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ABSTRACT
The cortical and subcortical regions are functionally connected, and normal well-coordinated movement results 
from their interaction. Abnormal movements are the consequence of a lesion or malfunction in the basal ganglia 
(BG) and their interconnections. Movement disorders are usually corrected by medication, but there are some 
techniques not-included into regular medical practice, which improve the symptoms by their neuromodulatory ef-
fects. In this review we discuss the uses of Single Photon Emission Computed Tomography (SPECT), Positron 
Emission Tomography (PET ), Magnetic Resonance Imaging (MRI), Transcranial Sonography (TCS), Transcranial 
Magentic Stimulation (TMS) and Electrooculography (EOG) in paraclinical diagnosis, and the potential of Deep 
Brain Stimulation (DBS), Extradural Cortical Stimulation (ECS), transcranial Direct Current Stimulation (tTDS), 
repetitive Transcranial Magnetic Stimulation (rTMS) and Functional Electrical Stimulation (FES) as a therapeutic 
tool in patients with movement disorders.
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NOTIONS OF ANATOMY AND 
PHYSIOPATHOLOGY

The preparation and planning of movement oc-
cur in premotor (PM) and supplementary motor 
area (SMA), the execution is commanded by pri-
mary motor area (M1) and made by brainstem nu-
clei and spinal motoneurons, while the control of 
movement is assured by basal nuclei, ventroanteri-
or and ventrolateral nuclei of the thalamus and the 
cerebellar paravermis (1).

From a phylogenetical standpoint, the system in-
volved in movement control is the oldest central 
motor system. Together with the cerebellum, it 
makes up a set of structures involved in motor skills 
control and regulation, being involved in all its as-
pects – tonus, posture and movement. It includes 
cortical areas (4s, 6, 8, 8s in the frontal lobe, 1, 2, 
2s, 3, 5 and 7 in the parietal lobe, 21 in the temporal 
lobe, 18, 19, 19s in the occipital lobe, sections of 
the gyrus cinguli, gyrus orbitalis and gyrus insu-
laris), subcortical structures (caudate and lentiform 

striate body nuclei, extrapyramidal ventral anterior 
and ventral lateral intermediary nuclei of the thala-
mus, and center median nucleus of Luys; subtha-
lamic and sublenticular nuclei – subthalamic nucle-
us of Luys, Reichert’s substance and zona incerta) 
and brainstem structures (red nucleus and substan-
tia nigra, descending reticular formation nuclei, 
bulbar olives and paraolives, vestibular nuclei). In 
1991, De Long and Alexander described 5 neuronal 
circuits: a motor circuit (projected on the SMA and 
involved in movement programming and perfor-
mance), an oculomotor circuit (projected on the 
frontal oculomotor area, which is involved in sac-
cades occurrence), an anterior cingulate or limbic 
circuit (involved in regulating moods and emotion-
al behavior) and two associative circuits towards 
the prefrontal dorsolateral and orbitofrontal lateral 
areas (involved in regulating spatial and non-spatial 
object-oriented behavior) (2).

Movement disorders result either from exces-
sive motor program facilitation (hyperkinesia re-
lated to chorea, athetosis, ballismus, tremor, myo-
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clonus, dystonia) or from motor program inhibition 
(hypokinesia related to Parkinsonian syndromes).

CLASSIFICATION OF MOVEMENT DISORDERS

• Paleostriatal (nigropalidal) syndromes: Par-
kinson’s disease (PD) and Parkinsonian syn-
dromes;

• Neostriatal (putamino-caudate) syndromes: 
acute chorea (Sydenham), chronic chorea 
(Huntington) and choreic syndromes;

• Pan-striatal syndromes: hepatolenticular de-
generation (with Wilson’s and Westphall-
Strümpell’s variants), athetosic and dystonic 
syndromes;

• Neurological manifestations probably related 
to extrapyramidal lesions: essential tremor 
(ET), myoclonus, tics;

• Movement disorders in neurological diseases 
having infectious, toxic, metabolic, vascular, 
degenerative or tumoral etiologies (2).

DIAGNOSIS

1) Radioisotopic methods (Single Photon Emis-
sion Computed Tomography-SPECT, Positron 
Emis sion Tomography-PET and PET-CT) are the 
only investigations able to reveal modifi cations spe-
cifi c to Parkinson’s disease, multiple system atrophy 
(MSA), progressive supranuclear palsy (PSP). 

The main dopaminergic neurons are found with-
in the substantia nigra pars compacta and the ven-
tral tegmental area; the neostriatum is their main 
target area (3). The dopamine is stored in presynap-
tic vesicles. The D2 receptors are the most widely 
expressed receptor in the central nervous system 
(CNS), and they are present at the pre- and postsyn-
aptic dopaminergic regions. SPECT allows assess-
ment of presynaptic dopaminergic function and 
postsynaptic dopamine receptors (3,4). The dop-
amine transporter (DAT) is a sodium chloride-de-
pendent protein on the presynaptic nerve terminal, 
which controls dopamine levels by active reuptake 
of dopamine following action at the postsynaptic 
receptor. DAT-SPECT gives an indirect measure of 
dopaminergic neural degeneration. Presynaptic ra-
dioligands used in imaging include FP-CIT (18F-
2β-carbomethoxy-3β-(4-iodophenyl)-N-(3-fl uoro-  
propyl)-N-tropane) β-CIT ([3H]2β - carbomethoxy-
3β([4-iodophenyl] tropane), IPT (N-((E)-3-iodo-
pro pen-2-yl)-2β-carbomethoxy-3β(4-chloro phe nyl 
tropane and TRODAT (99mTc[2[[2-[[[3-(4-chloroo-
heny) - 8 - methyl -8 - azabicyclo [3.2.1] oct-2-yl]-
methyl](2-mercaptoethyl)amino]ethyl]amino]eth-

ane-thiolato - (3) - N2, N2,  S2,  S2] oxo - [1R-(exo-exo)]) 
(3). The radiotracer used to assess striatal postsyn-
aptic D2 receptors binding is IBZM (123I-(S)-2-
hydroxy-3-iodo-6-methoxy-N-[1-ethyl-2-
pyrrodinyl)-methyl]bemzamide (5). DAT-SPECT 
demonstrates asymmetrical reduced striatal uptake 
of radioligands even in early PD. The striatal up-
take of radioligands has also been shown to corre-
late with disease duration and motor severity. Bra-
dykinesia is strongly correlated with striatal DAT 
binding while tremor is not (3). The PD patients 
with postural instability and gait diffi culty have a 
lower presynaptic uptake ratios in putamen than 
patients with tremor-dominated symptoms (6). Al-
though, DAT imaging is very usefull in differential 
diagnosis of monosyptomatic tremor (dystonic 
tremor, essential tremor, Parkinson tremor) (7). It is 
normal in ET, in witch no dopamine defi cit is found 
(3, 8). Parkinson-plus syndromes, such as MSA, 
PSP and corticobasal degeneration (CBD), all dem-
onstrate reduced striatal uptake on DAT-SPECT. 
Combining DAT imaging with postsynaptic recep-
tor D2 imaging (FP-CIT), which is also abnormal 
in each of these conditions, may assist their diagno-
sis from PD (where D2 is normal) (3). Adding 
MIBG (meta-(123)I-iodobenzylguanidine) scintig-
raphy, for assessing myocardial adrenergic inner-
vation, the diagnostic accuracy increase (5). Fur-
thermore, a nor mal DAT-SPECT is helpful in 
supporting a diagnosis of drug-induced-, psycho-
genic- and vascular parkinsonism by excluding un-
derlying true nigrostriatal dysfunction (7). 123I-
FP-CIT-SPECT shows similar DAT binding in 
PARK6 patients compared to idiopathic PD, but an 
increased DAT binding in heterozygous PARK6 
carriers, which can be a very early preclinical fi nd-
ing (9). DAT imaging is considerated safe, giving 
approximately the same radiation dose as a com-
puterized tomography (CT) brain scan. It also has 
much wider availability then PET scanning (3).

Like SPECT, PET imaging allows the in vivo 
assessment of the nigrostriatal system. One presyn-
aptic (18F-dopa) and two postsynaptic radiotacers 
(11C-raclopride for D2 receptors and 11C-SCH 
23390 for D1 receptors) are commonly used. PET 
scanning can detect preclinical stages of PD, can 
monitor the response to different therapies in this 
disease (ropinirole vs. levodopa, thalamothomy, 
deep brain stimulation- DBS, transplantation of hu-
man embryonic mesencephalic tissue) and can ob-
serve the changes in receptor occupancy which may 
determine peak-dose dyskinesias. Despite its supe-
rior sensitivity and resolution compared to SPECT 
(10), PET remains a research tool in movement dis-
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orders, because it involves more time and effort 
and more personnel exposure than radiolabeling by 
chelation with 99mTc (brain perfusion SPECT) (3, 
10).

2) Magnetic Resonance Imaging (MRI) con-
tributes to the diagnosis of atypical Parkinsonism 
(PSP, MSA, CBD) and of some inherited hyperki-
netic conditions including neurodegeneration with 
brain iron accumulation and fragile-X tremor/atax-
ia syndrome. In the fi rst case, MRI reveals charac-
teristic patterns of regional atrophy combined with 
signal changes and microstructural changes in the 
basal ganglia (BG), pons, middle and superior cer-
ebellar peduncles, and cerebral subcortical white 
matter. In the second conditions, it shows charac-
teristic symmetric signal changes in the basal gan-
glia and middle cerebellar peduncles, respectively 
(11).

3) Transcranial sonography (TCS) is a cheap, 
easily available and non-invasive imaging tech-
nique that may assist diagnosis and screening for 
PD. Substantia nigra hyperechogenecity (SN+) is 
the most characteristic feature in PD. The reason 
for the change of echogenicity is suggested to be an 
increased tissue iron content causing oxidative 
stress and neuronal damage. In a series of 112 pa-
tients with clinically probable PD, TCS detected 
hyperechogenicity of the substantia nigra in 103 
(92%) of patients (Berg, 2001). Increased signal 
was most noticeable contralateral to the most clini-
cally affected limbs, but fi ndings did not correlate 
with disease severity. It seems that the abnormal 
echogenicity refl ects a predisposition to the disease 
rather the architectural changes as a result of cell 
loss (3). This hypothesis was confi rmed in a study 
published in 2011 by the same researcher. Those, 
1847 healthy older persons, having a neurological 
assessment and a initial transcranial sonography, 
were followed-up 37 months. At the end of this in-
terval, 1535 participants could undergo reassess-
ment. There were 11 cases of incident PD during 
the follow-up period. In subjects with SN+ at base-
line, the relative risk for incident PD was 17.37 
times higher compared with normoechogenic sub-
jects (12). The frequency of SN+ appears to be ho-
mogeneous in white and Asian populations, as 
shown in a recent study (Go, 2012), made on 71 
healthy adult German participants and 30 age-and-
sex-matched Filipino participants (13). However, 
this hyperechogenicity is not patognomonic for 
Parkinson’s disease. It occurs in multiple sclerosis, 
probably in relation with microglia activation (like 
in PD), but also in non-neurodegenerative disorders 
(14). In PD patients with depression, the substantia 

nigra hyperechogenecity is associated with the hy-
pogenicity of the mesencephalic midline (15). TCS 
can be used to differentiate PD from Parkinson-
plus syndromes. SN+ is predictive for PD whereas 
a hypoechogenic substantia nigra, especially when 
combines with a hyperechogenic lentiform nucleus, 
suggests a Parkinson-plus disorder (3). This tech-
nique can detect trace metal accumulation in deep 
brain structures with higher sensitivity than con-
ventional MRI. Especially, increased iron content 
in the sunstantia nigra in Parkinson’s disease, in-
creased copper content in the lenticular nucleus 
(LN) in Wilson’s disease and idiopathic dystonia, 
and increased manganese content in the LN in man-
ganese-induced Parkinsonism were detected with 
TCS, even in subjects with normal MRI (16). The 
sensitivity and specifi city of transcranial ultrasound 
for the diagnosis of PD is 81% and 97% respec-
tively (17).

4) Neurophysiology and neuroimaging have had 
a spectacular development over the last decades. 
Nuclear medicine explorations have been enriched 
by Transcranial Magnetic Stimulation (TMS), a 
modern cortico-spinal activity recording and mod-
ulation method.

TMS was fi rst used by Anthony Barker in 1985, 
and it relies on the principle of electromagnetic in-
duction postulated by Michael Faraday in 1831. 
The stimulation device has a coil run through by 
high intensity (5000 amperes) and very short (200-
300 μs) electrical currents. It is placed either on the 
scalp or paravertebrally, and it induces the forma-
tion of a magnetic fi eld having a 0.7-2 Tesla 
strength, which will induce the formation, in the 
conductive tissue media, of an electrical fi eld ca-
pable of modulating the neuronal activity in the 
subjacent areas (18). This magnetic fi eld has a pen-
etrability of about 3-4 cm in the intermediate con-
sistency tissues (skin, muscles), and much lower in 
the osseous structures (1.5-3 cm through the skull 
bones) (19). Also, medullar stimulation is more dif-
fi cult to achieve then cortical stimulation (vertebral 
arches and spinal apophyses diminish signifi cantly 
the strength of the magnetic fi eld on the skull bones, 
which are a few millimeters thick); radicular stimu-
lation is achieved instead (the roots of the spinal 
nerves are more accessible). The method has two 
major advantages: it is non-invasive and pain free. 
Several types of magnetic stimulation are used in 
clinical practice and research: single-pulse, paired-
pulse, repetitive, computer-assisted, multichannel, 
electroencephalography (EEG)-associated TMS. 

By motor cortex and descending tracts stimula-
tion, single-pulse TMS determines the occurrence 
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of motor evoked potentials (MEPs) on the electro-
myographic path (EMG), which correspond to the 
upper and lower limbs characterized by the follow-
ing parameters (table 1).

Paired-pulse stimulation brings about informa-
tion on the intracortical excitation and inhibition 
level, supplementing the neurophysiological diag-
nosis of diseases involving an imbalance between 
the exciting and inhibiting mechanisms. Paired-
pulse TMS uses two magnetic stimulation devices 
connected to a single coil, which discharges paired 
pulses every few milliseconds. Depending on the 
intensity (threshold, suprathreshold or subthresh-
old) and interstimulus interval (ISI), the fi rst stimu-
lus (conditioned stimulus) has an inhibitor or facili-
tator effect on the second stimulus (test stimulus), 
which induces a motor response (MEP). Paired 
pulses may also be applied using two coils, which 
allows stimulating two different areas in the brain 
and analyzing intracortical connections. A series of 
parameters are also defi ned in this case (table 2).

Most of the studies conducted in Parkinson’s 
disease revealed no motor threshold (MT) change; 
however, the resting MT may drop in very rigid pa-

tients, whereas the active MT may be higher in bra-
dykinetic patients. A low motor threshold was 
found in patients with obsessive-compulsive disor-
ders and tics, while in Huntington’s disease, dysto-
nia, myoclonus and essential tremor the MT is nor-
mal (20). 

Central motor conduction time is normal in PD, 
CBD, Huntington chorea, ET, dystonia, myoclo-
nus, Gilles de la Tourette’s syndrome, and it may be 
extended to patients with MSA, PSP and to Parkin 
gene carriers (20, 21, 26).

MEP amplitude is higher and MEP area is larger 
in PD patients than in healthy subjects (27). 

The ortical electrical silent period (cSP) is 
shorter in PD, dystonia, myoclonus or tics, normal 
in ET and variable in chorea (20, 23).

The ipsilateral electrical silent period (iSP) is 
shorter in CBD and PSP (morphometric MRI studies 
revealed corpus callosum atrophy), normal in PD 
and MSA, and longer in focal hand dystonia (indi-
cating a transcallosal inhibition increase) (20).

In Parkinsonian patients, the short-interval in-
tracortical inhibition is reduced at rest, and it im-
proves under dopaminergic medication, deep brain 

Table 1. Parameters obtained by magnetic stimulation of the motor cortex and pyramidal tracts

No. TMS parameter Descripti on
1. Motor threshold 

(MT) 
= the minimum motor cortex sti mulati on intensity suffi  cient to trigger, in the target 
muscle, at least 5 motor evoked potenti als, with amplitudes ≥ 50 μV, out of 10 
consecuti ve sti mulati ons (20)

2. Latency of motor 
evoked potenti al 
(LMEP)

= ti me interval between the sti mulati on arti fact and the occurrence of the MEP on 
the elecromyography (fi rst positi ve wave) (21)
- depending on the sti mulated area, it may be central (corti cal) or peripheral 
(medullar= cervical or lumbar)

3. Central motor 
conducti on ti me 
(CMCT)

= latency diff erence of MEP produced by motor cortex and motor nerve roots 
sti mulati on, respecti vely (21):
CMCT = Corti cal MEP latency (contralateral) – Medullar MEP latency (ipsilateral)

4. Size of motor 
evoked potenti al 

- it is defi ned by 3 parameters: amplitude, durati on and area of motor evoked 
potenti al (22)

5.
Contralateral 
Silent Period (cSP)

= the interval which lacks any electrical acti vity and which follows a magneti c 
sti mulati on on the background of a submaximal voluntary contracti on (20-50%) 
(23)
- on the electromyography, it is measured between the last MEP wave and the 
voluntary electromyographic acti vity reoccurrence (21, 23)
- it is considered a probe of motor corti cal inhibiti on (23); the lower the intracorti cal 
inhibiti on, the lower the cSP value

6. Ipsilateral Silent 
Period (iSP) or
Transcallosal 
inhibiti on (TI)

= contralateral motor center acti vity suppression by means of the corpus callosum 
- it may be proven by TMS applied during a tonic contracti on of at least 50% of 
the small hand muscles ipsilateral to the sti mulated hemisphere; the neurons in 
the sti mulated motor cortex inhibit the contralateral pyramidal neurons (in the 
unsti mulated hemisphere) by means of the callosal fi bers; temporary suppression of 
the tonic acti vity of contracted muscles is recorded on the EMG path (21)
- both latency and TI durati on are measured; for a proper assessment, calculate the 
mean of the values read aft er 20 consecuti ve sti mulati ons
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stimulation in the subthalamic nucleus and repeated 
magnetic low-frequency stimulation of the motor 
cortex; this interval remains unchanged while the 
patient is active. Some studies revealed an exten-
sion of the long-interval intracortical inhibition, 
whereas others documented its drop; in both cases, 
it became normal further to dopaminergic therapy. 
The SICI drop and LICI increase may be accounted 
for by the fact that LICI inhibits SICI (28,29).

SICI also decreses in CBD (this considerable 
drop was proposed as a diagnostic test), in other 
Parkinsonian syndromes (MSA, PSP), and in Gilles 
de la Tourette’s syndrome, where it is correlated 
with motor hyperactivity. 

In dystonia (upper limb dystonia, cervical dys-
tonia, blepharospasm, L-Dopa responsive dystonia) 
and in asymptomatic DYT1 gene mutation carriers, 
SICI is reduced both at rest and in movement, and 
it temporarily increases to normal after botulinum 
toxin has been injected in the dystonic muscles; 
however, this has not yet been found in the writer’s 
cramp. Also, LICI was high in dystonic patients, 
except for those suffering from the writer’s cramp, 
in whom it was low (20). 

In Huntington chorea, the SICI and LICI results 
were confl icting, whereas in essential tremor the val-
ues of the two intervals were within normal limits.

Interhemispheric inhibition and intracortical fa-
cilitation are lower in Parkinsonian patients with-
out mirror movements (20,30).

5) Head-mounted infrared binocular eye trak-
ing system and electrooculography (EOG) are used 
for capturing oculomotor data. In Parkinson’s dis-
ease, the increase in the activities of basal ganglia 
output nuclei excessively inhibits the thalamus and 
superior collicus (SC) and causes preferential im-

pairment of internal over external movements. A 
recent Japanese study conclude that there are three 
major drives converging on SC determine the sac-
cade abnormalities in PD. The impairment in visu-
ally and memory guided saccades may be caused 
by the excessive inhibition of the SC due to the in-
creased BG output and the decreased activity of the 
frontal cortex-BG circuit. The impaired suppressi-
on of refl exive saccades (saccades to cue) may be 
explained if the excessive inhibition of SC is “lea-
ky”. Changes in saccade parameters suggest that 
frontal cortex-BG circuit activity decreases with di-
sease progression, whereas SC inhibition stays re-
latively mild in comparison throughout the course 
of the disease. Finally, SC disinhibition due to lea-
ky suppression may represent functional compen-
sation from neural structures outside BG, leading to 
hyper-refl exivity of saccades and milder clinical 
symptoms (31). Other three articles, published in 
2011, give evidence that saccadic eye movements 
are age-related in healthy subjects and patients with 
Parkinson’s disease (32), the small saccades restrict 
visual scanning area in PD (33) and the turning per-
formance in PD may be negatively infl uenced by 
saccade dysfunction (34).

6) Clinical neurophysiology in tremors consists 
of surface electromyography and acclerometric 
recordings from the affected limbs. Fourier/spec-
tral analysis of these data can determine the exact 
tremor frequency- an important diagnostic hint. 
Correlating these results with other paraclinical and 
clinical aspects, we can differentiate the Parkinso-
nian tremor of the essential, cerebellar, dystonic, 
orthostatic, physiologic and psychogenic tremor 
(35). Adding to EMG the myotonometry and the 
mechanomyography, the passive stiffness in the 

Table 2. Parameters recorded by paired-pulse TMS (24, 25)

No. TMS parameter Defi niti on
1. Intersti mulus interval (ISI) = interval between the conditi oned sti mulus and the test sti mulus

2. Short-interval intracorti cal 
inhibiti on (SICI)

= suppression of a test MEP by applying a subliminal sti mulus 1-5 ms earlier
- it shows GABAA interneurons acti vati on, which has an inhibiti ng eff ect on 
pyramidal cells

3. Long-interval intracorti cal 
inhibiti on (LICI)

= suppression of a test MEP by applying a subliminal sti mulus 100-200 ms 
earlier
- it shows GABAB interneurons acti vati on, which has an inhibiti ng eff ect on 
pyramidal cells

4. Interhemispheric 
inhibiti on (IHI)

= suppression of a test MEP by applying a supraliminal sti mulus 10-40 ms 
earlier in the contralateral motor cortex

5. Short-interval intracorti cal 
facilitati on (SICF)

= facilitati on of a test MEP by applying a supraliminal sti mulus 1-1.5 ms/2.5-3 
ms/ 4.5 ms earlier
- the shorter the ISI, the more signifi cant the facilitati on

6. Intracorti cal facilitati on 
(ICF)

= facilitati on of a test MEP by applying a subliminal sti mulus 10-15 ms earlier 
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muscle belly and tendon can be assessed. Com-
pared with controls, PD patients have higher pas-
sive passive stiffness in the muscle belly and ten-
don (36). Laryngeal electromyography and 
acoustic voice analysis allow to measure the oral 
communication impairment which occurs in 75% 
to 90% of Parkin sonian patients. A study on 26 
subjects exhibited a rest hypertonicity, meaning 
that patients with PD presented with spontaneous 
intrinsic laryngeal muscle activity during voice 
rest, which occurred in 73% of the individuals. The 
vocal tremor was detected in 69.5% of the subjects, 
while not a case of laryngeal tremor was registred 
by EMG (37). The electromyographic testing of 
the anal or uretral sphincters is applied to distin-
guish between idiopatic PD and multiple system 
atrophy. The anterior horn cells innervating the 
sphincters are located in Onuf’s nucleus in the 
sacral cord. This nucleus is among CNS sites af-
fected by neural cell loss in MSA, but not in PD. 
Consequently, the MSA patients have an abnormal 
sphincter EMG (38). By combining EMG with 
EEG or polysomnography (PSG), arousals from 
rapid eye movement (REM) sleep can be sense in 
patients with REM sleep behaviour disorders 
(RBD) (39).

7) Olfactory testing, as Brief Smell Identifi ca-
tion Test (B-SIT), UPSIT (University of Pennsyl-
vania Smell Identifi cation Test (UPSIT) or Sniffi n 
Sticks olfactory test, is usefull in identifying olfac-
tory dysfunction in patients with PD or other neu-
rodegerative conditions. It seems that olfactory 
defi cit is present as a prodromal sign 11.2 years be-
fore the diagnosis of PD (40), and it commonly co-
exists with psychotic symptoms, poorer memory 
and executive performance. The relationship be-
tween hyposmia, psychosis, and specifi c cognitive 
im pairments may refl ect the anatomic distribution 
of Lewy pathology and suggests that olfactory 
dysfunction could be a biomarker of additional ex-
tranigral disease (41). Some patients with PARK2 
mutations have increased thresholds of olfactory 
function and myocardial sympathetic dysfunction 
as nonmotor symptoms (42); on the other hand, ol-
factory and cardiac impairment are less prevalent 
in PD associated with Leucine-Rich Repeat Kinase 
(LRRK2) (43).

8) Genetic testing is necessary in some cases of 
PD, especially for identifi cation of PARK1 (encod-
ing an aberrant α-synuclein, responsable for the 
formation of Lewy bodies), PARK2 or Parkin 
(which determine an autosomal-recessive juvenil 
Parkinsonism), PARK 6 (also implicated in an au-
tosomal-recessive form) and PARK 8/ LRRK2 (the 

most common gene associated with autosomal-
dominant PD, familial or sporadic) (44). In other 
diseases, genetic testing is imperative for certain 
diagnosis (i.e. cytosine-adenine-guanine (CAG) 
ex pansion in Huntington chorea, ATP7B mutation 
in Wilson’s disease) (45).

THERAPY

The therapeutic options currently available for 
movement disorders include, in addition to drugs, a 
set of complementary invasive and non-invasive 
methods.

Invasive methods
1. Stereotaxic procedures- currently less used:
• to control tremor → in the thalamic ventral 

lateral contralateral nucleus, initially in the 
posterior ventral lateral globus pallidus; 

• for the treatment of all the axial symptoms 
(akinesia, rigidity, tremor) and L-Dopa in-
duced dyskinesias → posterior ventral lateral 
pallidotomy (45).

2. Stem cell transplantation – in experimental 
and clinical research studies.

3. Deep Brain Stimulation (DBS) – successful-
ly used in involuntary movement treatment (tremor, 
dyskinesia), in certain psychiatric conditions and 
pain therapy. Brain stimulation may be done in the 
ventral lateral intermediary nuclei of the thalamus, 
subthalamic nucleus, internal globus pallidus, cen-
tre median-parafascicular complex, motor cortex, 
periventricular and periaqueductal gray matter. The 
possible action mechanisms are: depolarization 
block, local release of inhibitory neurotransmitters 
(GABA), antidromic inhibitory neurons activation, 
abnormal discharge scheme disorganization (46). 

In Parkinson’s disease, resting tremor seems to 
be caused by a neuronal group found in the thala-
mus and in the basal ganglia discharging simulta-
neously. In physiological conditions, these neurons 
discharge chaotically, act as a pacemaker and acti-
vate the premotor cortex, supplementary motor area 
and motor cortex. High frequency thalamic/subtha-
lamic stimulation (periodic high frequency – 4100 
Hz – pulses) suppresses this pacemaker activity 
and, hence, peripheral tremor. 

Extradural Cortical Stimulation (ECS) with 
electrodes located in the epidural space, above the 
motor area, is a therapeutic alternative for Parkin-
sonian patients non eligible for DBS. The stimula-
tion current has 3-4.5 V (mA) amplitude, 400-450 
μs pulse duration and 10 to 30 Hz frequency (47). 
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Non-invasive methods
1. Transcranial Direct Current Stimulation 

(tDCS) consists of applying low intensity (1-2 mA) 
electrical current directly on the scalp, using two 
surface electrodes. Although the scalp has high im-
pedance, the current running from the cathode to 
the anode triggers changes in the resting membrane 
potential in the subjacent cortical areas: the result is 
anode activity increase and cathode activity de-
crease. The primary motor area (M1) is the cortical 
target in the cortico-subcortical motor circuit. In 
PD, the motor symptoms are the consequence of an 
affected striato-thalamo-cortical system, which 
turns the primary motor area into the preferred cor-
tical neuromodulation area, in order to recover thal-
amocortical conduction.

A study published by Fregni et al. in 2006 re-
vealed a signifi cant improvement of the motor 
function of Parkinsonian patients further to anodic 
M1 area stimulation. Cathodic stimulation of the 
same area and anodic stimulation of the dorsolat-
eral prefrontal cortex (DLPFC) had modest, almost 
insignifi cant effects. Also, the tDCS effects were 
associated with a polarity-dependent effect on mo-
tor cortico-spinal excitability in PD: anodic stimu-
lation leads to higher cortical excitability, whereas 
cathodic stimulation triggers a slight cortical excit-
ability decrease.

Another study of the same group reported a net 
working memory improvement further to active an-
odic 2 mA tDCS in the left prefrontal dorsal lateral 
cortex (48).

Dystonia is associated with an inhibition drop at 
several nevrax levels (spinal cord, brainstem and 
cortex). In addition to an inhibitory motor circuit 
alteration, various functional imaging techniques 
revealed higher blood fl ow and glucose metabolism 
in various cortical areas (prefrontal, parietal and in-
sular lobes, cerebellum and SMA). Excessive and 
inadequate muscular activation in focal dystonia 
refl ects motor cortico-subcortical circuit disinhibi-
tion, which may be an expression of motor sensory 
integration alteration and maladaptive plasticity. 
The attempts of controlling the central dystonia-
specifi c disinhibition state have not been very suc-
cessful so far. Thus, although cathodic tDCS reduc-
es excitability in normal subjects, it tends to increase 
it in dystonic patients (48).

2. Repetitive Transcranial Magnetic Stimula-
tion (rTMS), a variant of TMS which is used rather 
for therapeutic than diagnostic purposes, consists 
of quick and repeated application of 20-2,500 pulse 
trains in particular brain areas, in order to improve 

the metabolic status of the neurons in those areas, 
hence clinically improving related symptoms. Low 
frequency (≤ 1-Hz) stimulation has an inhibitory 
effect, whereas high frequencies (≥ 5 Hz) have an 
exciting effect. The higher the stimulation strength 
and duration, the longer the effect. Also, magnetic 
stimulation applied several days in a row may gen-
erate effects that last for weeks or even months. 
rTMS is used both for therapeutic purposes (de-
pression, headache, neuropathic pain, recovery af-
ter stroke), and to investigate specifi c cortical func-
tions (49).

In Parkinson’s disease, repeated 5-Hz stimula-
tion in the region corresponding to the hand in the 
M1 area triggers the normalization of the cortical 
silent period and the improvement of contralateral 
bradykinesia. FDG-PET revealed improved glu-
cose metabolism in the primary motor area and in 
SMA. In 2004 Lefaucher et al. proved the positive 
effect of rTMS in the M1 area both at very low and 
high frequencies. 0.5-Hz rTMS reduces bilateral 
rigidity and increases gait speed, whereas 10-Hz 
rTMS reduces contralateral bradykinesia. Both 
techniques normalize the silent period, yet the 
mechanisms are different: 0.5-Hz rTMS normalizes 
intracortical inhibition, 10-Hz rTMS increases in-
tracortical facilitation. Therefore, rTMS neuro-
modulation infl uences both the exciting and the in-
hibiting circuits.

The dorso-lateral prefrontal cortex is the cortical 
target in the cortico-subcortical prefrontal circuit, 
involved in attention, working memory and mood 
adjustment. Numerous studies revealed improve-
ment in depression further to high frequency rTMS 
applied in the left DLPFC. SPECT and fMRI re-
vealed an increase in cortical activation or blood 
fl ow- rCBF in the left dorso-lateral prefrontal area 
and in the anterior gyrus cinguli, and an activation 
decrease in the right symmetrical area, right fusi-
form gyrus and cerebellum.

Repeated simultaneous stimulation of the M1 
area and the DLPFC (25-Hz rTMS, 8 times in 4 
weeks) improved gait and hand bradykinesia for a 
month after the stimulation (Lomarev et al., 2006).

PET and SPECT recorded the changes occur-
ring in the neurotransmitters from various brain re-
gions, thus proving the neuromodulation mecha-
nism. 10-Hz rTMS of the frontal cortex induces 
focal dopamine release in subcortical structures 
(basal ganglia), DLPFC stimulation determines 
higher dopamine secretion in the caudate, and M1 
area stimulation accompanies dopamine release in 
the ventral lateral putamen (48).
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A double blind study conducted in 15 centers in 
Japan in 2009 reported bradykinesia improvement 
in parkinsonian patients after high frequency (5-Hz) 
rTMS in the supplementary motor area, as com-
pared to sham stimulation patients (50).

Several studies investigated the effect of repeat-
ed magnetic stimulation on L-Dopa-induced dyski-
nesia. Koch et al. noticed, in 2005, that a single 
1-Hz rTMS application on the bilateral supplemen-
tary motor area decrease dyskinesia severity, and 
this effect persisted for 30 minutes after the stimu-
lation. rTMS application in the same area and using 
the same frequency for 5 days did not have a cumu-
lative effect. Also, dyskinesia worsened after 5 Hz 
frequency stimulation. 

In 2007 and 2008, Rektorova proved that 5 days 
of repeated high frequency (10-Hz) magnetic stim-
ulation in the DLPFC and motor cortex had no pos-
itive effect on gait or bradykinesia; the only benefi t 
was a subjective dyskinesia improvement, yet in-
signifi cant on the UPDRS (Unifi ed Parkinson’s 
Disease Rating Scale) (24).

In dystonia, since this is maladaptive plasticity, 
motor cortex excitability responds often inade-
quately, by disinhibition, to rTMS. After 1-Hz stim-
ulation of the M1 area by several trains of suprath-
reshold, cortical excitability was suppressed in 
control subjects and facilitated in the writer’s 
cramp. At lower motor thresholds, 1-Hz rTMS in 
the M1 area does not alter cortical excitability in 
patients with focal hand dystonia, although this is 
reduced in the control group. Brief trains of up to 
20 pulses at a 1-Hz frequency suprathreshold do 
not infl uence excitability, yet if the frequency in-
creases to 5 Hz the result is excessive and long-
lasting excitability facilitation (48).

Cortical hyperexcitability specifi c to Gilles de la 
Tourette’s syndrome is the expression of short intra-
cortical inhibition and afferent inhibition reduction; 
functional imaging detected a supplementary mo-
tor area and limbic area activation before the occur-
rence of tics. Two days of repeated magnetic low 
frequency (1-Hz) stimulation of the premotor area 
(PM) had an effect comparable to the placebo ef-
fect (sham stimulation), whereas 1-Hz rTMS on 
SMA for two weeks was followed by a signifi cant 
score reduction on the tic scale and even by full tic 
remission in two patients.

In chorea, 1-Hz rTMS in the supplementary mo-
tor area for three consecutive days led to hyperki-
nesia improvement on the UHDRS (Unifi ed Hun-
tington’s Disease Rating Scale) 15 minutes after 
the stimulation, which did not happen after 5-Hz 
rTMS.

Slight improvements of the patients’ general 
state, consisting of basic symptoms diminution, 
were found in essential tremor after low frequency 
(1-Hz) stimulation of the cerebellar vermis, in cor-
tical tremor (myoclonic status associated with pro-
gressive ataxia and epilepsy) after 5-Hz rTMS of 
the premotor cortex, and in late dyskinesia after re-
peated high frequency (17-Hz) stimulation of the 
dorsolateral prefrontal cortex (24).

3. Functional Electrical Stimulation (FES) 
with surface electrodes is carried out by discharg-
ing an electrical low intensity current through elec-
trodes located along the peripheral nerves, with a 
view to stimulating related muscles and initiating 
movement. 

In Parkinsonian patients, functional electrical 
stimulation may be useful in correcting motor dis-
abilities. The electrodes are located on the radial 
nerve path of the upper limbs and on the external 
popliteal sciatic nerve (common peroneal nerve) 
path of the lower limbs. The characteristics of the 
stimulation current are: amplitude = 10-100 mA, 
pulse duration = 300-350 μs, frequency = 20-40 
Hz, waveform = biphasic asymmetric or biphasic 
symmetric.

A preliminary study conducted in this respect in 
2004 by the Functional Electrical Stimulation Cen-
ter in Salisbury, England, supports FES contribu-
tion in gait correction. They started from the as-
sumption that applying an external electrical 
stimulus on the common peroneal nerve path im-
proves gait and reduces gait freeze episodes. The 
study included 10 Parkinson’s disease subjects in 
whom the “stimulator acted as a training device” 
for 8 weeks. At the end of this period, the patients 
notice the improvement of their gait (better heel 
stability, longer steps). These improvements per-
sisted at least one month after the stimulation (51).

Another study conducted by the same team on a 
group of 7 patients suffering from Parkinson’s dis-
ease in 2007 (and published in 2008) revealed lon-
ger average stride length in the 3-minute walk test, 
without however increasing gait speed or decreas-
ing the number of steps during the 20-m walk with 
turn test. This gait improvement lasted 4 weeks af-
ter electrotherapy was stopped. The number of falls 
and “freezing” episodes only decreased during 
treatment, and reached again its initial values after 
the end of the FES sessions (52).

CONCLUSIONS

Movement disorders are a complex pathology 
resulting from alteration of cortico-subcortical cir-
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cuits. Their diagnosis remains essentially clinical, 
and their therapy based essentially on drugs. In ad-
dition to the radiological methods that provide 
structural imaging (CT scanning, MRI), the last 
few years knew a development of modern scinti-
graphic (PET, SPECT, PET-CT), echographic 
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