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A B S T R A C T

One of the current scientific challenges is to propose novel tools and tasks designed to identify
new motor biomarkers in Parkinson’s disease (PD). Among these, a focus has placed on drawing
tasks. Independently from clinical ratings, this study aimed to evaluate the pen movement and
holding in digitalized spiral drawing in individuals with PD without and with medical treatment
and in healthy controls. A three-step data-driven analysis was conducted. First, the effects of
spatial and temporal constraints on several variables were determined. Second, the relationship
between handedness and dominance of PD symptoms was investigated for the most relevant
variables. Finally, a third analysis was conducted to assess the occurrence of changes associated
with PD. The first analysis revealed that the number of velocity peaks and pen altitude variations
were the most relevant variables in spiral drawing for evaluating the effect of the disease and
medication. The second analysis revealed that the effect of medication was present for the
movement fluency only, when spirals with spatial constraints were produced at a spontaneous
speed by the hand on the side of dominant PD signs. Finally, the third analysis showed that the
effect of medication was greater at the beginning of drawing than at the end. Digitalized spiral
drawing makes it possible to observe precisely when the kinematic changes related to the disease
occur during the task. Such a simple and quick task might be of great relevance to contribute to
the diagnosis and follow-up of PD.

1. Introduction

The diagnosis and follow-up of Parkinson’s disease (PD) are very often based on a clinical-motor assessment of tremor at
rest, rigidity, akinesia (or bradykinesia) and postural instability (Jankovic, 2008). Proposing novel tools and tasks in order to
improve motor evaluation and to identify new motor biomarkers is one of the challenges facing scientists (Wu, Le, & Jankovic,
2011). Among these biomarkers, increasing attention is being paid to handwriting and drawing tasks (Ponsen, Daffertshofer,
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Wolters, Beek, & Berendse, 2008; Rosenblum, Samuel, Zlotnik, Erikh, & Schlesinger, 2013; Sadikov et al., 2017; San Luciano
et al., 2016; Saunders-Pullman et al., 2008; Stanley et al., 2010; Westin et al., 2010). Moving a pen requires a fine distal motor
ability with a strong accuracy constraint. Interestingly, handwriting deterioration seems to be one of the earliest neurobeha-
vioral biomarkers of PD (Sharma et al., 2013): micrographia, a specific abnormal reduction in writing size, is one of the first
signs that may alert the patient (McLennan, Tyler, Schwab, & Nakano, 1972). Handwriting in PD is assessed routinely via the
Unified Parkinson's Disease Rating Scale (UPDRS; part 1, item 8 – Fahn, Elton, & UPDRS Development Committee, 1987).
However, it is not directly and systematically evaluated by the neurologist, who can, at best, check the written trace on paper to
objectify micrographia.

Thanks to the development of graphic tablets and advanced techniques for the assessment of pen movements, it has been reported
that beyond the written trace, kinematic aspects of movements (including speed, acceleration, force amplitude and stroke duration)
are affected in PD (Longstaff et al., 2003; Teulings & Stelmach, 1991; Tucha et al., 2006; Van Gemmert, Adler, & Stelmach, 2003).
Consequently, several kinematic variables have been made available to better investigate the behavioral manifestation of the re-
defined PD dysgraphia, a new term that encompasses the whole spectrum of disorders that affect the writing of PD patients
(Letanneux, Danna, Velay, Viallet, & Pinto, 2014; Pinto & Velay, 2015). The main issue is that handwriting involves linguistic
processes that can be influenced in PD by cognitive impairments, and in general by sociocultural factors, contrary to drawing tasks
that involve exclusively sensorimotor processes. A drawing task, validated and standardized by the international scientific and
medical communities, is of great importance in order to assess and manage the motor control of both hands related to PD. Even if the
relevance of drawing must be confirmed compared to handwriting (Drótar et al., 2016), the Archimedean spiral drawing is the most
well-known and widely used task for evaluating fine motor performance in various movement disorders, including Essential Tremor
(Fahn, Tolosa, & Marin, 1993; Haubenberger et al., 2011; Kraus & Hoffmann, 2010), ataxia (Trouillas et al., 1997), dystonia
(Comella, Leurgans, Wuu, Stebbins, & Chmura, 2003), and even PD (Adler, Van Gemmert, Teulings, & Stelmach, 2003; Liu, Carroll,
Wang, Zajicek, & Bain, 2005; Memedi et al., 2015; Sadikov et al., 2017; San Luciano et al., 2016; Saunders-Pullman et al., 2008;
Stanley et al., 2010; Wang et al., 2008; Zham, Arjunan, Raghav, & Kumar, 2017).

Independently from clinical ratings, this study aimed to determine “hidden” variables of drawing movement, which are not visible
from the visual inspection of the written trace but observable from a kinematic and dynamic analyses of pen movement and holding,
in individuals with PD without and with medical treatment and in healthy controls. For this purpose, a three-step data-driven analysis
was conducted.

1) A series of previous experiments suggested that performance deterioration in PD can be maximized when adding temporal
constraints (to draw more quickly than normal; e.g. Dounskaia, Van Gemmert, Leis, & Stelmach, 2009), and/or spatial constraints
(to write larger than normal; e.g. Van Gemmert, Teulings, Contreras-Vidal, & Stelmach, 1999). To our knowledge, how both
temporal (to draw at spontaneous speed vs. as quickly as possible) and spatial (to draw small vs. big spirals with borders)
constraints affect PD patients’ performance with and without treatment, when compared to healthy controls, remains an un-
answered question. In the first analysis, the effects of spatial and temporal constraints on several kinematic and dynamic variables
were evaluated in order to identify which variable(s) and which constraint(s) should be the most relevant for objectifying changes
in drawing movement in PD sufferers and their response to medical treatment.

2) The asymmetry of PD symptoms at the onset of the disease persists during the disease progression (for a review, see Djaldetti, Ziv,
& Melamed, 2006) and makes motor evaluation of both hands necessary to better identify fine motor deficits related to pathology
(San Luciano et al., 2016). In the second analysis, the relationship between handedness and dominance of PD symptoms was
investigated for the variables determined in the first step.

3) Digitalized spiral drawing makes it possible to observe precisely when the kinematic changes related to the disease occur during
the task. Consequently, a third analysis was conducted for the most relevant experimental task and kinematic variable identified
by the previous analyses for assessing more precisely the occurrence of changes associated with PD.

2. Methods

2.1. Participants and clinical assessment

Twenty right-handed (Edinburgh test > 80% – Oldfield, 1971) patients with PD (59.6 years ± 8.7; nine females) and twenty
controls (61:11 years ± 4:4, 10 females) volunteered for the experiment. The controls were age- (t(38)= 1.00, p=0.32, NS),
handedness-, and gender-matched. Patients were clinically examined using the motor section (part III) of the Unified Parkinson’s
Disease Rating Scale (UPDRS, Fahn et al., 1987), without (OFF, treatment withdrawn for at least 12 h) and with (ON, about 45min
after treatment) medical treatment. The demographics and clinical information of the patients are summarized in Table 1. The
patients included in the present study had all akinetic-rigid symptoms and tremor was an exclusion criterion. Note that on the basis of
the lack of difference in the total motor score of the UPDRS between the two treatment states, one patient was not retained for the
analyses (see Table 1).
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Based on both UPDRS score and patient’s anamnesis, eleven patients had left-sided dominance of PD symptoms, the remaining
eight patients experienced predominantly right-sided signs. Both patients and control participants had normal or corrected-to-normal
vision. In order to prevent any possible repetition effect related to double recording (OFF and ON), the order of the medication states
was counterbalanced. Ten patients were first evaluated OFF then ON the same morning, after at least 45min; the remaining nine
patients were evaluated ON first, and the OFF evaluation was carried out the morning of the following day. This study was conducted
in accordance with the Declaration of Helsinki (World Medical Association, 2013), and approved by the local Ethics Committee
Review Board (project n° 2012-A00460-43, Comité de Protection des Personnes [CPP], Sud-Méditerranée 1, France). The patients
were included after providing informed written consent.

2.2. Experimental procedure

Each participant was required to draw Archimedean spirals from predefined templates (models illustrated in Supplementary
material 1) and under several experimental conditions. The design included eight experimental conditions, according to: two tem-
poral constraints (spontaneous vs. as quickly as possible); two spatial constraints (small vs. big); and the handedness (dominant vs.
non-dominant hand). Participants were comfortably seated in front of a table upon which the graphic tablet was placed and they
drew the spirals using an ink pen on a sheet of paper (A4 format: 21.0 29.7 cm) affixed to a graphic tablet (Wacom, Intuos3 A4,
sampling frequency 200 Hz and resolution 5080 lpi). The instruction was to draw the spiral according to the defined condition (for
example, as fast as possible with the left hand), starting from the center and ending at the periphery, without touching the edges of
the spiral. The experimental condition order was counter-balanced, except for the handedness condition, for which all subjects started
first with the right (dominant) hand, and then with the left hand. The drawing task was performed twice, OFF and ON, and as
mentioned above each patient was also evaluated with the UPDRS in both medication states, prior to the task.

2.3. Dependent variables

Several variables were considered:

- The trace length (mm) that corresponds to the total length of the written trace;
- The movement duration (s) that correspond to the total time that the participant put to perform the spiral;
- The mean velocity (mm/s) that corresponds to the ratio between the trace length and the movement duration (without taking into
account the “in-air” movement duration during pen lifts);

Table 1
Demographics and clinical information of the PD patients.

Age (years) Gender Handedness score DD (years) UPDRS-III ON-med UPDRS-III OFF-med LEDD (mg) Symptom dominance MG order

01 68 F 19 10 15 26 775 Left Yes 1
02 69 F 19 10 10 11 600 Right No 1
03 65 F 18 6 2 39 1500 Right No 1
04 54 M 18 10 2 23 1500 Left Yes 1
05 58 F 20 10 6 26 400 Right No 1
06 65 F 20 10 18 39 600 Right Yes 1
07 64 M 20 10 4 12 1500 Left No 2
08 59 M 15 6 11.5 19 600 Left Yes 2
09 60 M 14 9 6 13 1150 Right No 1
10 59 M 20 8 7 26 1310 Left Yes 1
11 65 M 16 12 4 17 1100 Right Yes 2
12 60 M 18 10 1 8 1085 Right Yes 2
13 70 F 20 11 9 38 850 Left No 1
14 63 F 20 13 12 21 1200 Left Yes 2
15 52 M 20 6 7 20 1230 Left Yes 2
16 48 F 20 11 1 11 860 Right Yes 2
17 40 M 20 3 1 10 700 Left No 2
18 69 M 20 10 3 19 1100 Left No 1
19 41 M 14 5 1 32 950 Right Yes 2
20 64 F 20 6 14 33 1150 Left Yes 1
Mean 59.6 18.5 8.8 6.5 22 1000

Abbreviations: DD: disease duration; F: female; L: left; LEDD: Levodopa equivalent daily dose; M: male; MG: Micrographia reported by the patient; R:
right. Order 1: OFF then ON and order 2: ON then OFF. Subject 02 was not retained for the analyses.
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- The number of pen lifts, determined from the axial pressure directly measured by the tablet;
- The number of pen stops, determined from the periods during which the pen is in contact with the paper (tablet) and does not vary
its position for at least 30ms. This period allows us to discard the normal stops and to conserve only the abnormal ones (Paz-
Villagrán, Danna, & Velay, 2014);

- The number of velocity peaks, determined after filtering the data with a 4th order low-pass Butterworth filter with a cutoff
frequency of 10 Hz;

- The mean pen altitude, corresponding to the inclination of the pen in contact with the tablet. This altitude was between 0
(horizontal) and 90 degrees (vertical).

- The mean pen azimuth, corresponding to the angle between the pen and the y-axis of the tablet when the pen is in contact with the
tablet (between 0 and 360 degrees);

- The variability (standard deviation) of pen altitude;
- The variability (standard deviation) of pen azimuth.

Note that the pen position (x and y), its altitude, and its azimuth were directly measured by the tablet Wacom.

2.4. Statistical analyses

A three-step analysis was conducted using general linear models (ANOVA). Results highlighting disease or medication effects, as
well as relevant interactions, were considered in the main text (other results are summarized and provided in Supplementary material
2). The level of significance was set to p≤ 0.05. For all ANOVAs, Fisher’s LSD post-hoc tests with Bonferroni’s correction were
applied when necessary.

The aim of the first-step of the analysis was to determine which variables were the most relevant for identifying changes in
drawing movement associated with PD (comparison between OFF patients and controls) and for highlighting medication effects
(comparison between OFF and ON). All variables were submitted to analyses of variance (ANOVA) with the ‘Hand’ condition (left vs.
right), ‘Temporal’ condition (spontaneous vs. fast), and the ‘Spatial’ condition (big vs. small) as repeated measures. The ‘Disease’
(patients OFF vs. controls) was added as a group factor in the first ANOVA, and the ‘Medication’ state (OFF vs. ON) as repeated
measures were considered in the second ANOVA.

On the basis of the findings reported in the first analysis, the most discriminatory variables were selected for the second-step
analysis. The aim of this second-step was to compare performance between the two hands, according to handedness and side-
dominance of PD symptoms. An ANOVA with the ‘Hand’ condition (left vs. right) and the ‘Medication’ state (OFF vs. ON) as repeated
measures, and with the ‘Side-dominance’ of PD symptoms (left vs. right) as a group factor, was conducted in each spatial and
temporal condition. To highlight the clinical potential of evaluating the most discriminatory variable in the most relevant condition, a
correlation test (Spearman rank correlation coefficient) between the OFF-ON medication difference of performance for this variable
and the OFF-ON medication difference in the motor score (part III) of the UPDRS was carried out.

Finally, based on this second analysis, the most discriminatory variable and the most relevant condition were selected for the third
analysis on the temporal distribution of movement dysfluency. Four temporal areas were created by dividing each spiral production
into four equal quarter-times (see Fig. 2.A. for an illustration). These areas were defined as Q1 (first quarter-time), Q2 (second

Table 2
Summary of statistical significances and test power (η2p). *p < .05; **p < .01; ***p < .001. A) Comparison between PD patients (OFF) and
controls. B) Comparison between the two medication states (OFF vs. ON). In white and bold, the two most relevant variables based on the two
statistical analyses.

A) PD-Off vs. controls B) Off vs. On medication

D H×D T×D S×D M M×H M× T M× S

Trace length
Movement duration *; 0.16
Mean velocity *; 0.13 **; 0.20
Lifts
Stops **; 0.17
Velocity peaks **; 0.22 *; 0.24
Mean pen altitude
Altitude variations **; 0.17 *; 0.28 *; 0.24
Mean pen azimuth ***; 0.28 *; 0.16 *; 0.22
Azimuth variations *; 0.29 **; 0.34

Abbreviations: D: Disease effect (PD patients off-medication vs. Controls); H: Hand; T: Temporal constraint effect (Spontaneous vs. Fast); S: Spatial
constraint (Big vs. Small); M: Medication effect (OFF vs. ON).
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quarter-time), Q3 (third quarter-time), and Q4 (last quarter-time). Only the performance with the right hand was considered. An
ANOVA was conducted with the ‘Quarter-time’ condition (Q1, Q2, Q3, and Q4) and the ‘Medication’ state (OFF vs. ON) as repeated
measures, and with the ‘Side-dominance’ of PD symptoms (left vs. right) as group factor.

3. Results

3.1. General analysis

Results of the first-step analysis are summarized in Table 2. The ANOVA revealed that the number of velocity peaks, the pen
altitude variations, and to a lesser extent, the mean pen azimuth, were the most relevant variables in spiral drawing: both the effects
of Disease (Table 2.A) and medication (Table 2.B) were revealed for these variables. In other words, OFF patients produced more
peaks, held the pen differently, and surprisingly, were less variable in pen holding than controls and ON patients.

3.2. Handedness and side-dominance of PD symptoms

A second-step detailed analysis was conducted, for PD patients only, on the three variables identified in the first-step (velocity
peaks, altitude variations and pen azimuth), which included the handedness and side-dominance of PD symptoms as factors. All
statistical results of this second-step analysis are reported as Supplementary material 3. On the basis of the hypothesis that perfor-
mance between the two hands was differently affected by the side-dominance of PD symptoms, only significant results on the double
interaction (Medication×Hand× Side-dominance) are reported here.

The ANOVA revealed a double interaction on the mean azimuth in the production of big spirals at a spontaneous speed (F(1,
17)= 7.74, p < 0.05), but the post-hoc analysis did not show any significant difference functions of medication state (OFF vs. ON) in
either ‘Hand’ nor any ‘Side-dominance’. The analysis also revealed a double interaction in the number of velocity peaks in the
production of small spirals at a spontaneous speed (F(1, 17)= 9.18, p < 0.01). The post-hoc test showed that the medication effect
was present when spirals were produced by the left hand in the left-sided dominance group, and when spirals were produced by the
right hand in the right-sided dominance group (Fig. 1).

The correlation between the OFF-ON medication difference of velocity peaks in drawing small spirals at a spontaneous speed and
the OFF-ON medication difference in the UPDRS – Part III score was significant (Spearman’s rho=0.57, p= 0.01).

3.3. Temporal distribution of velocity peaks

The analysis revealed that the main effect of Medication tends to be significant (F(1, 19)= 4.19, p=0.06). The analysis also
revealed a main effect of Quarter-time (F(3, 51)= 4.58, p < 0.01). Post-hoc tests of the Quarter-time effect showed that velocity
peaks were less numerous in Q4 than in Q3. Interestingly, the post-hoc analysis revealed significant differences between the two
medication states only in the first two quarter-times for patients with right-sided dominance (Fig. 2.B).

Fig. 1. Number of velocity peaks in the production of small spirals at a spontaneous speed by the PD patients off- (OFF) and on- (ON) medication
functions of sided dominance of symptoms in spirals produced with the non-dominant (left) and dominant (right) hand.
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4. Discussion

Spiral drawing is a quick and non-invasive test validated and commonly performed by neurologists. Thanks to the development of
graphic tablets, the visual inspection of the written trace and of the patient’s movements can be completed with several objective and
finer indexes on pen kinematics and holding. For 15 years, a growing attention has been paid to digitalized spiral drawing in order to
better characterize fine motor impairments in PD (Adler et al., 2003; Groznik et al., 2014; Liu et al., 2005; Memedi et al., 2015;
Pereira et al., 2018; Sadikov et al., 2017; San Luciano et al., 2016; Saunders-Pullman et al., 2008; Stanley et al., 2010; Wang et al.,
2008; Zham et al., 2017). Using a data-driven analysis, the present study aimed at identifying “hidden” kinematic and/or dynamic
changes in pen movement and holding for parkinsonian patients ON and OFF medication and for healthy controls by evaluating their
performance under different experimental constraints and produced by both hands.

Which variables are the most relevant for identifying differences in performance? The results of analysis 1 revealed that the

Fig. 2. (A) Illustration of temporal decomposition of movement dysfluency (number of velocity peaks) on spiral drawing by an individual with PD
(ON). The dotted lines mark out the four temporal areas (Q1, Q2, Q3, and Q4). The velocity peaks in each temporal area are illustrated with different
symbols. (B) Number of velocity peaks produced by the PD patients (OFF and ON) in production of big spirals at spontaneous speed, according to the
four temporal areas and the sided dominance of pathology.
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number of velocity peaks and the pen altitude were the most relevant variables in spiral drawing for evaluating the effects of the
disease and medication. Deficits in drawing movement fluency were previously shown in PD by means of an increased normalized
jerk (Teulings, Contreras-Vidal, Stelmach, & Adler, 1997), increased acceleration peaks (Adler et al., 2003) or increased velocity
fluctuations (Sadikov et al., 2017). However, to the best of our knowledge, changes in pen holding observed with pen altitude
variations have never been reported until now. The decrease in pen variations when patients were OFF medication can be discussed
in the light of a shift of distal control of the hand and fingers to a more proximal control of the arm, leading to a freezing of the hand
articulations. This hypothesis is corroborated by Weiss, Dafotakis, Metten, and Noth (2009) who demonstrated that distal and
proximal prehensions are differentially affected by PD, probably due to a different somatotopic organization of subloops between
proximal and distal upper limb movements in the cortico-basal ganglia motor circuits (Tamás et al., 2016).

This first analysis did not provide a clear conclusion on the optimal condition that maximized the effects of dopaminergic
treatment. Unexpectedly, general performance was not impacted by handedness. This might be explained by the side-dominance of
PD symptoms. The relationship between the asymmetry of the disease and the handedness is not clearly established in the literature
(see Stochl et al., 2009; Barrett, Wylie, Harrison, & Wooten, 2011 for opposite results). We thus investigated the relationship between
handedness and dominance of PD symptoms on the number of velocity peaks and on the pen altitude variation and we observed that
the number of velocity peaks was more relevant than the pen altitude variation for evaluating the medication effect in the follow-up
of PD. For this variable only, the medication effect was present when spirals were produced by the hand corresponding to the sided
dominance of pathology. The asymmetry of PD symptoms in spiral drawing was previously investigated by San Luciano et al. (2016).
These authors computed the absolute value of the difference between dominant and non-dominant hand indices, accordingly to
Barrett et al. (2011) who observed a significant association between handedness and the side of the initial symptom of PD. In the
present study, we did not observe such association and we observed that the side-dominance of PD symptoms prevail over the
handedness. It is well known that the localization of electrophysiological changes relates to the laterality of symptoms in PD due to
the asymmetry of dopaminergic deficit (Tamás, Szirmai, Pálvölgyi, Takáts, & Kamondi, 2003). The clinical applications of this finding
are thus potentially significant for the follow-up of PD because this variable could be a biomarker relevant to motor asymmetry of
symptoms in PD (Djaldetti, Ziv, & Melamed, 2006; Stochl et al., 2009).

A spatial constraint (e.g., the small spiral drawing) requires a greater level of on-line visual control, compared to a temporal
constraint (e.g., high speed execution). It is thus reasonable to think that when adding a spatial constraint, PD patients would benefit
from additional visual cues for the task performance. However, our results showed that the spatial constraint was more relevant than
the temporal constraint in the highlighting of performance differences between PD patients and healthy subjects and between the two
medication states. Such an opposite effect was reported recently by Nackaerts et al. (2016) who stated that adding spatial constraints
when writing small loops would conflict with the potential benefit provided by the visual cueing. They argued that the activation of
the dorsolateral network underlying the control of externally-cued movements (including the parietal and premotor cortices and
cerebellum; Nieuwboer, Rochester, Muncks, & Swinnen, 2009) may be precluded by an overly demanding visual constraint or by
visuospatial skills that are impaired in individuals with PD (Cronin-Golomb & Braun, 1997).

Finally, our results showed that the effects of medication state on movement fluency were greater in the first two quarter-times of
the spiral drawing. In other words, Parkinsonian patients OFF medication were much less smooth in the acceleration phase from the
starting point than in the deceleration phase, when the pen was close to the end point. Such an increase of dysfluency may result from
an effect of akinesia that would not only affect the movement initiation but maybe also the early movement production.

5. Conclusions

This study showed that spiral drawing can distinguish between patients with PD and healthy controls, and between patients ON
and OFF medication. In line with previous studies assessing spiral drawing in PD (San Luciano et al., 2016; Saunders-Pullman et al.,
2008; Stanley et al., 2010; Zham et al., 2017), our findings highlight the relevance of the digitalized drawing of a small spiral with
high spatial constraints, completed by analysis of movement fluency and, if possible, pen holding. The correlation between the
difference of movement fluency in the most relevant condition of the task and in the UPDRS –III score suggests that it may well
complement the motor assessment of PD for the follow-up.

One possibility would be to develop and validate a simple digitalized spiral drawing test that could be implemented with a
commercially available tablet in order to evaluate more precisely the upper limb motor deficits across a large population of PD
patients, with the aim of including this test in the follow-up and diagnosis of PD. Note however that a fine evaluation of such
movements requires high (temporal and spatial) resolutions (for instance superior to 10 Hz, Memedi et al., 2015; Sadikov et al.,
2017). Actually, in order to highlight its potential in the early diagnosis of PD (Adler et al., 2003; Pereira et al., 2018; Ponsen et al.,
2008; Rosenblum et al., 2013; San Luciano et al., 2016), it would be interesting to consider de novo PD patients and patients with
parkinsonism symptoms in a longitudinal study to observe if these behavioral signs are already present in the early stages and change
under medication as the disease progresses. Moreover, such a simple drawing task may be proposed with a simple handwriting task,
as writing a word or signing, in order to evaluate the fine motor deficits as functions of the level of movement automation.

More generally, the exponential development of new digitalized tools, including tablets with camera, touch screen and stylus,
with high temporal and spatial resolutions and data storage, led to the possibility of developing applications that record and analyze
in real-time the quality of diverse human movements, as for example gait (e.g., Salarian et al., 2004), tapping (e.g., Shribman, Hasan,
Hadavi, Giovannoni, & Noyce, 2018), and fine (grapho-)motor skills of both hands (e.g., Sadikov et al., 2014). The aim is not to
replace the assessment made by the neurologist but to complete it with quantitative measurements of movement disorders.
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