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� New methods for computerized spiral analysis are proposed, which outperform the usual velocity
method.

� They provide new insight into tremor amplitude and frequency variations.
� They were implemented on a computer via a digitized tablet.

a b s t r a c t

Objective: Spiral drawing is one of the standard tests used to assess tremor severity for the clinical eval-
uation of medical treatments. Tremor severity is estimated through visual rating of the drawings by
movement disorders experts. Different approaches based on the mathematical signal analysis of the
recorded spiral drawings were proposed to replace this rater dependent estimate. The objective of the
present study is to propose new numerical methods and to evaluate them in terms of agreement with
visual rating and reproducibility.
Methods: Series of spiral drawings of patients with essential tremor were visually rated by a board of
experts. In addition to the usual velocity analysis, three new numerical methods were tested and com-
pared, namely static and dynamic unraveling, and empirical mode decomposition. The reproducibility
of both visual and numerical ratings was estimated, and their agreement was evaluated.
Results: The statistical analysis demonstrated excellent agreement between visual and numerical ratings,
and more reproducible results with numerical methods than with visual ratings.
Conclusions: The velocity method and the new numerical methods are in good agreement. Among the
latter, static and dynamic unravelling both display a smaller dispersion and are easier for automatic anal-
ysis.
Significance: The reliable scores obtained through the proposed numerical methods allow considering
that their implementation on a digitized tablet, be it connected with a computer or independent, provides
an efficient automatic tool for tremor severity assessment.
� 2017 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights

reserved.
1. Introduction (FTM) tremor rating scale (1993), dedicated to essential tremor
Hand drawing and/or writing analyses have been used for a
long time to document tremor severity. The Fahn-Tolosa-Marin
(ET), integrates visual ratings of hand drawn spirals on a (0–4)
point scale (score B). To improve precision and reliability, Bain
et al. (1993) provided a broader gradation with an (0–10) point
clinical tremor rating scale. These widely used visual scales are
subject to intra and interrater variability (Stacy et al. 2007;
Haubenberger et al. 2011). Assessment of tremor amplitude by
visual inspection may hence be delicate, while signal analysis can

http://crossmark.crossref.org/dialog/?doi=10.1016/j.clinph.2017.07.002&domain=pdf
http://dx.doi.org/10.1016/j.clinph.2017.07.002
mailto:andre-pierre.legrand@espci.fr
http://dx.doi.org/10.1016/j.clinph.2017.07.002
http://www.sciencedirect.com/science/journal/13882457
http://www.elsevier.com/locate/clinph


1824 A.P. Legrand et al. / Clinical Neurophysiology 128 (2017) 1823–1834
provide a reliable measure of it (Miralles et al. 2006; Kraus and
Hoffmann, 2010). The Bain rating scale was validated by Kraus
and Hoffmann, (2010), except for a few examples of spirals.

Digitising tablets have been increasingly used to automate the
quantification of hand drawn spirals and writing capabilities
(Lacquaniti et al. 1987; Elble et al. 1990; Marquardt and Mai
1994; Elble et al. 1996; Pullman 1998; Mergl et al. 1999;
Erasmus et al., 2001; Liu et al. 2005; Ondo et al. 2005; Wang
et al. 2005; Feys et al. 2007; Zeuner et al. 2007; Hsu et al. 2009;
Viviani et al., 2009; Schneider et al. 2010; Bajaj et al., 2011;
Haubenberger et al. 2011; Louis et al. 2012; Michalec et al.,
2014; Hess et al. 2014; Sisti et al. 2017). In these studies, several
parameters were used to characterize the tremor. The most fre-
quently used parameter is the Fast Fourier Transform (FFT) of the
pen-tip velocity. As the objective is to extract information about
the intensity on a frequency domain of interest, the signal needs
to be filtered. This may be done through derivation or filtering in
a frequency range from one or three to ten Hz. Assuming the sta-
bility of the tremor frequency during the record, the FFT provides
an estimate of the intensity or amplitude of the tremor by integra-
tion on a short frequency domain around the spectral peak
(depending on the studies). Such a parameter was shown to corre-
late with the FTM or Bain scores attributed by raters, and to be less
dispersed than these ratings.

In this paper, we propose three new computerized rating meth-
ods which compete with the velocity analysis methods. Such
methods are compared for reliability in view of their implementa-
tion in automatic software analysis. We then correlate the quanti-
tative measures of tremor derived from these methods with the
scores from the visual ratings of experts on a series of hand drawn
spirals.
2. Methods

2.1. Patients

Thirteen patients diagnosed with essential tremor (mean age:
54.5 ± 19 years, range 23–74) and little or no improvement with
pharmacological treatment were included in the study (Table 1).
Diagnosis of ET was established on the basis of the Movement dis-
orders consensus criteria (Deuschl et al., 1998). Patients had bilat-
eral postural/action tremor for more than 1 year. Two patients
were treated for their tremor with beta blockers, and kept the
doses unchanged throughout the study. The other patients did
not receive any anti tremoring treatment. The patients did not
receive benzodiazepines, anti-epileptic or antidepressant medica-
tion and were requested to avoid alcohol during the whole course
of the study. Only one patient was taking medications that could
affect tremor; this patient (#10) received levothyroxine for
hypothyroidism. No restriction of caffeine was planned during
the procedure.

The experimental procedures were approved by the local ethics
committee ‘‘Ile de France VI – Groupe Hospitalier Pitié-Salpêtrière”
and conformed to the Declaration of Helsinki. All the subjects gave
their written informed consent before any procedure.
1 Neurologists and movement disorder specialists experienced in the collection of
Archimedean spirals.
2.2. Spiral drawing and collection

A digitising tablet (Wacom, Bamboo Fun Medium Pen&Touch;
sampling rate 133 Hz, precision ± 0.25 mm) was used to record
the drawings. The template is a 6-turn clockwise Archimedean spi-
ral, with an inter-loop of 9 mm printed on a paper centred on the
digitizing tablet. Patients had 2 visits with a 3 month gap between
them. At each visit, they drew 4 spirals with their dominant hand
and the drawing arm unsupported, using a Wacom pen. Before the
patients start to draw, the centring of the spiral using the Wacom
pen is done by the operator. For two of the spirals, they were
instructed to keep the pen ‘‘between” the template’s printed lines,
and for the remaining two, to draw ‘‘on” the printed lines, in both
cases from the inside to the outside, with no limitation of time for
drawing. Owing to the tablet used here, patients were not able to
visualize their actual drawing during the record. Due to some tech-
nical issues and/or bad patients’ compliance to the experiment, 20
spirals had to be withdrawn from the data set, leaving 92 spirals
(45 ‘‘between”, 47 ‘‘on”) for analysis.

2.3. Visual rating

The 92 digitized spiral drawings were printed and anonymized.
Spiral drawings were visually rated off line by 7 independent
blinded raters1 twice at a few weeks interval, using Bain rating scale,
the scores of which range from 0 (no tremor) to 10 (tremor too sev-
ere for a spiral to be recognisable as such).

2.4. Computerized methods of analysis

The digitised spiral drawings included air points, i.e. X, Y coor-
dinates of the pen-tip at less than 16 mm from the tablet surface.
When higher distance values appeared (a rare event) during a short
time an interpolation between the last and next contacts was done,
and some erratic initial or final contacts were excluded. After these
pre-processing steps, the 92 spiral drawings were analysed using 4
different methods. In order to enable comparisons between them,
the same drawing (a spiral drawing ‘‘on” the template) is used all
along the next figures.

2.4.1. Velocity based method
Several authors (Elble et al., 1990, 1996; Mergl et al., 1999) used

the spectra of the X and Y velocities to estimate the intensity
around the tremor frequency in amplitude or power. Others
(Wang et al. 2005; Feys et al. 2007) used either the intensity of
the main peak or the root mean square of the velocity after a win-
dow filtering. (Haubenberger et al., 2011) preferred the area under
the curve of a 2 Hz-window around the spectral peak. Here, the
spectra of the X and Y velocities were fitted with a Gaussian curve
centred on the action tremor frequency, without filtering. To take
the anisotropy of the drawing into account, the X and Y areas under
the curves were averaged to obtain the characteristic amplitude of
the tremor. Spectral tremor peak frequency (Hz), amplitude (mm/
s) and Gaussian fits are shown on Fig. 1. The corresponding
descriptor will be referred as ‘‘V” in the following. The variability
of the method depends on the operator’s Gaussian fits. To evaluate
the reproducibility of the V values, two couples (X and Y) of
Gaussian fits were performed.

In addition to this baseline method, we propose three new
methods.

2.4.2. Static and dynamic unravelling based methods
Unravelling consists in the conversion of a spiral drawing from

Cartesian to polar coordinates and was introduced by Pullman
(1998) and Saunders-Pullmann et al. (2008). It was shown (Wang
et al. 2008) that an inaccurate centring of the spiral results in an
oscillation around the polar line, and that was also observed in
our records, see Fig. 2. It can be interpreted as an involuntary posi-
tioning error made by the operator and/or patient when handling
the Wacom pen. This was observed for ‘‘on” as well as for ‘‘be-
tween” template spirals. In order to analyse the fluctuations of



Fig. 1. X (a) and Y (b) velocities and their spectra obtained by Gaussian fit around tremor frequency. The drawing was performed ‘‘on” the template spiral. The areas under the
two curves are averaged to obtain the V descriptor value reflecting the tremor intensity.

Fig. 2. (a) Ideal Archimedean spiral centred at (0, 0) (black) and offset (2, 2 mm) (grey); (b) Polar transform for centred (black) and offset (grey).

Table 1
Clinical profile of the patients.

Patient Sex Age Disease duration
(years)

FMT Score Total
[/156]

FMT Score Part A
[/88]

FMT Score Part B
[/36]

FMT Score Part C
[/32]

Familial
History

Treatment with beta
blockers

1 M 71.6 4.2 34 11 16 7 na no
2 M 44.3 35.2 28 8 14 6 yes no
3 M 64.8 52.3 43 13 19 11 no no
4 M 23.4 8.3 30 7 17 6 yes no
5 M 70.3 16.4 59 15 22 22 yes yes
6 F 63.1 28.9 26 9 11 6 yes no
7 M 22.7 8.0 25 9 12 4 yes no
8 M 74.4 23.0 34 5 18 11 no no
9 F 72.4 20.1 51 16 20 15 no no
10 M 38.1 24.1 38 6 23 9 yes no
11 M 52.3 34.2 30 11 13 6 yes no
12 F 71.5 8.2 42 8 23 11 no no
13 F 39.1 30.0 41 9 18 14 yes yes
Mean 54.5 21.9 37.0 9.8 17.4 9.8
(SD) (19.0) (14.2) (10.1) (3.3) (4.1) (5.0)

Abbreviations: FMT = Fahn-Tolosa-Marin rating scale; SD = standard deviation; na = not available; M = male; F = female.

A.P. Legrand et al. / Clinical Neurophysiology 128 (2017) 1823–1834 1825
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the drawing around the template spiral, this positioning or parallax
error has to be taken into account.

As shown on Fig. 3, the focused point (q = ah) is different from
the recorded point (q0, h0) with a parallax (a, b) assumed not to
change along the drawing. Consequently:

q02 ¼ a2:h2 þ ða2 þ b2Þ þ 2:a:a:h: cosðhÞ þ 2:b:a:h: sinðhÞ

which can be approximated as:

q0 � a:hþ a:cosðhÞ þ b: sinðhÞ ð1Þ

assuming that:

a2:h2 >> ða2 þ b2Þ

Eq. (1) can be used to fit the unravelled polar plot (Fig. 4), leaving
the residual fluctuation for analysis. Two new descriptors were
Fig. 3. Parallax effect on the recorded point.

Fig. 4. A typical patient drawing with a noticeable parallax effect.
derived from this residual in order to characterize the amplitude
of the tremor:

a. First descriptor: The mean square deviation of the residual: This
descriptor is referred to as ‘‘URS” (URS for UnRavelling Sta-
tic) in the following. Note that a similar characterisation
was done using the velocity instead of the above residual
in Feys et al. (2007). Operator-dependent choice of the
start- and end-points of the spirals is the main source of
variability. To assess the reproducibility of the URS value,
three different choices of 0.25 radian start- and end-angle
cuts were tested.

b. Second descriptor: The area under a Gaussian curve fitted to the
FFT of the residual around the typical tremor frequency,
which is the same as the one observed on accelerometric
or electromyographic records, see Fig. 5. This descriptor is
referred to as ‘‘URD” (URD for UnRavelling Dynamic) in the
following. Choice of the start- and end-points of the spirals,
and of the Gaussian fits participate both in the variability of
the results. In order to quantify the variability of both
sources, two different fits were performed for the three
choices of the start- and end-points described for the URS
values.

2.4.3. Empirical Mode Decomposition (EMD) based method
This method was first used to analyse gyroscope displacement

during physiological movements, in particular for spiral drawing
follow up (de Lima et al. 2006). It was also applied to study effects
of fatigue on electromyographic signals (Xie and Wang 2006).

Whereas the velocity method as well as the two previously
introduced unravelling methods assumed a stationary state all
along the time window, EMD is suited for the nonlinear analysis
of non-stationary signals. EMD can be viewed as a sifting process,
decomposing the signal into its different components i.e. the
Intrinsic Mode Functions (IMFs), from the faster to the slower.
These components can be analysed as function of frequency,
amplitude and time. The goal is here is to split signals linked to fast
motion from those linked to slow motion, i.e. the tremor from the
voluntary drawing (de Lima et al. 2006). We performed EMD using
the software developed by Flandrin et al. (http://perso.ens-lyon.
(a) Unravelled Patient drawing; (b) Fit obtained using Eq. (1).

http://perso.ens-lyon.fr/patrick.flandrin/emd.html


Fig. 5. (a) Residual fluctuation (URS = mean square deviation of d(Rho)); (b) Spectrum and Gaussian fit (URD = Gaussian amplitude).
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fr/patrick.flandrin/emd.html). Fig. 6 shows the different IMFs of the
X component of our spiral example.

The possibility to dissociate tremor from voluntary movement
is illustrated on Fig. 7, where the X and Y components of the signal
were decomposed into IMF1 (tremor) on one hand, and the
remaining IMFs + the residue (voluntary movement) on the other
hand.Third descriptor: The average areas under Gaussian curves
fitted of first FFT IMFs

Fig. 8 shows that the first IMF contains the main part of the tre-
mor. Thus, we chose to characterize the amplitude of the tremor
using the first IMF. Like for the velocity analyses the areas were
averaged over X and Y. The resulting descriptor is referred to as
‘‘EMD” in the following. As for the V descriptor, the variability of
the EMD based method is mainly due to the operator-dependent
Gaussian fits. To evaluate the reproducibility of the EMD values,
two different couples (X and Y) of Gaussian fits were performed
for each spiral.
Fig. 6. EMD of the X component. For this drawing, 7 IMFs were obtained from the
X-position signal, with a residue. Vertical scales are in mm. The three first IMFs have
amplitudes lower than the four next ones.
2.4.4. Evolution of the tremor amplitude and frequency over time
Visual or numerical ratings aim to determine the average tre-

mor frequency as well as its intensity. Due to the implicit assump-
tion of the stationarity of the signal representing the spiral (see
above), these ratings do not take the temporal aspects of the draw-
ing into account. Time-frequency analysis could help to character-
ize the non-stationarity of the signal. Indeed, wavelet based
analysis of the evolution of the tremor frequency and amplitude
peak of the drawing was used to distinguish ET from Parkinson
(Kragelj et al. 2014).

Such an analysis could also be performed coupled to EMD. The
time course of the first IMF, characterizing the tremor itself, can be
conveniently studied using the Hilbert-Huang Transform (HHT) or
Short Time Fourier Transform as shown in Fig. 9, fluctuations of
tremor frequency and intensity are evidenced. The amplitude of
the main frequency peak clearly oscillates around its main value
of 6 Hz.

Frequency peaks of variable amplitude can be observed. In the
1–6 Hz domain, different peaks are associated to periodical fluctu-
ations of the main ET amplitude. This phenomenon was observed
on many patients of this series. Although these variations through
time are rarely tackled in the literature, they might be of interest
for further studies.
2.4.5. Statistical analysis
The interrater agreement, i.e. the agreement between the two

scores of the raters at a few weeks interval was evaluated using
Cohen’s weighted kappa with quadratic weights (Fleiss et al.,
1969). Cohen’s weighted kappa was also used to quantify he inter-
rater agreement, i.e. the agreement between the mean scores of a
couple of raters. Note that the intraclass correlation coefficient
ICC(2,1) of Shrout and Fleiss (1979) was shown to be asymptoti-
cally equivalent to Cohen’s weighted kappa with quadratic weights
(Fleiss and Cohen 1973), and indeed provides the same values on
our data. The intraclass correlation coefficient ICC(2,1) was used
to estimate the overall interrater agreement, i.e. the agreement
of the mean scores of the seven raters.

As already observed by several authors, the relation between
the raters overall mean score and the different computerized
scores is essentially logarithmic. Haubenberger (2011) mentions
Fechner’s law of psychophysics ‘‘which predicts a relationship
between perceived magnitude (e.g. clinical tremor rating scale;

http://perso.ens-lyon.fr/patrick.flandrin/emd.html


Fig. 7. Decomposition of a spiral drawing (‘‘on” the template spiral) into tremor and voluntary movement. (a) Original patient drawing; (b) Template and summation of IMFs
2 to 7 + residue (res); (c) first X and Y IMFs amplitudes.

1828 A.P. Legrand et al. / Clinical Neurophysiology 128 (2017) 1823–1834
TRS) and the log of the measured amplitude”, as also demonstrated
in Elble et al. (2006). Thus, the four descriptors were log-
transformed, i.e. transformed into magnitudes. Furthermore, in
order to provide scores comparable to those of the raters, these
magnitudes were rescaled in the interval [0; 10] using an affine
transformation calibrated on the first series of measurements,
namely V, EMD, URS and URD scores.

Thanks to the repeats (2 for the V score and the EMD score, 3 for
the URS score and 6 for the URD score), the variance of the differ-
ences sources of variability (Gaussian fits and choice of the start-
and end-points of the spirals) could be estimated.

The ICC(2,1) was used to estimate the agreement between the
log-transformed and rescaled repetitions of a given computerized
method, as well as the overall agreement between the four com-
puterized methods.

The linearity between the mean expert rating and the mean
score of a method (in rescaled magnitude) was tested using the
Kolmogorov based non-parametric test developed by Passing and
Bablok (1983).

3. Results

3.1. Intra and interrater agreement

The intrarater agreement, i.e. the agreement between the two
scores of each of the 7 raters was first evaluated separately for
the spirals drawn on and between the printed lines (47 and 45 spi-
rals respectively), using Cohen’s weighted kappa with quadratic
weights. The intrarater agreement was excellent for all the raters,
both for the spirals ‘‘on” (kappa between 0.87 and 0.96) and the
spirals ‘‘between” (kappa between 0.91 and 0.96). Since the slight
average superiority of the agreement spirals ‘‘between” was not
systematic and not significant considering the confidence intervals,
we decided not to make the distinction between the two types of



Fig. 8. FFT of the 3 first IMFs of X component. Spectra and Gaussian fits around tremor frequency.
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spirals anymore. Evaluated on the 92 spirals, the kappa values for
the two scores of the 7 raters were in the interval 0.896 – 0.955.

The interrater agreement was then measured for all couples of
raters using the mean of their two scores: the corresponding kappa
values were in the interval 0.80 – 0.95. The overall interrater agree-
ment was measured by the intraclass correlation coefficient ICC
(2,1) of Shrout and Fleiss, with a point estimate of 0.88 and a
95% confidence interval of [0.80; 0.92]. This interrater agreement
can be conveniently visualized on Fig. 10.
3.2. Reproducibility and agreement between the computerized
methods

Thanks to the repeats, the variance due to operator choices
(Gaussian fits and choice of the start- and end-points of the spirals)
could be estimated for each of the computerized methods on the
log-transformed and rescaled magnitudes. For both the V and the
EMD scores, the variation was due to the Gaussian fits and two
repeats were available, leading to standard error estimates with
92 degrees of freedom (d.o.f.). For both methods, the standard error
estimate equals 0.38, with ICC(2,1) values of 0.97 and 0.96 for the V
and EMD score respectively. The variability of the URS score, due
choice of the start- and end-points of the spirals, could be esti-
mated using three repeats, leading to a standard error estimate
of 0.11 (with 184 d.o.f.) and to an ICC(21) of 1.00. The variability
of the URD score is due both to Gaussian fits and spiral cuts. Since
2 Gaussian fits were performed for 3 different cuts, we could esti-
mate the standard error due to the Gaussian fits at 0.13 with 276 d.
o.f. Using only the first of the two Gaussian fits for each spiral cut,
we obtain a global standard error (due to both Gaussian fit and spi-
ral cuts) of 0.16 (with 184 degrees of freedom). Hence a standard
error due to the spiral cuts of 0.09. The major part of the variance
is hence due to the Gaussian fits. Thus, In the following, we con-
sider the 6 repeats of URD as independent, with a global standard
deviation of 0.16, and an ICC(2,1) of 0.99. Thus, the variability of
the four scores is lower than the variability of an expert’s notation.
The reproducibility of the four computerized methods can be visu-
alized on Fig. 11.

Finally, the overall agreement of the four computerized scores
can be characterized by their intraclass correlation coefficient ICC



Fig. 9. Transforms of the first IMF X component. (a) Hilbert-Huang spectrum; (b) Short Time Fourier Transform. Colour bars correspond to a linear amplitude scale.

Fig. 10. Interrater agreement. The mean score of a given rater almost never differs
by more than 2 points from the raters overall mean score, with an intraclass
coefficient value of 0.88 (95% confidence interval [0.80; 0.92]).
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(2,1) of their mean values, which equals 0.91 (95% confidence
interval [0.87; 0.93]).

3.3. Agreement between the visual rating and the computerized
methods

The agreement between the mean rating of the experts and the
mean rating of each computerized method can be evaluated using
the ICC(2,1), leading to values of 0.74, 0.74, 0.84 and 0.85 for the V,
EMD, URS and URD scores respectively. Mean expert ratings and
scores are shown in Fig. 12.

For the URS and URD scores, similarly to the expert ratings, the
mean score almost never differs by more than 2 points from the
raters overall mean score. Moreover, one has to note the less dis-
persed values obtained with the computerized methods, especially
URS and URD. However, a test of linearity shows that none of the
rescaled magnitudes is a strictly linear function of the expert
rating.
4. Discussion

4.1. Overall comparison

Intrarater agreement was good for all the raters, for both the
spirals ‘‘on” and the spirals ‘‘between”. Interrater agreement was
also high (ICC(2,1) of 0.88): visual rating scores were, for a given
spiral, at a distance of 2 or less rating points from the overall mean
on Bain (0–10) point scale.

The overall agreement of the four numerical methods of analy-
sis was excellent (ICC(2,1) of 0.91). Like the visual rating scores, the
computerized spiral score analysis did not show any significant dif-
ference between the spirals ‘‘on” and the spirals ‘‘between”.

In order to compare the numerical methods of analysis with
visual rating, the parameter values obtained via these methods
had to be converted in their logarithm values. Once expressed in
magnitudes, the numerical ratings were shown to be in good cor-
relation with the visual rating (Pearson correlation coefficients
between 0.79 and 0.87), with a slight advantage for our three
new methods, especially URD (0.87). Once converted in scores
between 0 and 10 with a fixed affine relationship calibrated on
the first measurement, the numerical ratings were also in excellent
agreement with the visual rating (CC(2,1) between 0.74 and 0.85),
the best agreement being again obtained with URD.

Thus, our new numerical methods are able to provide more
reproducible ratings than the experts, while being in excellent
agreement with their mean rating.
4.2. New insights provided by the proposed numerical methods

In addition to their reproducibility and accuracy, the unravel-
ling methods enable to obtain two types of information. Like the
Bain rating scale, unravelling static (URS) provides a quantification
of the amplitude of the tremor. Unravelling dynamic (URD) pro-



Fig. 11. Reproducibility of the computerized scores. Column 1: linear scale value plot. Column 2: affine transform magnitude plot, in the interval [0; 10] using a calibration
obtained on the first series of measurements.

A.P. Legrand et al. / Clinical Neurophysiology 128 (2017) 1823–1834 1831



Fig. 12. Means of the values (left vertical scale) and means of the log and affine transformed computerized scores (right vertical scale) as a function of the raters overall mean
scores, and corresponding Pearson correlation and ICC(2,1) values. For each spiral, the vertical and horizontal bars are the standard deviations estimated with the repeats.
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vides information on the amplitude and also on the frequency of
the tremor.

Moreover, as shown on Fig. 12, the mm URD scale value range is
of three orders of magnitude, which may enable a more sensitive
quantification of the effect of the clinical treatment. Finally, fluctu-
ations of frequency and amplitude of ET during the time of obser-
vation are likely to be evidenced with such methods of analysis.
The latter information may also be of interest for the study other
movement disorders.

Finally, although EMD proves less efficient than URD and URS, it
might be used for different types of freehand drawing analysis. As a
matter of fact, the method does not depend on assumptions made
about the drawing, such as the Archimedean shape, so that the
analysis of the first IMF’s gives insight into any type of drawing
done by a patient.

4.3. Spiral Analyser software

In order to enable an easy and fast analysis, we have developed
a stand-alone Matlab application, available upon request2, which
determines the URS and URD values directly from the data record.
Moreover, the operator is free to cut beginning and/or end parts of
the patient drawing by different amounts and to visualize the corre-
sponding evolution of the URS and URD values as well as their means



Fig. 13. Tremor determination. Left: data just as imported. Right: analysis done with 4 different sequences, 200 points being removed at the beginning and at the end from
one sequence to the next one. Standard deviations of scores and in mm give information on the reliability of such analysis.
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and standard deviations. Different facilities are provided to improve
the analysis (Fig. 13).
5. Conclusion

Different publications have proposed methods of characterisa-
tion to complement and replace visual rating scores on FTM and
Bain rating scales, in order to improve reliability and objectivity
in ET routine and clinical assessment trials. Spiral drawing analysis,
sometimes denominated spirography, is one of the usual tests for
documenting tremor. The digital conversion of spiral drawings
enables the use of mathematical methods of analysis to quantify
tremor amplitude, the most common method of analysis relying
on the Fourier spectrum of the velocity. Here, we have proposed
three original methods of characterisation which outperform the
velocity analysis, are more reproducible than the expert rating,
and hence are likely to be implemented in an easy-to-use alterna-
tive system. Moreover, they provide valuable complementary
information on tremor amplitude and frequency variations over
time that could be used to improve the diagnosis.
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