor 
system. Many literatures with rTMS have specifically looked at the 
potential application of brain stimulation in PD patients with dys-
kinesia. Therapeutic trials of motor symptoms: single-session stud-
ies. Early studies of the potential therapeutic application of rTMS in 
PD investigated changes in parkinsonian motor symptoms during a 
high-frequency of 5 Hz with low-intensity rTMS protocol delivered 
once over the M1, with the aim to increase excitability. The results 
were inconsistent, and subsequent research focused on the possi-
bility of using rTMS to induce effects that could outlast the stimula-
tion [7]. We only have little method in the inclusion criteria, stimu-
lation protocols, outcome measures, and overall study design. In 
most study, the hand motor area (M1) contralateral to the affected 
body side was chosen as the target, and excitatory and inhibitory 
rTMS were applied. After all applications of real rTMS, a 10 - 30% 
improvements was shown in most studies with outcome measures, 
with no effects after sham stimulation. In another case study, the 
duration of these effects was not tested, but this was probably 25 
min or lesser. In another investigation, measures of corticospinal 
excitability were used: the effects of rTMS on corticospinal excit-
ability were generally weak or absent, depending on whether the 
patients were studied on or off medication, although some degree 
of normalisation in the activity of inhibitory cortical circuits was 
shown and electrophysiological and behavioural changes seen in 
the studied conducted by Magistris and his colleaques in 1998. Re-
sults from all the studies shows that patients with PD needed to 
be on medication for rTMS to affect their cortices in the way ex-
pected from studies in healthy individuals. This is important for 
the design of future therapeutic studies and standard for induction 
of plasticity in animal studies is aided by dopamine receptor acti-
vation [10]. motor symptoms clinical trial: multiple-session stud-
ies inconsistency of the single-session results, the transient clini-
cal gains seen in some studies after a single session of rTMS have 
encouraged long-term treatment studies in patients with PD. The 
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basic effects of rTMS build-up and gradually restore the abnormal 
cortical excitability or corticocortical connectivity, or both, that 
results from the underlying pathological process in PD. In a single-
session studies, a range of targets and stimulation protocols have 
been tested and validate as standard by America Neuroimaging 
Scientist Association. The common target is the M1 and in most 
instances the hand and leg areas have been stimulated bilaterally 
during the same session. In one clinical study, M1 stimulation was 
combined with DLPFC stimulation [10]. There are methodological 
differences such as excitatory (high-frequency) rTMS can improve 
upper-limb bradykinesia, gait speed, and the score in the motor 
section of the unified Parkinson’s disease rating scale (UPDRS); 
these improvements range from 10% to an impressive 40% for 
some of the outcome measures. In rare occasions, improvements 
were shown to last for up to 1 month after the end of the stimula-
tion regimen, but were gradually lost. eventually, results have not 
been same, and some stimulation standard and regimen protocols 
have shown no benefit after rTMS. The choice of stimulation pa-
rameters was frequently based on safety concerns rather than on 
objective measures of excitability. For example, the hand and the 
leg motor area were stimulated with the same intensity; however, 
higher stimulation intensities are usually necessary for the pulse 
to reach the leg motor area, which is deep in the wall of the central 
sulcus. rTMS might have remote as well as focal consequential ef-
fects, and thus it is highly probable that the response of a cortical 
area to a standard rTMS train of pulses might be diff erent if pre-
ceded by another rTMS train given to a functionally relevant area; 
this results in difficulty in predicting the consequences of sequen-
tial arm area stimulation followed by leg area stimulation. The ef-
fects on clinician-based measures of function can be generally seen 
after rTMS in patients with PD [10].

However, what the benefit of rTMS is on functional outcome in 
PD is not examine, nor is there neuroimaging scientist consensus 
about which symptoms are responsible for rTMS. Conclusively, 
rTMS will offer more benefit in the therapy for PD currently on 
medications is still questionable. Although, Clinical trials of le-
vodopa-induced dyskinesia explained in Three different studies 
which specifically identified and investigates the effect of rTMS 
protocols on the severity of levodopa induced dyskinesia. Koch 
and colleagues found that a single session of rTMS at 1 Hz to the 
SMA bilaterally lowered the severity of dyskinesia for 30 min af-
ter stimulation. Therefore, 66% reduction in dyskinesia scale, as 

judged by reviewers of video footage who were unaware of the 
stimulation protocol at 15 minutes post-stimulation (Andrew., et 
al. 1998). No side effect was seen after sham stimulation. Dyskine-
sia worsened after stimulation with 5 Hz. In a follow-up paper, 43 a 
transient effect of a single session of 1 Hz stimulation over the SMA 
was again seen, by contrast with sham stimulation. However, daily 
sessions of the same stimulation for 5 days shows insignificant cu-
mulative effect from patient diaries of dyskinesia occurrence and 
severity. Rektorova and colleagues assessed the effect of high fre-
quency of 10 Hz stimulation of the DLPFC or motor cortex, given as 
daily sessions for 5 days, on gait and bradykinesia in patients with 
PD. The intervention shows insignificant benefit and the study was 
terminated early. Also, in another separate report, these investiga-
tors detailed the effect of DLPFC stimulation on dyskinesia in four 
patients: all reported a subjective improvement in dyskinesia and 
a non-significant reduction in the UPDRS IV (motor complications 
subscale) score after the 5 days of treatment. Dystonia is a move-
ment disorder in which involuntary movement contraction cause 
uncontrolled twisting or abnormal postures (Cheu., et al, 2008). 
Dystonia may be focal, involving just one region such as the head, 
neck or face. The pathophysiology of dystonia can be categorized 
in inherited (i.e. autosomal dominant, recessive, x-linked or mito-
chondrial) Acquired (i.e. vascular, iatrogenic, neoplastic, traumatic 
or psychologenic and idiopathic (sporadic or familiar) (Aibanese., 
et al. 2013). Four different studies have assessed the effects of 
rTMS in patients with dystonia: two in patients with focal hand dys-
tonia, one in patients with axial dystonia, and one in patients with 
cervical dystonia. Focal hand dystonia is difficult to treat pharma-
cologically or with injections of botulinum toxin, and an alternative 
form of treatment is clearly needed. Siebner and colleagues used 
inhibitory rTMS applications over the motor, premotor, and supple-
mentary motor cortices in patients with focal hand dystonia. Sham 
method was used in both studies. After one session of rTMS over 
the motor cortex. There was a significant improvement using rTMS 
Allam and colleagues identified a case of 37-year-old man with 
segmental dystonia that affected the neck and right arm who was 
treated with an identical regimen. The patient had a moderate im-
provement in symptoms and function relating to improvement in 
the neck dystonia for 4 months after the stimulation; no improve-
ment was noted in the right dystonia. Tourette’s syndrome. The re-
sults of electrophysiological and imaging studies have shown corti-
cal hyperexcitability in patients with Tourette’s syndrome [10]. In 
electrophysiological terms, this this has been shown by a reduction 
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in short intracortical inhibition and afferent inhibition. Functional 
imaging of patients with Tourette’s syndrome has detected activity 
in supplementary motor and limbic areas before tics. These find-
ings have encouraged the clinical use of rTMS in a few related stud-
ies with a wide range of stimulation parameters [7]. Results from 
three studies that included with no sham stimulation condition 
reported no major effect of rTMS stimulation compared with sham 
stimulation. Two of these studies used low-frequency stimulation 
of the premotor area, with slightly different parameters, together 
with a rating of tic severity by clinicians and patients. Stimulation 
was given once a day for 2 days. The results of these two studies 
as well as those from Chae and colleagues of a variety of stimu-
lation frequencies and sites, including a sham condition showed 
a clear placebo effect with sham stimulation, indicating that pla-
cebo responses to rTMS are important in patients with Tourette’s 
syndrome. An uncontrolled trial and a follow-up study of rTMS 
given over the SMA showed impressive reductions in tic severity 
scales, including complete remission of tics in two patients after 
2 weeks of treatment, in patients resistant to other forms of treat-
ment. These promising results have not, as yet, led to a placebo-
controlled trial [7].

Chorea

The use of rTMS in chorea has been reported in many litera-
tures. The clinical importance of rTMS in chorea has been reported 
in two studies conducted by Osaki and his colleaques: one labelled 
study in patients with Huntington’s disease and one single-case 
report of a patient with post-stroke hemichorea. Brusa and col-
leagues applied parameter of either 1 Hz to 5 Hz, or sham rTMS 
over the SMA on 3 consecutive days to four patients with Hunting-
ton’s disease. Recording videos were taken at baseline and at dif-
ferent time points after stimulation (15, 30, 45 and 60 minutes), 
and were assessed by raters, who were unaware of the stimulation 
type or timing of the video. A clear reduction was seen in the cho-
rea subscale of the unified Huntington’s disease rating scale (UH-
DRS) with 1 Hz stimulation at 15 min post-stimulation of mean of 
13 points at baseline; mean of 6 points at 15 min, and no change 
was seen with sham or 5 Hz stimulation. In a single case report 
of a patient with hemichorea secondary to a midbrain or caudate 
haemorrhage, In another cross-sectional study, which included 
ten patients with essential tremor, a single session of 1 Hz of rTMS 
given over the cerebellar vermis was compared with a sham rTMS 
condition. Masked clinician ratings detected improvement with a 

standard tremor scale and accelerometry ratings of the strength of 
the tremor at 5 min after rTMS, but not after sham stimulation [12]. 
No difference between sham and real stimulation was seen at 60 
minutes. The intensity used for the stimulation of full percentage of 
stimulator output was high; therefore, whether participants might 
have been able to tell the difference between real and sham stimu-
lation is debatable. Furthermore, when stimulating over the cer-
ebellum, it is difficult to determine whether any deeper structures 
will have been affected. Cortical tremor is a myoclonic condition 
that is frequently familial and is associated with progressive ataxia 
and epilepsy. Patients commonly have a postural “tremor”, which is, 
in fact, a small amplitude repetitive myoclonus. Associated cortical 
discharges occur, and the disorder is classified as a form of corti-
cal myoclonus [13]. 1 Hz of rTMS over the premotor but not the 
motor cortexin one patient with cortical tremor produced a sub-
stantial reduction in the spectral power of the tremor that lasted 
for at least 75 minutes after stimulation. In another study, where 
premotor stimulation was given once per day for 2 days, there was 
a cumulative beneficial effect on the spectral power of the tremor, 
although the tremor was more severe at baseline on the beginning 
of day two than it was on the beginning of day one. The patient also 
reported benefit in daily activities (i.e. drinking and brushing hair), 
which were sustained for about 1 week. The clinical and therapeu-
tic benefit of rTMS of 14 Hz over the DLPFC in daily sessions for 5 
days in a patient with depression and tardive dyskinesia has been 
reported effective. This unmasked study showed an improvement 
in the Simpson-Gardos clinical rating scale score for tardive dys-
kinesia that lasted for about 5 days after the end of the final rTMS 
session [14-49].

The observational view

Observational studies discussed in this review elucidate the 
benefit of rTMS and placebo effects after sham stimulation. Many 
studies have explained the mimic experience over time but there is 
a need to know the physiological rationale behind the mechanism. 
Many participants noted sensation when high stimulation intensi-
ties are used and produce more sensory stimulation of the scalp. 
Although, there are protocols that uses regular and burst stimula-
tion with low stimulation intensities, and I will encourage for fu-
ture trials. What are the method adopted for the therapeutic use 
of rTMS and clinical outcome measure? We would suggest the use 
of outcome measure to identify improvement and easy parameter 
mode for movement disorder condition. 
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Conclusion
We reviewed the published evidence for the use of TMS and 

rTMS in patients with movement disorders with observational 
studies. An observational question to ask at this point is where are 
we now in relation to the diagnostic and therapeutic applications 
of rTMS? The answers to this question raise important concerns 
for TMS researchers and might help to focus TMS research on ar-
eas with the highest potential benefit.

Acknowledgment
We thank Roseline Adeloye my wife for technical support with 

literatures review, I also appreciate my lovely daughter Evelyn 
Adeloye for assistance with detailed explanation of the review.

1. Cantello R., et al. “Transcranial magnetic stimulation and Par-
kinson’s disease”. Brain Research Review 38 (2002): 309-327.

2. Ziemann U., et al. “Mechanisms of deafferentation-induced 
plasticity in human motor cortex”. Journal of Neuroscience 18 
(1998): 7000-7007.

3. Lefaucheur JP. “Motor cortex dysfunction revealed by corti-
cal excitability studies in Parkinson’s disease: influence of 
antiparkinsonian treatment and cortical stimulation”. Clinical 
Neurophysiology 116 (2005): 244-253.

4. Wolters A., et al. “Measurements of transcallosally medi-
ated cortical inhibition for differentiating parkinsonian syn-
dromes”. Movement Disorders 19 (2004): 518-528.

5. Cantello R. “Applications of transcranial magnetic stimulation 
in movement disorders”. Journal of Clinical Neurophysiology 
19 (2002): 272-293.

6. Edwards MJ., et al. “Different patterns of electrophysiological 
deficits in manifesting and non-manifesting carriers of the 
DYT1 gene mutation”. Brain 126 (2003): 2074-2080.

7. Rossi S., et al. “A real electro-magnetic placebo (REMP) device 
for sham transcranial magnetic stimulation (TMS)”. Clinical 
Neurophysiology 118 (2007): 709-716.

8. Chen R., et al. “The clinical diagnostic utility of transcranial 
magnetic stimulation: report of an IFCN committee”. Clinical 
Neurophysiology 119 (2008): 504-532.

9. Kuhn AA., et al. “Comparison of motor effects following sub-
cortical electrical stimulation through electrodes in the globus 
pallidus internus and cortical transcranial magnetic stimula-
tion”. Experimental Brain Research 155 (2004): 48-55.

10. Wassermann EM. “Risk and safety of repetitive transcranial 
magnetic stimulation: report and suggested guidelines from 
the International Workshop on the Safety of Repetitive Tran-
scranial Magnetic Stimulation, June 5-7, 1996”. Clinical Neuro-
physiology 108 (1998): 1-16.

11. Magistris MR., et al. “Transcranial stimulation excites virtually 
all motor neurons supplying the target muscle. A demonstra-
tion and a method improving the study of motor evoked po-
tentials”. Brain 121 (1998): 437-450.

12. Osaki Y., et al. “Accuracy of clinical diagnosis of progressive 
supranuclear palsy”. Movement Disorders 19 (2004): 181-189.

13. Baumer T., et al. “Repeated premotor rTMS leads to cumulative 
plastic changes of motor cortex excitability in humans”. Neuro-
image 20 (2003): 550-560.

14. Cooke SF and Bliss TV. “Plasticity in the human central nervous 
system”. Brain 129 (2006): 1659-1673.

15. Huang YZ., et al. “Theta burst stimulation of the human motor 
cortex”. Neuron 45 (2005): 201-206.

16. Huang YZ., et al. “The after-effect of human theta burst stimu-
lation is NMDA receptor dependent”. Clinical Neurophysiology 
118 (2007): 1028-1032.

17. Siebner HR., et al. “Preconditioning of low-frequency repeti-
tive transcranial magnetic stimulation with transcranial direct 
current stimulation: evidence for homeostatic plasticity in 
the human motor cortex”. Journal of Neuroscience 24 (2004): 
3379-3385.

18. Huang YZ., et al. “Effect of physiological activity on an NMDA-
dependent form of cortical plasticity in human”. Cerebral Cor-
tex 18 (2008): 563-570.

19. Tisch S., et al. “Pallidal stimulation modifies after-effects of 
paired associative stimulation on motor cortex excitability in 
primary generalised dystonia”. Neurology 206 (2007): 80-85.

Citation: Opeyemi Oluwasanmi Adeloye., et al. “Transcranial Magnetic Stimulation in Patients with Movement Disorders: A Review of Observational 

Study". Acta Scientific Microbiology 3.8 (2020): 122-131.

https://www.jneurosci.org/content/18/17/7000
https://www.jneurosci.org/content/18/17/7000
https://www.jneurosci.org/content/18/17/7000
https://pubmed.ncbi.nlm.nih.gov/15661100/
https://pubmed.ncbi.nlm.nih.gov/15661100/
https://pubmed.ncbi.nlm.nih.gov/15661100/
https://pubmed.ncbi.nlm.nih.gov/15661100/
https://onlinelibrary.wiley.com/doi/abs/10.1002/mds.20064
https://onlinelibrary.wiley.com/doi/abs/10.1002/mds.20064
https://onlinelibrary.wiley.com/doi/abs/10.1002/mds.20064
https://pubmed.ncbi.nlm.nih.gov/12436085/
https://pubmed.ncbi.nlm.nih.gov/12436085/
https://pubmed.ncbi.nlm.nih.gov/12436085/
https://pubmed.ncbi.nlm.nih.gov/12821514/
https://pubmed.ncbi.nlm.nih.gov/12821514/
https://pubmed.ncbi.nlm.nih.gov/12821514/
https://pubmed.ncbi.nlm.nih.gov/17188568/
https://pubmed.ncbi.nlm.nih.gov/17188568/
https://pubmed.ncbi.nlm.nih.gov/17188568/
https://pubmed.ncbi.nlm.nih.gov/18063409/
https://pubmed.ncbi.nlm.nih.gov/18063409/
https://pubmed.ncbi.nlm.nih.gov/18063409/
https://pubmed.ncbi.nlm.nih.gov/9549520/
https://pubmed.ncbi.nlm.nih.gov/9549520/
https://pubmed.ncbi.nlm.nih.gov/9549520/
https://pubmed.ncbi.nlm.nih.gov/9549520/
https://pubmed.ncbi.nlm.nih.gov/14978673/
https://pubmed.ncbi.nlm.nih.gov/14978673/
https://pubmed.ncbi.nlm.nih.gov/14527615/
https://pubmed.ncbi.nlm.nih.gov/14527615/
https://pubmed.ncbi.nlm.nih.gov/14527615/
https://pubmed.ncbi.nlm.nih.gov/16672292/
https://pubmed.ncbi.nlm.nih.gov/16672292/
https://pubmed.ncbi.nlm.nih.gov/15664172/
https://pubmed.ncbi.nlm.nih.gov/15664172/
https://pubmed.ncbi.nlm.nih.gov/17368094/
https://pubmed.ncbi.nlm.nih.gov/17368094/
https://pubmed.ncbi.nlm.nih.gov/17368094/
https://www.jneurosci.org/content/24/13/3379
https://www.jneurosci.org/content/24/13/3379
https://www.jneurosci.org/content/24/13/3379
https://www.jneurosci.org/content/24/13/3379
https://www.jneurosci.org/content/24/13/3379
https://pubmed.ncbi.nlm.nih.gov/17573373/
https://pubmed.ncbi.nlm.nih.gov/17573373/
https://pubmed.ncbi.nlm.nih.gov/17573373/
https://www.sciencedirect.com/science/article/abs/pii/S0014488607001392
https://www.sciencedirect.com/science/article/abs/pii/S0014488607001392
https://www.sciencedirect.com/science/article/abs/pii/S0014488607001392


Transcranial Magnetic Stimulation in Patients with Movement Disorders: A Review of Observational Study

130

20. Kuhn AA., et al. “Patterns of abnormal motor cortex excitabil-
ity in atypical parkinsonian syndromes”. Clinical Neurophysi-
ology 115 (2004): 1786-1795.

21. Eusebio A., et al. “Assessment of cortico-spinal tract impair-
ment in multiple system atrophy using transcranial magnetic 
stimulation”. Clinical Neurophysiology 118 (2007): 815-823.

22. Osaki Y., et al. “Do published criteria improve clinical diag-
nostic accuracy in multiple system atrophy?” Neurology 59 
(2002): 1486-1491.

23. De RA., et al. “Neurophysiological evidence of corticospinal 
tract abnormality in patients with parkin mutations”. Journal 
of Neurology 253 (2006): 275-79.

24. Schneider SA., et al. “Motor cortical physiology in patients and 
asymptomatic carriers of parkin gene mutations”. Movement 
Disorders.

25. Brown P and Thompson PD. “Electrophysiological aids to the 
diagnosis of psychogenic jerks, spasms, and tremor”. Move-
ment Disorders (2001).

26. Schrag A., et al. “The syndrome of fixed dystonia: an evalua-
tion of 103 patients”. Brain 127 (2004): 2360-2372.

27. Espay AJ., et al. “Cortical and spinal abnormalities in psycho-
genic dystonia”. Annuals of Neurology 59 (2006): 825-834.

28. Wassermann EM., et al. “Motor cortex excitability correlates 
with an anxiety-related personality trait”. Biological Psychia-
try 50 (2001): 377-382.

29. Edwards MJ., et al. “Abnormalities in motor cortical plasticity 
differentiate manifesting and nonmanifesting DYT1 carriers”. 
Movement Disorders 21 (2006): 2181-2186.

30. Picconi B., et al. “Loss of bidirectional striatal synaptic plas-
ticity in L-DOPA-induced dyskinesia”. Nature Neuroscience 6 
(2003): 501-506.

31. Gilbert DL., et al. “Non-motor symptoms of Parkinson’s dis-
ease: diagnosis and management”. Lancet Neurology 5 (2006): 
235-245.

32. Fregni F and Pascual-Leone A. “Transcranial magnetic stimula-
tion for the treatment of depression in neurologic disorders”. 
Current Psychiatry Report 7 (2007): 381-390.

33. Jahanshahi M., et al. “Self-initiated versus externally triggered 
movements”.

34. Fukuda M., et al. “Functional brain networks in Parkinson’s 
disease”. Parkinsonism and Related Disorders 8 (2001): 91-94.

35. Strafella AP., et al. “Striatal dopamine release induced by re-
petitive transcranial magnetic stimulation of the human motor 
cortex”. Brain 126 (2003): 2609-15.

36. Strafella AP., et al. “Repetitive transcranial magnetic stimula-
tion of the human prefrontal cortex induces dopamine release 
in the caudate nucleus”. Journal of Neuroscience (2001).

37. Kim JY., et al. “Therapeutic effect of repetitive transcranial 
magnetic stimulation in Parkinson’s disease: analysis of [(11)
C] raclopride PET study”. Movement Disorders 23 (2008): 207-
211.

38. Strafella AP., et al. “Corticostriatal functional interactions in 
Parkinson’s disease: a rTMS/[11C]raclopride PET study”. Eu-
ropean Journal of Neuroscience 22 (2005): 2946-2952.

39. Strafella AP., et al. “Therapeutic application of transcranial 
magnetic stimulation in Parkinson’s disease: the contribution 
of expectation”. Neuroimage 31 (2006): 1666-1672.

40. Goetz CG., et al. “Placebo response in Parkinson’s disease: 
Comparisons among 11 trials covering medical and surgical 
interventions”. Movement Disorders 23 (2008): 690-699.

41. Koch G., et al. “rTMS of supplementary motor area modulates 
therapy-induced dyskinesias in Parkinson disease”. Neurology 
65 (2005): 623-625.

42. Brusa L., et al. “Low frequency rTMS of the SMA transiently 
ameliorates peak-dose LID in Parkinson’s disease. Clinical 
Neurophysiology 117 (2006): 1917-1921.

43. Rektorova I., et al. “Dorsolateral prefrontal cortex: a possible 
target for modulating dyskinesias in Parkinson’s disease by 
repetitive transcranial magnetic stimulation”. International 
Journal of Biomedical Imaging (2008): 372125.

Citation: Opeyemi Oluwasanmi Adeloye., et al. “Transcranial Magnetic Stimulation in Patients with Movement Disorders: A Review of Observational 

Study". Acta Scientific Microbiology 3.8 (2020): 122-131.

https://pubmed.ncbi.nlm.nih.gov/15261857/
https://pubmed.ncbi.nlm.nih.gov/15261857/
https://pubmed.ncbi.nlm.nih.gov/15261857/
https://www.sciencedirect.com/science/article/abs/pii/S1388245707000156
https://www.sciencedirect.com/science/article/abs/pii/S1388245707000156
https://www.sciencedirect.com/science/article/abs/pii/S1388245707000156
https://pubmed.ncbi.nlm.nih.gov/12455559/
https://pubmed.ncbi.nlm.nih.gov/12455559/
https://pubmed.ncbi.nlm.nih.gov/12455559/
https://pubmed.ncbi.nlm.nih.gov/16502212/
https://pubmed.ncbi.nlm.nih.gov/16502212/
https://pubmed.ncbi.nlm.nih.gov/16502212/
https://onlinelibrary.wiley.com/doi/abs/10.1002/mds.1145
https://onlinelibrary.wiley.com/doi/abs/10.1002/mds.1145
https://onlinelibrary.wiley.com/doi/abs/10.1002/mds.1145
https://pubmed.ncbi.nlm.nih.gov/15342362/
https://pubmed.ncbi.nlm.nih.gov/15342362/
https://backoffice.spdmov.org/Shared%20Documents/Cursos/2014/Neurofisiologia%20distonias%20-%20Espay_Ann_Neurol_2006.pdf
https://backoffice.spdmov.org/Shared%20Documents/Cursos/2014/Neurofisiologia%20distonias%20-%20Espay_Ann_Neurol_2006.pdf
https://pubmed.ncbi.nlm.nih.gov/17078060/
https://pubmed.ncbi.nlm.nih.gov/17078060/
https://pubmed.ncbi.nlm.nih.gov/17078060/
https://pubmed.ncbi.nlm.nih.gov/16216159/
https://pubmed.ncbi.nlm.nih.gov/16216159/
https://pubmed.ncbi.nlm.nih.gov/16216159/
https://www.sciencedirect.com/science/article/abs/pii/S1353802001000220
https://www.sciencedirect.com/science/article/abs/pii/S1353802001000220
https://pubmed.ncbi.nlm.nih.gov/12937078/
https://pubmed.ncbi.nlm.nih.gov/12937078/
https://pubmed.ncbi.nlm.nih.gov/12937078/
https://pubmed.ncbi.nlm.nih.gov/11459878/
https://pubmed.ncbi.nlm.nih.gov/11459878/
https://pubmed.ncbi.nlm.nih.gov/11459878/
https://pubmed.ncbi.nlm.nih.gov/17999422/
https://pubmed.ncbi.nlm.nih.gov/17999422/
https://pubmed.ncbi.nlm.nih.gov/17999422/
https://pubmed.ncbi.nlm.nih.gov/17999422/
https://pubmed.ncbi.nlm.nih.gov/16324129/
https://pubmed.ncbi.nlm.nih.gov/16324129/
https://pubmed.ncbi.nlm.nih.gov/16324129/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2967525/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2967525/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2967525/
https://pubmed.ncbi.nlm.nih.gov/18228568/
https://pubmed.ncbi.nlm.nih.gov/18228568/
https://pubmed.ncbi.nlm.nih.gov/18228568/
https://pubmed.ncbi.nlm.nih.gov/16116131/
https://pubmed.ncbi.nlm.nih.gov/16116131/
https://pubmed.ncbi.nlm.nih.gov/16116131/
https://pubmed.ncbi.nlm.nih.gov/18274665/
https://pubmed.ncbi.nlm.nih.gov/18274665/
https://pubmed.ncbi.nlm.nih.gov/18274665/
https://pubmed.ncbi.nlm.nih.gov/18274665/


Transcranial Magnetic Stimulation in Patients with Movement Disorders: A Review of Observational Study

131

• Prompt Acknowledgement after receiving the article
• Thorough Double blinded peer review
• Rapid Publication 
• Issue of Publication Certificate
• High visibility of your Published work

Assets from publication with us

Website: www.actascientific.com/
Submit Article: www.actascientific.com/submission.php 
Email us: editor@actascientific.com
Contact us: +91 9182824667 

44. Ghabra MB., et al. “Simultaneous repetitive transcranial mag-
netic stimulation does not speed fine movement in PD”. Neu-
rology 52 (1999): 768-770.

45. Pascual-Leone A., et al. “Akinesia in Parkinson’s disease. II. 
Effects of subthreshold repetitive transcranial motor cortex 
stimulation”. Neurology 44 (1994): 892-898.

46. Pascual-Leone A., et al. “Akinesia in Parkinson’s disease. I. 
Shortening of simple reaction time with focal, single-pulse 
transcranial magnetic stimulation”. Neurology 44 (1994): 
884-891.

47. Lefaucheur JP., et al. “Improvement of motor performance and 
modulation of cortical excitability by repetitive transcranial 
magnetic stimulation of the motor cortex in Parkinson’s dis-
ease”. Clinical Neurophysiology (2004).

48. Boylan LS., et al. “Repetitive transcranial magnetic stimulation 
to SMA worsens complex movements in Parkinson’s disease”. 
Clinical Neurophysiology 112 (2001): 259-264.

49. Siebner HR., et al. “Short-term motor improvement after sub-
threshold 5-Hz repetitive transcranial magnetic stimulation 
of the primary motor hand area in Parkinson’s disease”. Jour-
nal of Neurology Science 178 (2000): 91-94.

Citation: Opeyemi Oluwasanmi Adeloye., et al. “Transcranial Magnetic Stimulation in Patients with Movement Disorders: A Review of Observational 

Study". Acta Scientific Microbiology 3.8 (2020): 122-131.

https://www.actascientific.com
https://www.actascientific.com/submission.php
mailto:editor%40actascientific.com?subject=
https://pubmed.ncbi.nlm.nih.gov/10636177/
https://pubmed.ncbi.nlm.nih.gov/10636177/
https://pubmed.ncbi.nlm.nih.gov/10636177/
https://pubmed.ncbi.nlm.nih.gov/8190293/
https://pubmed.ncbi.nlm.nih.gov/8190293/
https://pubmed.ncbi.nlm.nih.gov/8190293/
https://pubmed.ncbi.nlm.nih.gov/8190292/
https://pubmed.ncbi.nlm.nih.gov/8190292/
https://pubmed.ncbi.nlm.nih.gov/8190292/
https://pubmed.ncbi.nlm.nih.gov/8190292/
https://www.sciencedirect.com/science/article/abs/pii/S1388245704002111
https://www.sciencedirect.com/science/article/abs/pii/S1388245704002111
https://www.sciencedirect.com/science/article/abs/pii/S1388245704002111
https://www.sciencedirect.com/science/article/abs/pii/S1388245704002111
https://pubmed.ncbi.nlm.nih.gov/11165527/
https://pubmed.ncbi.nlm.nih.gov/11165527/
https://pubmed.ncbi.nlm.nih.gov/11165527/
https://pubmed.ncbi.nlm.nih.gov/11018700/
https://pubmed.ncbi.nlm.nih.gov/11018700/
https://pubmed.ncbi.nlm.nih.gov/11018700/
https://pubmed.ncbi.nlm.nih.gov/11018700/

