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Abstract

Streszczenie

Background: The study aimed at demonstrating dependence of visual feedback during hand and finger positioning task
performance among Huntington’s disease patients in comparison to patients with Parkinson’s disease and cervical dystonia.
Material and methods: Eighty-nine patients participated in the study (23 with Huntington’s disease, 25 with Parkinson’s
disease with dyskinesias, 21 with Parkinson’s disease without dyskinesias, and 20 with cervical dystonia), scoring >20 points
on Mini-Mental State Examination in order to assure comprehension of task instructions. Neurological examination
comprised of the motor section from the Unified Huntington’s Disease Rating Scale for Huntington’s disease, the Unified
Parkinson’s Disease Rating Scale Part II-IV for Parkinson’s disease and the Toronto Western Spasmodic Torticollis Rating
Scale for cervical dystonia. In order to compare hand position accuracy under visually controlled and blindfolded conditions,
the patient imitated each of the 10 examiner’s hand postures twice, once under the visual control condition and once with
no visual feedback provided. Results: Huntington’s disease patients imitated examiner’s hand positions less accurately under
blindfolded condition in comparison to Parkinson’s disease without dyskinesias and cervical dystonia participants. Under
visually controlled condition there were no significant inter-group differences. Conclusions: Huntington’s disease patients
exhibit higher dependence on visual feedback while performing motor tasks than Parkinson’s disease and cervical dystonia
patients. Possible improvement of movement precision in Huntington’s disease with the use of visual cues could be potentially
useful in the patients’ rehabilitation.
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Wprowadzenie: Badanie miato na celu ukazanie wplywu wzrokowego sprzezenia zwrotnego na poziom wykonania préb
ulozenia dloni oraz palcow wsrod pacjentow z choroba Huntingtona w poréwnaniu z pacjentami z chorobg Parkinsona
i dystonig szyjna. Material i metody: W badaniu wzi¢to udzial 89 pacjentéw (23 z choroba Huntingtona, 25 z choroba
Parkinsona i dyskinezami, 21 z chorobg Parkinsona bez dyskinez i 20 z dystonig szyjna), z wynikiem >20 punktéw w Mini-
Mental State Examination, co zapewnialo rozumienie instrukeji testowych. Badanie neurologiczne obejmowato podskale
ruchowe z Ujednoliconej Skali Oceny Choroby Huntingtona, Ujednoliconej Skali Oceny Choroby Parkinsona - czesci II-IV
oraz Skale Oceny Dystonii Szyjnej z Toronto. W celu poréwnania precyzji ulozenia reki w warunkach pod kontrolg wzrokowa
oraz bez niej pacjent odtwarzal dwukrotnie 10 pozycji prezentowanych przez badajacego - jeden raz w kazdym z powyzszych
warunkéw. Wyniki: Pacjenci z chorobg Huntingtona wykazali si¢ mniejsza precyzja w prébach nasladowania ulozenia reki
badajacego w warunkach bez kontroli wzrokowej w poréwnaniu z uczestnikami z chorobg Parkinsona bez dyskinez i dystonia
szyjna. W przypadku préb z kontrola wzrokowa nie wystapily istotne réznice migdzy grupami. Wnioski: Pacjenci z choroba
Huntingtona wykazuja wigksza zaleznos$¢ od wzrokowego sprzezenia zwrotnego przy wykonywaniu zadan ruchowych niz
pacjenci z chorobg Parkinsona i dystonig szyjna. Mozliwos¢ uzyskania poprawy precyzji ruchéw po dostarczeniu wskazowek
wzrokowych u pacjentéw z chorobg Huntingtona mozna wykorzysta¢ w rehabilitacji tej grupy chorych.

Stowa kluczowe: zaburzenia ruchowe, choroba Huntingtona, choroba Parkinsona, dystonia szyjna, wzrokowe sprzgzenia
zwrotne
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INTRODUCTION

untington’s disease (HD) is a neurodegenera-
Htive disorder characterised by motor, psychiat-

ric and cognitive dysfunctions. Motor symptoms
encompass both involuntary movements (mainly choreic,
but later in the disease course also dystonic) and voluntary
movements impairment, mainly bradykinesia (Ross et al.,
2014; Stawek et al., 2013). In HD patients, both the prep-
aration and execution phases of movement are impaired
(Bilney et al., 2003a; Garcia Ruiz et al., 2002), with the ter-
minal phase of movement being particularly prone to dis-
tortions (Lemay et al., 2008). Defective control of motor
programmes in HD may be attributed to the striatal atro-
phy itself, but also to the disrupted frontostriatal connec-
tions, especially those with the supplementary motor area,
as well as to cortical atrophy. In HD, errors in feedback
control of voluntary movement (Smith et al., 2000) and
timing-dependent deficits (Rao et al., 2014) may be observ-
able even in the preclinical stage of the disease. Of note,
patients with HD are much more dependent on visual
cues when performing tracing movements. The accuracy
of movement under blindfolded condition deteriorates to
a greater extent in HD than in healthy subjects. Carella
et al. (2003) revealed that HD patients displayed greater
variation of errors while performing the task under blind-
folded condition than healthy controls. The observed effect
was not associated with the severity of involuntary move-
ments. The ability to correct movement trajectory with
visual feedback may be more impaired if time-constraints
are present (Lemay et al., 2005).
Our study aimed at verifying whether the same effect of
high visual dependence is present when positioning one’s
hand according to the model. If it was the case, it would
be informative in terms of potential compensatory strat-
egies. What is more, we compared HD patients to indi-
viduals with other movement disorders (Parkinson’s dis-
ease — PD and cervical dystonia — CD) to see if the visual
dependence effect when planning hand positioning was
a unique feature in HD, or if it was common also in other
movement disorders. All clinical groups had involuntary
movements, as the presence of involuntary movements
may alter the reliance on proprioception cues when limb
positioning. Also, severe involuntary movements may
impair the precision of voluntary movements and the
patients may be unaware of the involuntary movements
and appreciate only their consequences while perform-
ing specific actions (Sitek et al., 2014). PD patients were
chosen because of bradykinesia (as early and core feature)
and the possible presence of choreic dyskinesias, similar
to chorea in HD. Thus, PD group was divided into two
subgroups: patients with choreic dyskinesias (PDdys) and
without dyskinesias (PDndys). CD patients, in whom no
abnormalities in upper limbs (apart from possible shoul-
der elevation) and execution of movement are expected
(Anderson, 1995), were selected as a comparison group
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instead of healthy controls, as this cohort shares many
emotional problems (e.g. depression and anxiety) and
social stigma associated with visible neurological symp-
toms (Giindel et al., 2003). It was hypothesised that HD
patients’ performance will be significantly better in the
condition with visual feedback and that this difference
will not be so prominent in the other clinical groups.

MATERIAL AND METHODS
Procedure

Patients with clinical diagnosis of HD, PD (PDdys and
PDndys) or CD were recruited from a specialty outpatient
Movement Disorder Clinic and Department of Neurology
in St. Adalbert Hospital in Gdansk. All patients underwent
computed tomography or magnetic resonance imaging
in order to rule out other causes of movement disorders.
In all HD patients the clinical diagnosis was supported by
genetic testing confirming trinucleotide CAG expansion
in HTT exon-1. All HD patients had motor, cognitive and
psychiatric manifestations of HD.

Participants were included in the study if their Mini-Mental
State Examination (MMSE) (Folstein et al., 1975) score
was 220 points in order to assure comprehension of task
instructions. Patients with comorbid conditions that could
affect cognition (e.g. other diseases affecting central ner-
vous system, alcohol abuse) were excluded. All subjects
volunteered for the study and gave their informed consent
to the test procedure. The study procedure had previously
been approved by the Bioethic Committee of the Medical
University of Gdansk.

Patients

Eighty-nine patients participated in the study (23 with HD,
25 with PDdys, 21 with PDndys, and 20 with CD). Group
demographics and disease characteristics are presented in
Tab. 1. The groups were matched in terms of sex and years
of education. HD and CD groups were matched in terms
of age. PD group was significantly older, which is due to
the typical later onset in PD. Disease duration was similar
in HD and PDndys, but not PDdys, as choreic dyskinesias
are a relatively late feature in PD course.

Measures

Neurological assessment

Apart from the assessment of general cognitive status with
the use of MMSE, each group of patients underwent dis-
ease specific neurological assessment. Neurological exam-
ination comprised of the motor section from the Unified
Huntington’s Disease Rating Scale (UHDRS) (Hunting-
ton Study Group, 1996) for HD, the Unified Parkinson’s
Disease Rating Scale (UPDRS) Part II-1V (Paulson and
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HD PDdys PDndys (O]
N=23 N=25 N=21 N=20 F/HA/U/Y? tests?
[a]' [b] [c] [d]
Demographics
Age 49.83+11.12 65.68 +10.03 64.67 +7.59 51.75+12.98 F(3;85) = 14.11; p < 0.001
[b,d] [a,d] [a,d] [b,d
Education (years) 12 12 13 12 H(3,N=89)=1.99;p =0.57;s.i.
Male : female 14:9 12:13 15:6 8:12 X:=4.92;p=0.18;s..
Disease characteristics
Duration of disease 5 12 4 8 H(3, N=89) =28.76; p < 0.0001
[b] [a,q] [b] []
UPDRSIII NA 22.04+9.14 18.29+10.38 NA t(44) =1.31;p = 0.20; s.i.
UHDRS motor 38.09 (+14.33) NA NA NA NA
TWSTRS severity NA NA NA 15.55+6.41 NA
MMSE 26° 27 28 28.50 H(3, N=289) =14.48; p=0.02; s.i.
HD - Huntington’s disease; PDdys — Parkinson’s disease with dyskinesias; PDndys — Parkinson’s disease without dyskinesias; CD — cervical dystonia; s.i. — statistically
insignificant; UHDRS — Unified Huntington’s Disease Rating Scale; NA — not assessed; UPDRS — Unified Parkinson’s Disease Rating Scale; TWSTRS — Toronto Western
Spasmodic Torticollis Rating Scale.
'Letters a—d denote significant intergroup differences as indicated in the first row of the table.
2The differences between the two groups were analysed either with t-unpaired test, U Mann—Whitney test, or chi-square test. The differences among the four groups were
tested either with one-way analysis of variance test with Scheffe post hoc comparisons or with H Kruskal-Wallis test with post hoc Dunn’s test.
3Mean =+ standard deviation is reported in the case of normal data distribution.
*Median is reported in the case of non-normal data distribution.

Tab. 1. The comparison of four clinical groups’ demographics and disease characteristics

Stern, 1997) for PD and the Toronto Western Spasmodic
Torticollis Rating Scale (TWSTRS) (Consky et al., 1990)
for CD.

Assessment of hand position accuracy
In order to compare hand position accuracy under visu-
ally controlled and blindfolded conditions, the patient
imitated each of the 10 examiner’s hand postures twice,
once under visual control condition and once with no
visual feedback provided. Half of the trials were per-
formed for the first time with visual control and half of
the trials were administered behind a screen. The same
number of trials was performed with right and left hand
in order to exclude the possible impact of asymmetry.
For trials without visual control the screen from Tactile
Form Recognition Test from the Polish version of Hal-
stead—-Reitan Neuropsychological Test Battery was used
(Kadzielawa et al., 1990), so that the patient could not
see his/her own hand, while the examiner’s hand posi-
tion was visible for the patient throughout the task perfor-
mance. The patient score could range from 0 to 10, where
10 corresponded to intact performance. Three scores were
computed for each patient corresponding to performance
under visual control, blindfolded performance and the
difference score showing the degree of dependence on
visual control.
The testing comprised of the following 20 trials (Fig. 1):
1. LEFT HAND without visual control: fist with thumb
placed horizontally on the top;
2. RIGHT HAND without visual control: palm up, thumb
bended;
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3. LEFT HAND with visual control: clenched fist, thumb
bended;

4. RIGHT HAND with visual control: clenched fist, thumb
upward;

5. LEFT HAND without visual control: thumb touching
ring finger;

6. RIGHT HAND without visual control: thumb between
middle finger and ring finger;

7. LEFT HAND with visual control: thumb between index
finger and middle finger;

8. RIGHT HAND with visual control: thumb touching
middle finger;

9. LEFT HAND without visual control: thumb touching
index finger;

10.RIGHT HAND without visual control: thumb touching
little finger;

11.LEFT HAND with visual control: thumb bended;

12.RIGHT HAND with visual control: fist with thumb
placed horizontally on the top;

13.LEFT HAND without visual control: clenched fist,
thumb upward;

14.RIGHT HAND without visual control: clenched fist,
thumb bended;

15.LEFT HAND with visual control: thumb between mid-
dle finger and ring finger;

16.RIGHT HAND with visual control: thumb touching ring
finger;

17.LEFT HAND without visual control: thumb touching
middle finger;

18.RIGHT HAND without visual control: thumb between
index finger and middle finger;

DOI: 10.15557/AN.2017.0007

71



Emilia J. Sitek, Witold Sottan, Agnieszka Konkel, Dariusz Wieczorek, Michat Schinwelski, Piotr Robowski, Jarostaw Stawek

Ryc. 1. Tests used to evaluate hand position. The numbers of two test positions provided next to each photo (Photo Anna Cieslukowska)

19.LEFT HAND with visual control: thumb touching lit-
tle finger;

20.RIGHT HAND with visual control: thumb touching
index finger.

Data analysis

Inter-groups differences were analysed with H Kruskal-
Wallis test with post hoc comparisons with Dunn’s test,
whenever applicable. Differences between two groups were
tested either with Mann-Whitney U test, t unpaired test or
X’ tests, as appropriate.

RESULTS

The performance of four groups was comparable under
visually controlled condition. However, HD patients’ per-
formance was lower than in the case of PDndys and CD
patients under blindfolded condition (Tab. 2). As the com-
parison of difference scores did not prove to be statisti-
cally significant at the stage of post hoc comparisons, subse-
quently, the performance of HD group was contrasted with
the results obtained by other clinical groups as a whole.
This comparison showed that HD group performed less

HD PDdys PDndys (0] Htests
N=22 N=23 N=21 N=20 (3,N=89)
[a] [b] 4] [d]
Performance with visual control (A)
Me 10.00 10.00 10.00 10.00 H=553
Min. = max. 5+10 7=10 9+10 8+10 p=0.14;s.i.
Performance without visual control (B)
Me 8.50 10.00 10.00 10.00 H=13.60
Min. = max. 4+10 610 8+10 810 p=0.004
[cd] [] [al [al
Difference between A and B
M/Me (+ 5D) 1.39/1.00 (1.77) 0.44/0.00 (0.77) 0.26/0.00 (0.72) 0.15/0(0.88) H=9.98
Min. = max. (=2)+5 0+3 (-N=+2 (-2)+2 p=0.02
[l [-] [l [l
HD - Huntington’s disease; PDdys — Parkinson’s disease with dyskinesia; PDndys — Parkinson’s disease without dyskinesia; CD — cervical dystonia; s.i. — statistically
insignificant.
Inter-groups differences were analysed with H Kruskal—Wallis test with post hoc comparisons with Dunn’s test.
Letters a—d denote significant inter-group differences as indicated in the first row of the table.

Tab. 2. Comparison of palm position accuracy under visually controlled and blindfolded conditions
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HD PDdys, PDndys, (D
N=23 N=66 z/U/t tests

Performance with visual control (A)

M/Me (+ SD) 9.13/10.00 (1.32) 9.65/10.00 (0.69) U=1600.00

Min. + max. 5+10 7+10 7=-1.84
p=0.07

Performance without visual control (B)

M/Me (+ SD) 7.86/8.50 (2.03) 9.35/10.00 (0.94) U=423.00

min. + max. 410 610 7=-34
p=10.001

Difference between A and B

M/Me (+ SD) 1.39/1.00 (1.77) 0.30/0.00 (0.78) t(87)=2.84

Min. + max. (=2)+5 (=2)+3 p=0.009

HD - Huntington’s disease; PDdys — Parkinson’s disease with dyskinesia; PDndys — Parkinson’s disease without dyskinesia; CD — cervical dystonia.

The differences between the two groups were analysed either with t-unpaired test or U Mann—Whitney test. Mean + standard deviation is reported in the case of normal

data distribution. Median is reported in the case of non-normal data distribution.

Tab. 3. Comparison of palm position accuracy under visually controlled and blindfolded conditions in HD patients vs. other clinical groups

accurately than other groups under blindfolded condi-
tion and that the score difference between both trials was
larger in HD than in other groups. Thus, the HD group was
shown to be more visually dependent in hand positioning
task than PDndys and CD patients (Tab. 3).

DISCUSSION

The present study was designed to demonstrate that the
accuracy of hand positioning in HD patients depends on
visual input to a higher extent than in other movement dis-
orders, especially PD. In concordance with the previous
study by Carella et al. (2003), we observed higher depen-
dence of motor task performance on visual feedback in
HD patients. Deterioration among HD participants was
observed when visual cues were not provided, which sug-
gests that proprioceptive signals are not sufficient to com-
pensate movement jerkiness. There were no significant dif-
ferences between HD patients and other groups in hand
positioning accuracy under visual control. This means that
reliance on visual cues may not only improve movement
trajectory in HD, which was evidenced by Carella et al.
(2003) using precise kinematic and error parameters, but it
may also significantly affect the attainment of a target hand
position, as shown in our study.

Movement corrections may rely on both automatic and
voluntary processes. However, involuntary mechanisms
are used much more often. Healthy subjects are unaware
of the slight flexible movement corrections during move-
ment trajectory (Gaveau et al., 2014). On the one hand, in
HD such involuntary correction mechanisms may be inef-
fective due to both altered sensory processing and the inter-
ference of corrective movements with involuntary move-
ments. On the other hand, as HD patients have impaired
awareness of choreic movements (Sitek et al., 2011), they
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may fail to use voluntary processes to make movement cor-
rections unless cued to do so.

As the basal ganglia regulate sensory processing, their atro-
phy may lead to altered proprioceptive sensations con-
cerning limb position and movement, which in turn may
entail excessive dependence on visual feedback (Seiss et al.,
2003). Visuomotor integration deficits in HD (Say et al.,
2011) may significantly impair movement correction. Smith
et al. (2000) observed that movements in HD begin nor-
mally, but become irregular 200-300 ms into their course -
when the corrective actions based on visual or propriocep-
tive information are required. Carella et al. (2003) suggest
that if both sensory input to the cortex and striatal output
to the thalamus (responsible for providing sensory informa-
tion to the cortex) are altered, proprioceptive feedback con-
trol of movements seems to be the most likely the cause of
increased dependence on visual cues. Defective error con-
trol may be connected with deficits in afferent signals which
play an important role in this process. Abnormal somatosen-
sory evoked potentials and long-loop transcortical reflexes,
observed in HD patients, can underlie the inefficient move-
ment correction under blindfolded condition (Boulet et al.,
2005; Deuschl et al., 1989; Noth et al., 1985).

Contrary to these reports, Despard et al. (2015) noted
in a computerised task greater movement variability in
the presence of visual cues as compared to their absence.
However, it is possible that in some computerised tasks with
very precise measurements, oculomotor deficits may neg-
atively influence the patient’s performance under visually
controlled conditions and somehow overshadow the advan-
tage of visually controlled condition over the blindfolded
condition. Also, as in visuomotor tasks executed by healthy
subjects, occipital-prefrontal-motor functional network
facilitates the modulation of instructed motor responses to
visual cues (Papadelis et al., 2016), it could be argued that
widespread neurodegeneration affecting connectivity early
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in the disease course (Shaffer et al., 2017) may prevent HD
patients from using the visual cues successfully.

Current therapeutic approaches in movement disorders are
widely described in the literature mainly with reference to
PD interventions (Bilney et al., 2003a, 2003b; Quinn et al.,
2013a). Rehabilitation strategies for HD patients have also
developed over recent years (Quinn and Busse, 2012),
albeit symptomatic pharmacotherapy remains the main
therapeutic option (Zielonka et al., 2015). In terms of spe-
cific training strategies, Ciancarelli et al. (2013) propose
effective rehabilitation treatment in HD but emphasise that
therapy must be multifunctional and continuous. Their
intervention included exercises to strength, endurance,
range of motion, gait abnormalities, sensory deficits and
other disabilities diagnosed in each patient participating
in this programme. Significant effects were also observed
in home-based programmes (Quinn et al., 2013b). Also,
rhythmic auditory cueing was described as potentially
effective in the rehabilitation of patients with movement
disorders, but the evidence base is limited (Schaefer, 2014;
Wittwer et al., 2013).

Visual imagery training may improve graphomotor perfor-
mance in HD (Yagiiez et al., 1999). To our knowledge, the
usefulness of visual cues in the comprehensive physiother-
apy of HD patients was not systematically studied. In our
study, the movement corrections made by the HD patients
under visually controlled condition were successful as their
performance did not differ from other groups under the
condition of visual feedback available, which suggests the
effectiveness of visual control. Obviously, visual feedback
is potentially available to the patient in most rehabilitation
techniques, as the exercises are not performed under blind-
folded condition. However, the availability of visual feed-
back does not mean that each patient is likely to use it to
the same extent. The failure to use visual feedback in HD in
real-life situations may stem from the fact that the disease
affects insight both in a global manner (so that the patients
underestimate disability, motor, cognitive and behavioural
impairment) and more specifically when the presence and
severity of involuntary movements is concerned (Sitek
etal., 2011, 2014). Our study procedure using alternating
conditions (two trials with visual control and then two tri-
als without visual control) was likely to focus the patient’s
attention on the target task and potentially encouraged the
use of visual control to make hand positioning corrections,
when the visual feedback was available. Under the condi-
tion without visual control, the patient could not compare
his/her hand position with the target hand position visu-
ally, while in visually controlled condition such a compar-
ison could trigger movement corrections.

Our procedure demonstrated clearly that the performance
improves with visual feedback. However, the task pro-
cedure, used in our study, may seem ecologically invalid,
as in real life, usually visual feedback is either available or
not, and its availability does not change many times during
a given task performance.

DOI: 10.15557/AN.2017.0007

Our study highlights the need for the development of
strategies relying on visual feedback to improve move-
ment precision among HD patients. Initiating voluntary
motor adjustments requires additional effort and may not
happen spontaneously in an HD patient that is likely to
suffer from apathy. HD patients could potentially bene-
fit from being cued by the physiotherapist to use visual
feedback and visual imagery during movement prepara-
tion and execution, as they may not use it spontaneously as
often as needed due to the deficient awareness of the invol-
untary movements likely to alter the trajectory of volun-
tary movements.

The main limitations of our study were: small sam-
ple size, ceiling effect in many individuals under visu-
ally controlled conditions and low number of trials (nar-
row range of results). Due to the fact that the patients had
clearly distinguishable motor symptoms, the rater was
not blinded to the clinical diagnosis. Also, there may have
been some rater bias as the patients’ performance was not
video-taped. Another caveat that may limit the generali-
sation of our study results to real-life conditions is that all
movement plans were externally-driven in our procedure,
while in real-life the use of internally-driven movement
plans is frequently needed. Internally-driven movement
plans are associated with a much wider brain activation
both in the ipsilateral and contralateral cortex than exter-
nally-driven movement plans (Ariani et al., 2015). As in
HD, callosal fibres are affected early in the disease course
(Poudel et al., 2015), internally-driven movement plans
may be potentially more impaired than externally-driven
movement plans. The effectiveness of visual cueing may
vary under externally- and internally-driven conditions.
As most rehabilitation plans are highly structured, the use
of visual cues in externally-driven conditions may not gen-
eralise to internally-driven actions, more characteristic of
real life conditions.

While our study addressed the accuracy of hand posi-
tioning, most of the previous research in healthy individ-
uals focused on reach-to-grasp movements and analysed
the timing of movement. Of note, it was demonstrated
that as far as reach-to-grasp movements are concerned,
they are initiated faster if any cue (congruent or incon-
gruent) is provided to the individual, both under visu-
ally guided and memory-guided condition (Seegelke
et al., 2016). It can be hypothesised that visual condi-
tion encourages voluntary movement corrections that
improve accuracy but also potentially delay the timing
of the final hand position attainment. Unfortunately, in
our study we did not measure time parameters, so it is
still an open question.

Overall, the results of our study suggest the importance
of visual feedback for correct hand positioning in HD and
may be potentially useful for the development of compen-
satory strategies. Further studies are needed to compare
the usefulness of visual cues with auditory cues, which are
also frequently used in rehabilitation.

AKTUALN NEUROL 2017, 17 (2), p. 69-75




Visual control improves the accuracy of hand positioning in Huntington’s disease

CONCLUSIONS

Our data suggest the important role of visual cues in move-
ment adjustment in HD. The potential suitability of com-
pensatory strategies relying on visual feedback when exe-
cuting hand movements requires further verification and
comparison with other cues, e.g. auditory, under conditions
allowing for the use of different sensory modalities.
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