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PARKINSON'S DISEASE PATIENTS WITH DOMINANT HEMIBODY
AFFECTED BY THE DISEASE RELY MORE ON VISION TO MAINTAIN
UPRIGHT POSTURAL CONTROL!

JULIANA LAHR, MARCELO PINTO PEREIRA, PAULO HENRIQUE SILVA PELICION]I,
LUANA CAROLINA DE MORALIS, anp LILIAN TERESA BUCKEN GOBBI

UNESP-Universidade Estadual Paulista

Summary.—This study assesses the association between disease onset side
(dominant or non-dominant) and vision on postural control of Parkinson's disease
patients. Patient volunteers composed two groups, according to the onset side
affected: Dominant group (n=9; M age=66.1yr, SD=7.2; 6 women, 3 men) and
Non-dominant group (n=9; M age=67.4yr., SD=6.4; 6 women, 3 men). The groups'
postural control was assessed by posturography during quiet upright stance in two
conditions, Eyes open and Eyes closed. Two-way analyses of variance (ANOVAs;
group x condition) with repeated measures for the second factor assessed the dif-
ferences associated with affected hemibody and vision on postural control. Analy-
ses indicated that patients with the dominant side affected also presented signifi-
cantly greater variation in center of pressure than those with the non-dominant side
affected, mainly in the Eyes closed condition. The results demonstrate a higher reli-
ance on vision in the dominant side, possibly to compensate somatosensory system
impairments. These results also highlight the importance of analyzing the hemi-
body affected by the disease when postural control is assessed in this population.

Parkinson's disease is characterized by asymmetric dopamine deple-
tion in the basal ganglia (Kempster, Gibb, Stern, & Lees, 1989; Djaldetti,
Ziv, & Melamed, 2006). As a consequence, the severity of motor symptoms
is different between the two sides of the body (hemibodies) (Louie, Koop,
Frenklach, & Bronte-Stewart, 2009; Haaxma, Helmich, Borm, Kappelle,
Horstink, & Bloem, 2010). This is also true when the axial impairments,
such as postural control, are considered (Geurts, Boonstra, Voermans, Di-
ender, Weerdesteyn, & Bloem, 2011). The causes of asymmetric loss of do-
pamine in Parkinson's disease are still unknown, but the highest neuronal
loss occurs contralaterally to the hemibody affected at onset (Kempster, et
al., 1989). The cause of onset side is attributed to chance and is not related
to any lateral dominance (Djaldetti, et al., 2006).

Previous studies investigating the side of disease onset have consid-
ered only the damage to the cerebral hemisphere (right vs left; Zucco, Zeni,
& Perrone, 2001; Amick, Grace, & Chou, 2006; Katzen, Levin, & Weiner,
2006) or the more or less affected side (Baumann, Held, Valko, Wienecke,
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& Waldvogel, 2014). However, they did not consider the relationship be-
tween lateral dominance and the affected hemibody. Although the causes
are not known yet, the prevalence of the disease's onset is higher in the
dominant side (van der Hoorn, Burger, Leenders, & de Jong, 2012). This is
particularly important, since some studies have suggested that the left ce-
rebral hemisphere is more related to motor actions (Riederer & Sian-Hiils-
mann, 2012; Caeyenberghs & Leemans, 2014), while the right hemisphere
is more related to cognitive processing (Verreyt, Nys, Santens, & Vinger-
hoets, 2011; Riederer & Sian-Hiilsmann, 2012; Srovnalova, Marecek, Ku-
bikova, & Rektorova, 2012; Caeyenberghs & Leemans, 2014). Therefore, it
is suggested that in a right-handed sample those patients who present the
right hemibody (dominant) as the onset side of the disease would show
a higher neural degeneration in the hemisphere related to motor process-
ing. In contrast, those who present with the non-dominant hemibody (left)
as the disease onset should also have more intact basal ganglia in the left
brain hemisphere. As a consequence, it is expected that in a right-handed
sample patients with the dominant hemibody as the disease onset side
would perform worse in motor tasks that require coordination and motor
control using the affected side.

Another motor behavior that should be affected by the asymmetric
dopamine depletion is the maintenance of upright posture. Geurts, et al.
(2011) and Rocchi, Chiari, and Horak (2002) observed that postural control
is asymmetric in moderate and advanced stages of the disease. However,
these authors did not consider the effect of the side affected, dominant or
non-dominant hemibody, on postural control.

It has been suggested that the postural control in the absence of vi-
sual information is controlled by the basal ganglia (Sarma, Cheng, Eden,
Williams, Brown, & Eskandar, 2012). However, when visual information
is available the basal ganglia are bypassed for successful balance control
(Takakusaki, Oohinata-Sugimoto, Saitoh, & Habaguchi, 2004). Since the
basal ganglia are impaired in Parkinson's disease, when less visual infor-
mation is available the patient's postural control suffers (Azulay, Mesure,
Amblard, & Pouget, 2002; Vaugoyeau & Azulay, 2010). Therefore, it is im-
portant to manipulate vision during postural control tasks in patients with
Parkinson's disease. It is expected that a right-handed sample of patients
with the dominant hemibody more affected by the disease, and therefore
with more neural degeneration in the left hemisphere related to motor
processing, would rely even more on vision to maintain upright postural
control.

Investigating postural control in this population has a high ecologi-
cal importance, since postural control is needed in perception of the envi-
ronment (Jobst, Melnick, Byl, Dowling, & Aminoff, 1997), maintenance of
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verticality (Barbieri, Gissot, Fouque, Casillas, Pozzo, & Pérennou, 2008),
balance, and body orientation (Benatru, Vaugoyeau, & Azulay, 2008; Vau-
goyeau & Azulay, 2010). In addition, since dopamine supplementation
does not effectively improve quiet upright stance control (Rocchi, ef al.,
2002), it is important to further investigate postural control behavior in
Parkinson's disease, in order to establish possible non-pharmacological
intervention strategies.

Hypothesis 1. Right-handed patients with Parkinson's disease with
more motor impairment in the dominant hemibody will have
poorer control of posture than patients with more motor im-
pairment in the non-dominant hemibody.

Hypothesis 2. Right-handed patients with Parkinson's disease whose
dominant hemibody is more affected by the disease will rely
more on vision than those whose non-dominant hemibody is
more affected.

METHOD

Participants

The participants were recruited from the local community, and 18
people accepted the invitation. The inclusion criteria included a medi-
cal diagnosis of idiopathic Parkinson's disease; unilateral impairment
(Stage 1 or 1.5 according to the modified Hoehn and Yahr Rating Scale;
Goetz, Poewe, Rascol, Sampaio, Stebbins, Counsell, et al., 2004); not be-
ing involved in any regular physical exercise program; age greater than 50
years; preserved cognitive functions [assessed by the Mini-Mental State
Examination (MMSE); Brucki, Nitrini, Caramelli, Bertolucci, & Okamoto,
2003]; and having the same hand and foot dominance (to ensure hemi-
body dominance). It was assumed that all participants maintained their
hemibody dominance after disease onset. Patients with visual impair-
ments that could not be corrected or with any other neurological or mus-
culoskeletal conditions were excluded from the study sample. This study
was approved by the local ethics committee, and the participants signed
written consent to participate.

Measures

Parkinson’s severity.—The unilateral /bilateral disease stage was de-
fined according to the modified Hoehn and Yahr Rating Scale (Goetz, et al.,
2004). To establish the Parkinson's disease onset side, the following criteria
were used. (1) Self-reported side of onset of symptoms (Yust-Katz, Tesler,
Treves, Melamed, & Djaldetti, 2008) was recorded. (2) Difference between
the right and left hemibody scores on six Unified Parkinson’s Disease Rat-
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ing Scale (UPDRS) items was assessed (Items 20, 21, 22, 23, 25, and 26);
a difference greater than 5 points was used to define the side of onset of
the disease (Uitti, Baba, Whaley, Wszolek, & Putzke, 2005). Considering
the disease onset and the lateral dominance, the participants were clas-
sified into two groups: dominant side affected (Dominant) or non-domi-
nant side affected (Non-dominant). Manual dominance was defined as the
hand usually used to write (Yust-Katz, et al., 2008) and the foot dominance
as the limb used to kick a ball (Peters, 1988).

Cognitive status.—The participants' cognitive status was assessed us-
ing the MMSE, which comprises seven categories: time orientation, place
orientation, registration of the words, attention and calculation, recall of
the words mentioned, language, and visual construction capacity. Brucki,
etal.'s (2003) suggestions to determine the MMSE cutoff score according to
educational level in Brazil were used. Higher scores represent more pre-
served cognitive function. No participants showed signs of cognitive im-
pairment or dementia.

Postural control—Posturography was done during a quiet upright stance
in two conditions, Eyes open and Eyes closed. To standardize the patients'
position during each trial, they were asked to stand in a quiet upright po-
sition, looking straight ahead, with their arms resting at the sides of the
body. Feet positions were also kept constant across trials (Termoz, Halli-
day, Winter, Frank, Patla, & Prince, 2008). During the Eyes closed condi-
tion, the participants were blindfolded with an ordinary eye mask. Two at-
tempts lasting 30 sec. for each condition were performed in the following
order: Eyes open and Eyes closed.

A force plate (Model AccuGait, Advanced Mechanical Technologies,
50 x50cm) was used, calibrated with 100Hz data acquisition frequency.
The Balance Clinic (Advanced Mechanical Technologies, MA, USA) soft-
ware was used to assess the following center of pressure variables: total ve-
locity (CoP total velocity) and area (CoP area; Btaszczyk & Orawiec, 2011).
The CoP area was determined using the 95% confidence elipse (Moghad-
am, Ashayer, Salavati, Sarafzadeh, Taghipoor, & Saeedi, et al., 2011).

Procedure

All assessments were done in the “on-medication” state, 1hr. after
dose of medication. The daily levodopa equivalent dose was calculated
according to established methods (Tomlinson, Stowe, Patel, Rick, Gray, &
Clarke, 2010). Patients' symptoms and disease severity were assessed us-
ing the UPDRS (Fahn & Elton, 1987). For the classification, Subscale I (psy-
chological functions), Subscale II (activity daily living functions), Subscale
III (motor functions), and Subscale IV (dyskinesia) were used.

The two groups were composed of nine participants each (pairs
matched by sex: 6 women and 3 men per group) with similar age, body
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height, body mass, psychological functions (UPDRS I), activity daily liv-
ing functions (UPDRS II), motor impairment (UPDRS III), total disease im-
pairment (UPDRS Total), disease duration, and cognitive status (MMSE).
No participant showed severe dyskinesia. The Non-dominant group had
a higher mean daily levodopa equivalent dose than the Dominant group,
but the dopamine supplementation was not effective in improving con-
trol of the quiet upright stance (Rocchi, et al., 2002) and so did not interfere
with results (Table 1).
Analysis

All data were analyzed using specific MATLAB (Version 7.0, Math-
Works® Inc.) algorithms. All results were averaged across trials and across
participants of each group. Therefore, the mean values of each group +1
standard deviation are shown for each variable. All statistical procedures
were conducted in Statistica 7.0 for Windows. A two-way analysis of vari-
ance (ANOVA; group x condition) with repeated measures for the second
factor was used to assess the association of affected hemibody and vision
on the performance of postural control. A Tukey post hoc test was used to
assess univariate differences. The alpha level was set a priori at p<.05.

ResuLrs

The values of all variables for both groups (Dominant and Non-domi-
nant) and conditions (Eyes open and Eyes closed) are shown in Table 2. An
interaction between group and condition was observed for CoP total ve-
locity (FLM =9.52, p=.01, T]Zp: 0.37, observed power=0.99). The post hoc test
showed a higher total velocity in the Eyes closed versus Eyes open condi-
tion in both groups (Dominant group: p<.001 and Non-dominant group:
p=.01). This result means that without vision information Parkinson's dis-
ease patients show higher CoP velocity, affecting postural control. Fur-
thermore, the post hoc test also showed a higher total velocity in the Domi-
nant group in comparison to the Non-dominant group in the Eyes closed
condition (p=.03), so patients whose dominant hemibody was more af-
fected by disease had worse postural control with eyes closed than those
patients for whom the non-dominant hemibody was more affected by the
disease. The interaction can be observed in Fig. 1.

For CoP area, a main effect of condition was also found (F1,16=4.50,
p=.05,1n* =022, observed power=0.98). For both groups, the Eyes closed
condition (Dominant group: M=1.87 cm? SD=2.52; Non-dominant group:
M=1.13cm? SD=1.07) was more challenging than the Eyes open condi-
tion (Dominant group: M=1.15cm? SD=1.55; Non-dominant group: M=
1.03cm?, SD=0.82). There was no main effect of group nor interaction be-
tween factors for this variable (FL16 =0.34, p=.57, n2p= 0.02, observed pow-
er=0.22; F =263, p=.12, nzpz 0.14, observed power=0.76).

1,16
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TABLE 1

INDEPENDENT T TESTS COMPARING DEMOGRAPHICS AND CLINICAL
CHARACTERISTICS FOR EACH GROUP

Dominant Non-domi-
Variable Group  nant Group £ p Cohen's d
(n=9) (n=9) '
Dominant side Right Right
Side affected Right Left
Age, yr. M 66.11 67.44
-0.41 .69 -0.19
SD 7.29 6.41
Body height, cm M 158.3 160.59
-0.54 .60 -0.25
SD 9.5 8.4
Body mass, kg M 68.25 65.7
0.51 .62 0.23
SD 8.42 12.54
H&Y, score M 1.28 1.39
3.11 .10 -0.45
SD 0.26 0.22
UPDRS I, score M 2.33 3.44
-1.39 19 -0.65
SD 1.73 1.67
UPDRS I, score M 9.89 12.67
-1.38 .19 -0.65
SD 3.95 4.55
UPDRS 111, score M 19.11 21.89
-0.69 .50 -0.32
SD 7.44 9.49
UPDRS 1V, score M 0.33 0.44
-0.33 .75 -0.15
SD 0.71 0.73
UPDRS Total, score M 31.33 38
-1.22 24 -0.57
SD 11.61 11.51
Duration of disease, yr. M 4.00 6.56
-1.70 1 -0.80
SD 2.78 3.54
MMSE, score M 27.77 27.77
0.74 40 0
SD 1.71 3.19
Education, yr. M 7.78 7.22
0.23 .82 0.11
SD 5.26 4.89
LED, mg/day M 547.88 926.67
-3.00 .01 -1.41
SD 304.4 225.36

Note—Student's t tests were employed for between-group comparisons at the baseline. H&Y:
modified Hoehn and Yahr Rating Scale; UPDRS I: Unified Parkinson's Disease Rating Scale,
Subscale I; UPDRS II: Unified Parkinson's Disease Rating Scale, Subscale II; UPDRS III: Uni-
fied Parkinson's Disease Rating Scale, Subscale III; UPDRS Total: Unified Parkinson's Disease
Rating Scale, total scale; MMSE: Mini-Mental State Examination; LED: levodopa equivalent

dose.
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TABLE 2

Two-WAY REPEATED-MEASURES ANALYSES OF VARIANCE: IMPACT OF THE RESULTS OF SIDE AFFECTED
AND VISUAL INFORMATION ON THE POSTURAL CONTROL

CoP Total Velocity CoP Area
df MSE F p L F [4 L
Group(G) 1 014 1075 01 040 034 57 002
(CCO)“diﬁO“S 1 011 6465 <.001 080 451 05 022
GxC 1 002 95 01 037 263 13 014

Note.—CoP total velocity: total velocity of center of pressure; COP area: area of center of pres-

sure.

Discussion

Supporting Hypothesis 1, the results indicated that patients with their
dominant side affected had significantly poorer postural control than pa-
tients with their nondominant side affected by the disease. Also, a sig-
nificantly higher reliance on vision for postural control in the Dominant
group supported Hypothesis 2.

0.6 1

CoP Total Velocity (cm/sec.)

0.4 -

0.2 A

=<k=--Dominant Group

’ B #
11 o
0.8 I/ # /]

—— Non-dominant Group

Eyes Open

Condition

Fic. 1. Interaction between group and condition for CoP total velocity. CoP total veloc-
ity: total velocity of center of pressure; »#: difference between conditions (Eyes Open and Eyes
Closed) within the group; *: difference between group (Dominant Group and Non-dominant
Group) within the condition.
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Patients with Parkinson's disease have poorer postural control than
healthy people of the same age and lateral dominance (Vaugoyeau & Azu-
lay, 2010), particularly when vision is not available (Azulay, et al., 2002).
They also show somatosensory system impairments (Jobst, et al., 1997; Roc-
chi, et al., 2002). Geurts, et al. (2011) showed that these patients could not
control their posture enough to distribute weight equally on each foot. Sim-
ilarly, somatosensory feedback impairments apparently cause errors in de-
tecting the position of center of pressure (Rocchi, et al., 2002). Moreover,
patients with Parkinson's disease distribute weight unevenly across their
body when their eyes are closed (Kitamura, Nakagawa, linuma, Kobayashi,
Okauchi, Oonaka, ef al., 1993). Patients use visual information as an adap-
tive strategy to partially compensate for an impaired somatosensory sys-
tem (Abbruzzese & Berardelli, 2003; Vaugoyeau & Azulay, 2010).

The basal ganglia are an important center in somatosensory process-
ing (Conte, Khan, Defazio, Rothwell, & Berardelli, 2013; Miiller, Albin, Ko-
tagal, Koeppe, Scott, Frey, et al., 2013), and degeneration of basal ganglia
has been suggested as the major cause of postural control impairment in
Parkinson's disease (Takakusaki, Habaguchi, Ohtinata-Sugimoto, Saitoh,
& Sakamoto, 2003). Based on the current results (Table 2), because of the
likely impairment in the basal ganglia associated with Parkinson's disease,
postural control was worse when only somatosensory information was
available in the Eyes closed condition. These results are in agreement with
previous findings showing that patients with Parkinson's disease rely on
vision to maintain upright postural control. However, in the current study
this was only true for patients whose dominant side was affected. In ad-
dition, the Dominant group had poorer performance than the Non-domi-
nant group only in the Eyes closed condition (Table 2 and Fig. 1).

However, the sample was composed of only right-handed partici-
pants, which means that the left brain hemisphere was more affected in
the group with their dominant side affected. Previous studies have sug-
gested that the left brain hemisphere is more involved in motor program-
ming (Riederer & Sian-Hiilsmann, 2012; Caeyenberghs & Leemans, 2014),
while the right one is more involved in cognitive processes (Verreyt, et al.,
2011; Riederer & Sian-Hiilsmann, 2012; Srovnalova, et al., 2012; Caeyen-
berghs & Leemans, 2014). Because in the Dominant side affected group the
left brain hemisphere was more affected by the disease, it should be ex-
pected that their performance would be lower in a motor task like upright
posture maintenance. When the lower ability to process motor informa-
tion was considered in conjunction with the baseline sensory impairment
in patients with Parkinson's disease, it was not unexpected that the Domi-
nant side affected group would perform worse when vision was absent.
Vieira, Coelho, and Teixeira (2014) observed that healthy young adults
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controlled the postural threat using their right leg when executing a low-
magnitude posture task. This last finding (Vieira, et al., 2014) supports the
hypothesis that participants use the right hemibody (controlled by the left-
brain hemisphere) to maintain/reestablish postural control. On the other
hand, Pérennou, Mazibrada, Chauvineau, Greenwood, Rothwell, Gresty,
et al. (2004) showed in stroke patients a right-hemisphere dominance to
body orientation control in respect to gravity. As it can be seen, this is still
an open debate, and in the authors’ understanding this is the first study to
consider the preference-affected hemibody relation in postural control in
people with Parkinson's disease. Therefore, the hypothesis will need to be
tested in future studies by checking whether the parallel and opposite re-
lationship can be observed in a left-handed sample.

Stochl, Croudace, Brozov4, Klempit, Roth, and Rizicka (2012) showed
there was a shift in the hemibody dominance if the preferred side was ini-
tially affected by the disease. Specifically, during the course of the dis-
ease patients begin to perform motor tasks with the unaffected hemibody.
Therefore, to ensure that patients have not changed their hemibody domi-
nance, only patients with a single hemibody affected by the disease were
assessed; i.e., all participants were in Hoehn and Yahr stages 1-1.5. Thus,
further studies should investigate these changes in dominance during the
course of the disease.

The results of this study have important implications for clinical as-
sessment and intervention routines, since patients who develop the first
Parkinson's disease symptoms in the dominant or non-dominant hemi-
body behave differently in motor tasks. This relationship should be con-
sidered and applied in rehabilitative and preventive programs.

The small sample size and the use of a single force plate are limita-
tions of the current study. To investigate the asymmetrical postural con-
trol deficits in Parkinson's disease, the use of two force plates to acquire
the center of pressure is advised. Also, although the present study used
only a small sample size, large effect sizes were found, indicating these are
substantial effects and that the number of patients assessed was sufficient.
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