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Abstract

Objectives: Fine motor skills disorders belong to the neurological manifestation of Wilson’s disease. The aim of this study is to investigate
if fine motor performance changes during the course of the disease and with therapy. Methods: In 15 neurological patients with Wilson’s
disease, severity of neurological symptoms was assessed with a neurology score. A test battery consisting of the hand writing of a test
sentence, lines of “double-I” and retracing a circle was carried out for analysis. By means of a computer-aided analysis of the patient”s
handwriting, 10 kinematic parameters of the writing trace were calculated. These parameters were determined once at the very beginning
of the study and then again after 7 years. Results: Improvement of clinical symptoms was observed after onset of therapy only within
the first 2 years. In contrast to the standard population, a reduced degree of automation could be detected both at the beginning and
at the end of the 7-year interval. There was no significant change in 8 out of the 10 kinematic parameters during the observation period,
2 deteriorated. Discussion: The absence of a significant increase in fine motor disturbances proves, on the one hand, the efficacy of
the therapy regime applied. On the other hand, the end point of a possible reversibility had been reached. A computer-aided analysis
of the patient’s handwriting allows for a sensitive detection of the “functional scar” in the extrapyramidal control and can subsequently

prompt a timely correction of therapy in case of progression.
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Introduction

Wilson’s disease is an autosomal recessive disorder
of the hepatic copper metabolism leading to a biliary
copper excretion dysfunction.” The corresponding
gene defect is located on the long arm of chromosome
13 in the 13q14-21-Locus.B4 Up to now, approximately
250 different mutations of the ATP7B-gene have been
identified.®! Most mutations are rare, only a limited
number is common and specific to a certain group of the
population. Mutation H1069Q) is the most common one
in Europe with an allele frequency of 65%.6!

According to the presence of either hepatic or neurological
and, as the case may be, also psychiatric symptoms, a
division into either hepatic or neurological types of the
disease is established.

Basal ganglionic and cerebellar disorders are
characteristics of the neurological course of the disease.
On the onset of symptoms, different manifestations,
such as rigor, tremor, dystonia, ataxia, choreoathetosis,

gait disturbances, hypersalivation, dysarthria and fine
motor skills disturbances present in great variability.!6]

Fine motor performances require anintactbasal ganglionic
and cerebellar control. Automated handwriting skills, in
particular, as movements relevant to our day-to-day
lives, depend on exact motor control. In the neurological
type of Wilson’s disease the cerebellar part is primarily
affected, whereas the basal ganglionic part of this control
is affected to a much lesser degree.['"")

The morphological correlation for this is the presence
of basal ganglionic lesions (putamen, substantia nigra,
nucleus ruber) and a cerebellar atrophy apparent in
MRI diagnostics.?*! In T2-weighted MRI the so-called
“status spongiosus” is characteristic of the toxic impact
of copper.

Early therapy can result in almost complete reversibility
of extrapyramidal symptoms. Former studies have
shown that after 2 years of therapy, persisting symptoms
are irreversible.'”?*%] Therefore, early initiation of
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therapy is crucial to limiting the severity of persisting
disturbances. !

The following study examines the fine motor deficit in
the generation of the writing trace during the course of
therapy of Wilson’s disease. The aim of the study is to
find proof if the fine motor deficit evident in the patient’s
writing trace can either be stabilised or even decreased
under sufficient copper-removing therapy over the
course of 7 years.

Materials and Methods

Patients

For the recruitment of data, 15 neurological patients (10
women, 5 men, median at first examination 44 years,
youngest 31 years, oldest 63 years) were examined.
An intravenous radio copper test?®”] confirmed that all
patients were in fact suffering from Wilson’s disease.
They had all been in long-term drug therapy for at least
2 years prior to the first examination in 1999.

After diagnosis, all patients were put on a progressive
chelation therapy with either D-penicillamine (DPA)
or trientine, initially administered in small doses.
During the subsequent period, up to 1999, 6 patients
were changed to a therapy with zinc salt and 9 patients
received adjusted doses of chelating agents on the basis
of follow-up examinations of both the clinical symptoms
and the copper metabolism which were carried out
annually. After 1999, none of the patients were subjected
to a further change of therapy, only some drug dosage
adjustments were made.

The following neurology score [Table 1] depicts the
characteristics of neurological symptoms, first at the
time of diagnosis as initial baseline degree of severity,
then again at the time of the first fine motor examination
in 1999 and finally after an interval of 7 years in 2006.*

CS-Writing test

A graphic tablet (company of Borgemann, Dortmund)

Table 1: Neurology score!'!

Extrapyramidal motor
symptoms
Fine motor disturbance

Evaluation of disturbance
in a Neurology score

Dysdiadochokinesis Very severe 5
Rest and postural tremor Severe 4
Abnormality of muscular tone Medium 3
Ataxia Light 2
Brady-/Hypokinesis

Gait disturbance

Only dysarthria 1
Nothing 0

29

allowed for a documentation of the writing sample
under natural conditions [Figure 1]. With this tablet, the
location of the tip of the ballpoint pen was registered at
a chronological resolution of 200 data points per second.
The graphical and statistical evaluation of the registered
writing trace as well as the calculation of the kinematic
parameters were carried out applying the “CS” computer
program (MedCom Publishing Company, Munich).?!

In the present study, writing a test sentence (“Die Wellen
schlagen hoch.” — “The waves are rising high”.), writing
lines of “double-1” for 10 s as well as drawing and
repeatedly retracing a circle for 3 s were the set tasks
up for analysis. The patients were asked to carry out
the tasks swiftly in the sense of an automated writing
movement.

For the purpose of facilitating the statistical evaluation,
the writing trace was divided into up- and down-strokes,
which formed the basis of further calculation (segment
analysis).[31

The number of inversions in velocity within one up-
or down-stroke respectively (NIV) and the frequency
(number of up- and down-strokes per second) were the
kinematic parameters of the writing trace determined
here. The corresponding acceleration profile (number
of inversions in acceleration, NTA) is at a maximum
before the maximum velocity and at a minimum after the
maximum velocity [Figure 2].°% The standard values of
156 test volunteers are contained in Table 2. Maximum or
minimum values for NIV, NIA, frequency and required
time for sentence were consulted for reference."!

Statistics

By subjecting the resulting data matrix of fine motor
skills parameters to the Kolmogorow-Smirnov test, a
normal distribution could be ruled out. Consequently,
the median was hence used as localization criterion. For

Figure 1: Graphic tablet
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Table 2: Standard values of the kinematic parameters of the writing trace

NIV * NIA* Frequency* Time required*
Test sentence 1.3+£0.21 2.4+0.17 5.2+0.31 Hz 9.6 £ 1.31 sec
maximum < 2.0 maximum < 3.0 minimum > 2.0 maximum < 15 sec
“Wn” 1.2 £ 0.19 2.2 £0.19 5.6 + 0.42 Hz
maximum < 2.0 maximum < 3.0 minimum > 2.0
Circle 1.3 £ 0.17 2.5 +0.23 5.4 £ 0.36 Hz

maximum < 2.0

maximum < 3.0

minimum > 2.0

*: values outside maximum or minimum are regarded as confirmed abnormal®®®

Figure 2: Velocity (V) and acceleration (A) profile of a normal movement
segment next to an abnormal one (schematical)

the purpose of comparing the two cohorts, dependent
random samples had to undergo the Wilcoxon test,
whereas the Mann-Whitney U test was applied to all
independent random samples. The level of significance
was set at P <0.05.

Results

Neurology score

The study substantiated improvements of neurological
symptoms in all patients compared with their respective
pathology at the time when therapy was first initiated.
The files of the follow-up examinations carried out at
intervals of 1 or 2 years documented that symptoms
continued to improve for the first two years of therapy.
Thereafter, symptoms remained constant until the time
of the first examination (1999) that was carried out in
the context of the present study. The median degree
of improvement is 2 points in the neurology score. In
the following 7-year observation interval, no further
clinical-neurological improvements or changes occurred
[Table 3].

CS writing test

At the time of the first examination in 1999, the kinematic
parameters of all three tests (test sentence, “double-1”
and circle) show a disturbance in the fine motor control

of the writing motor function in contrast to the standard
population. Raised median values of both the NIV and
NIA are indicative of this, whereas the median frequency
of the writing trace (up- and down-strokes) still remains
within the lower normal range at 2.99 Hz (test sentence),
2.29 Hz (“double-1”) and 3.02 Hz (circle). The time
required to complete the test sentence does not exceed
the set time limit. A total of 6 out of the 10 median values
of the kinematic parameters determined are abnormal
[Table 3].

Eight out of the 10 kinematic parameters present no
significant change at the end of the 7-year interval. Over
the course, the median NIA (6.43) and median frequency
(1.64 Hz) during the “circle test” show substantial
deviations (deteriorations) compared to 1999 (p < 0.05)
and are abnormal. The NIV median (3.25) is also raised
in this test but does not differ significantly from the value
determined in 1999.

During the test sentence, both the median NIV parameter
(2.02) and the median time required to write the test
sentence (16.81 sec) deviate from the norm. The “double-1
test” continues to present abnormal values of the NIV
(2.26) and NIA (3.95), while the frequency still remains
within the norm. In contrast to the control group, 7 out
of 10 fine motor parameters show abnormal median
values [Table 3].

Comparison of medication

The 15 patients were divided into two therapy cohorts
according to the type of subsequent long-term therapy
that followed their initial therapy regime with chelating
agents: 6 patients on zinc salts and 9 patients under
further therapy with DPA or trientine [Table 3].

Between 1999 and 2006, the therapeutic effect that had
been achieved with initial therapy of DPA or trientine
was maintained under both the chelating agent therapy
and the changeover to treatment with zinc salts. Neither
cohort showed any changes in the neurology score.

The difference between the 10 kinematic parameter
values of 1999 and 2006 was calculated for the purpose
of reviewing possible effects of therapy on the patient’s
fine motor performance. The resulting values were
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attributed to the two therapy groups (chelating agents
vs. zinc) and tested for significant differences by
carrying out the Mann-Whitney U test. In 9 out of the
10 parameters examined, these differential values were
in fact independent of the therapy regime applied. Only
the difference of the writing frequency during the “circle
test” was significant (p <0.05), and is much higher under
DPA therapy.

Discussion

The automated control of movements as regards
time and tonus is dependent on an intact reciprocally
inhibiting interconnection of the basal ganglia and
the cerebellar coordination.?*%! These control systems
correspond to the exposed vulnerable structure in the
context of a copper intoxication of the central nervous
system.”” Both the morphological irregularities in
MRIP#*¥! and the traceable metabolic deviations in the
[¥F] FDG-PET ¥l substantiate structural and functional
lesions in the basal ganglia and the cerebellum in
the presence of Wilson’s disease. Abnormal findings
after B-CIT-SPECT [**I]3-CIT and ['*I]IBZM IBZM-
SPECT supply evidence of deficits in the dopaminergic
nigrostriatal system in neurological Wilson’s disease
patients.l#4]

Extrapyramidal motor symptoms clinically improve
well under copper-removing therapy. The significant
reversible part of extrapyramidal symptoms is clinically
quantified in the neurology score applied here.
Irrespective of the severity of initial symptoms, the
improvement noted was 2 points in the applied score.
This aspect reflects the reversible share of the functional
impairment. In correlation to this, a partial regression of
MRl lesions and a functional recovery of the nigrostriatal
system could be observed.[ 4]

Disturbances of automated fine motor movements,
however, cannot be subjected to exact clinical assessment.
They continue to be characteristic of the neurological
course of Wilson’s disease as an expression of an
irreversible basal ganglionic cerebellar disorder, whereas
other symptoms do, in fact, subside. Our handwriting
skills are of great relevance to our daily lives. The
generation of the writing trace and the presence of
subtle disturbances cannot be assessed visually so that
a graphic tablet is required to record these subtleties.
The computer-aided analysis captures the fine motor
performance with mathematical exactness.

During the 3 tests carried out in the present study, a
total of 10 kinematic parameters were determined in the
context of fine motor skills follow-up examinations. In all
patients, all of the parameters are affected by abnormal
deviations of varying degree compared to normal values.

Giinther, et al.: Fine motor skils in Wilson's disease

At the 1999 examination, a median of 6 parameters
pathological increased to a median of 7 in 2006. This
data substantiates a disorder of the fine motor control
and correlates with the low degree of automation in the
patient’s handwriting skills after long-term drug therapy
of more than 2 years.

The follow-up examination 7 years later shows a
persistence of the fine motor skills disturbances.
Compared to the results of the initial examination
in 1999, 8 out of the 10 parameters did not change
significantly. Only 2 parameters were substantially
different and had deteriorated by the end of the 7-year
examination interval. The general final conclusion is
that the fine motor damage profile of the present cohort
of neurological patients does not present any relevant
dynamic development under the therapy regime applied.

On the one hand, the fine motor skills of patients, who
had already been under drug therapy for at least 2
years, did not improve during the examination period.
Following an initial convalescence of symptoms, the
ultimate point of possible reversibility under therapy
had been reached 7 years previously. The persistence of
symptoms can therefore be interpreted as a functional
scar of the basal ganglionic and cerebellar control.
Therefore, we can conclude that an attenuation of fine
motor disorders is only possible within the first few
months of starting therapy. This is consistent with the fact
that any reversibility of symptoms in the morphological
and imaging diagnostics remains merely partial.

Amoreefficientearly therapy, i.e., with tetrathiomolybdate,
could have a favourable influence on the reversibility
of symptoms.””! In any case, this assumption remains
speculative and should therefore be examined under
this very aspect.

However, the clinical stability of symptoms (neurology
score) over a period of 7 years marks both long-term
drug therapies — with zinc salts as well as with the
chelating agents trientine and D-penicillamine — as
equally efficient. This fact is further substantiated by
the fine motor analysis of the patient’s handwriting
skills at subsequent follow-up examinations. Both
therapy cohorts achieve similar results in 9 out of the 10
parameters during the 7-year period.

The decisive factor influencing the extent of the persisting
fine motor disorders is primarily an early initiation of
therapy rather than the actual choice of copper-removing
medication administered, provided that a negative
copper balance is thus constantly attainable.

The study confirms that a sensitive registration of
the fine motor disorders of the patient’s handwriting
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skills is made possible by applying the CS system. The
continuation of therapy serves to prevent progression of
the disease and can be monitored by checking the fine
motor control of the patient’s handwriting.

Acknowledgement

We would like to thank Ms. Monika Stache (Berlin) for the
English translation and correction of this manuscript.

References

10.

11.

12.

13.

14.
15.

16.
17.

18.

Maier-Dobersberger T. Morbus Wilson. Diagnosestellung mit
konventionellen und molekularbiologischen Methoden. Dtsch med
Wschr 1999;124:493-6.

Cuthbert JA. Wilson’s disease: A new gene and an animal model
for an old disease. J Investig Med 1995;43:323-36.

Frydman M, Bonne-Tamir B, Farrer LA, Conneally PM, Magazanik
A, Ashbel S, et al. Assignment of the gene for Wilson's disease to
chromosome 13: Linkage to the esterase D locus. Proc Nat Acad
Sci USA 1985;82:1819-21.

Bowcock AM, Farrer LA, Hebert JM, Agger M, Sternlieb I,
Scheinberg IH, et al. Eight closely linked loci place the Wilson
disease locus within 13q14-g21. Am J Hum Genet 1988;43:
664-74.

Kenney S, Cox DW. The Wilson Disease Database and its
contents are Copyright® 1999 - 2000 University of Alberta.
Available from: http://www.medgen.med.ualberta.ca/database.
html. [last updated on 2000 Mar 7].

Caca K, Ferenci P, Kihn HJ, Polli C, Willgerodt H, Kunath B,
et al. High prevalence of the H1069Q mutation in East German
patients with Wilson disease: Rapid detection of mutations by
limited sequencing and phenotype-genotype analysis. J Hepatol
2001;35:575-81.

Ferenci P. Wilson's disease. Ital J Gastroenterol Hepatol
1999;31:416-25.

Ferenci P, Caca K, Loudianos G, Mieli-Vergani G, Tanner S,
Sternlieb |, et al. Diagnosis and phenotypic classification of Wilson
disease. Liver Int 2003;23:139-42.

Shah AB, Chernov |, Zhang HT, Ross BM, Das K, Lutsenko
S, et al. Identification and analysis of mutations in the Wilson
disease gene (ATP7B): Population frequencies, genotype-
phenotype correlation, and functional analyses. Am J Hum Genet
1997;61:317-28.

Ferenci P. Regional distribution of mutations of the ATP7B gene
in patients with Wilson disease: impact on genetic testing. Hum
Genet 2006;120:151-9.

Czlonkowska A, Rodo M, Gajda J, Ploos van Amstel HK, Juyn J,
Houwen RH. Very high frequency of the His1069GIn mutation in
Polish Wilson disease patients. J Neurol 1997;244:591-59.
Saito T. Presenting symptoms and natural history of Wilson
disease. Eur J Pediatr 1987;146:261-5.

Hermann W, Wagner A, Kihn HJ, Grahmann F, Villmann T.
Classification of fine-motoric disturbances in Wilson's disease
using arteficial neural networks. Acta Neurol Scand 2005;111:
400-6.

Marsden CD. Wilson's disease. Q J Med 1987;65:959-66.
Gunther P, Villmann T, Wagner A, Hermann W. Motorisch
evozierte Potentiale in der Verlaufsdiagnostik des Morbus Wilson.
Klin Neurophysiol 2005;36:125-9.

Pfeiffer RF. Wilson’s disease. Semin Neurol 2007;27:123-32.
Hermann W, Villmann T, Grahmann F, Kihn HJ, Wagner A.
Investigation of fine-motor disturbances in Wilson's disease.
Neurol Sci 2003;23:279-85.

Hermann W, Eggers B, Barthel H, Clark D, Villmann T, Hesse
S, et al. Correlation between automated movement and striatal
dopaminergic innervation in patients with Wilson's disease. J

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

33

Neurol 2002;249:1082-7.

Hermann W, Villmann T, Wagner A. Evaluierung feinmotorischer
Stérungen bei Patienten mit Morbus Wilson durch den
dreidimensionalen Bewegungsmessplatz “Zebris”. Klin
Neurophysiol 2002;33:42-7.

Prayer L, Wimberger D, Kramer J, Grimm G, Oder W, Imhof H.
Cranial MRI in Wilson's disease. Neuroradiology 1990;32:211-4.
Schlaug G, Hefter H, Engelbrecht V, Kuwert T, Arnold S, Stocklin
G, et al. Neurological impairment and recovery in Wilson's
disease: Evidence from PET and MRI. J Neurol Sci 1996;136:
129-39.

van Wassenear-van Hall HN, van den Heuvel AG, Algra A,
Hoogenraad TU, Mali WP. Wilson disease: findings at MR
imaging and CT of the brain with clinical correlation. Radiology
1996;198:531-6.

Das M, Misra UK, Kalita J. A study of clinical, MRI and
multimodality evoked potentials in neurologic Wilson disease. Eur
J Neurol 2007;14:498-504.

Léssner J, Storch W, Bachmann H, Biesold D, Kihn HJ.
Untersuchungen zur Wilsonschen Erkrankung, Teil Ill: Diagnose
und Therapie. Z gesamte Inn Med 1980;35:161-6.

Brewer GJ. Practical recommendations and new therapies for
Wilson's disease. Drugs 1995;50:240-9.

Léssner J, Eichner B, Bachmann H, Biesold D, Gunther K.
Verlaufsbeobachtung und Rehabilitation im klinischen Stadium der
Wilsonschen Erkrankung. Psychiat Neurol Med Psychol (Leipz)
1974,26:661-765.

Biesold D, Gunther K. Improved method for investigation of copper
metabolism in patients with Wilson’s disease using 64Cu. Clin
Chim Acta 1972;42:353-9.

Hermann W, Villmann T, Wagner A. Elektrophysiologisches
Schéadigungsprofil von Patienten mit einem Morbus Wilson.
Nervenarzt 2003;74:881-7.

Mai N, Marquardt C. Computergestiitzte Analyse der
Bewegungsabldufe beim Schreiben, Bedienungsanleitung
1994;4.2.

Mai N, Marquardt C. Analyse und Therapie motorischer
Schreibstérungen Psychologische Beitradge 1995;37:538-82.
Hollerbach JM. An oscillation theory of handwriting. Biol
Cybernetics 1981;39:139-56.

Flash T, Hogan N. The coordination of arm movements: an
experimentally confirmed mathematical model. J Neurosci
1985;5:1688-703.

Marsden CD. The mysterious motor function of the basal ganglia:
The Robert Wartenberg Lecture. Neurology 1982;32:514-39.
Alexander GE, Crutcher MD, DeLong MR. Basal ganglia-
thalamocortical circuits: Parallel substrates for motor, oculomotor,
prefrontal and limbic functions. Prog Brain Res 1990;85:119-46.
Timmann D, Maschke M, Kolb FP. Motorische und kognitive
Stoérungen bei zerebelldren Erkrankungen. Aktuelle Neurologie
2004;4:170-9.

Braak H, Rib U, Braak E. Neuroanatomie des Morbus Parkinson.
Nervenarzt 2000;71:459-69.

Horoupian DS, Sternlieb |, Scheinberg IH. Neuropathological
findings in penicillamine-treated patients with Wilson's disease.
Clin Neuropathol 1988;7:62-7.

Prayer L, Wimberger D, Kramer J, Grimm G, Oder W, Imhof H.
Cranial MRI in Wilson's disease. Neuroradiology 1990;32:211-4.
Hermann W, Gunther P, Hahn S. Zerebrales MRT und evozierte
Potentiale bei Patienten mit Morbus Wilson. Der Nervenarzt
2002;4:349-54.

Schlaug G, Hefter H, Engelbrecht V, Kuwert T, Arnold S, Stécklin
G, et al. Neurological impairment and recovery in Wilson's
disease: Evidence from PET and MRI. J Neurol Sci 1996;136:129-
39.

Hawkins RA, Mazziotta JC, Phelps ME. Wilson’s disease
studied with FDG and positron emission tomography. Neurology
1987;37:1707-11.

Kuwert T, Hefter H, Scholz D, Milz M, Weiss P, Arendt G, et al.
Regional cerebral glucose consumption measured by positron

Annals of Indian Academy of Neurology - January-March 2009



34

43.

44,

45.

emission tomography in patients with Wilson’s disease. Eur J
Nucl Med 1992;19:96-101.

Hermann W, Barthel H, Hesse S, Grahmann F, Kiihn HJ, Wagner
A, et al. Comparison of clinical types of Wilson's disease and
glucose metabolism in extrapyramidal motor brain regions. J
Neurol 2002;249:896-901.

Schwarz J, Tatsch K, Vogl T, Kirsch CM, Trenkwalder C, Arnold
G, et al. Marked reduction of striatal dopamine D2 receptors as
detected by 123IBZM-SPECT in a Wilson's disease patient with
generalized dystonia. Mov Disord 1992;7:58-61.

Barthel H, Hermann W, Kluge R, Hesse S, Collingridge DR,
Wagner A, et al. Concordant pre- and postsynaptic deficits of
dopaminergic neurotransmission in neurologic Wilson disease.
AJNR Am J Neuroradiol 2003;24:234-8.

46.

47.

Glinther, et al.: Fine motor skils in Wilson's disease

Schwarz J, Antonini A, Kraft E, Tatsch K, Vogl T, Kirsch CM, et al.
Treatment with D-penicillamine improves dopamine D2-receptor
binding and T2-signal intensity in de novo Wilson's disease.
Neurology 1994;44:1079-82.

Brewer GJ, Hedera P, Kluin K, Carlson M, Askari F, Dick RB, et al.
Treatment of Wilson disease with ammonium tetrathiomolybdate,
III: Initial therapy in a total of 55 neurologically affected patients
and follow-up with zinc therapy. Arch Neurol 2003;60:379-85.

Received: 12-08-08, Revised: 02-10-08, Accepted: 10-11-08

Source of Support: Nil, Conflict of Interest: Nil

Annals of Indian Academy of Neurology - January-March 2009


NileshB
Rectangle




