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1. INTRODUCTION
     Postural instability is one of the cardinal symptoms of
Parkinson’s disease (PD)1, and is exaggerated in specific
circumstances such as turning2,3. Difficulty turning is a sensitive
predictor of the two key symptoms of PD locomotion: freezing
and falling4. the high prevalence of turning in everyday life5 and
the association of turning with falls and freezing in PD highlight
the importance of understanding the turning impairment in this
population.
     Previous research has shown that while walking, PD patients
turn slower, make wider turns with narrower steps and take more
steps to complete the turn6-12. the temporal organization of
segmental reorientation during walking turns also is impaired
even in PD participants who demonstrate normal spatio-
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ORIGINAL ARTICLE

temporal gait parameters during straight walking and exhibit
negligible or no axial rigidity6,7,13. In comparison with age-
matched healthy elderly, segmental reorientation is delayed
significantly in PD. Furthermore, while healthy elderly turn their
head, upper trunk and pelvis in a craniocaudal sequence,
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individuals with PD turn their head and upper trunk together
followed by the rotation of pelvis6,7,13. 
     On-the-spot turns are also exceptionally prevalent in daily
activities and many falls in PD happen while making such turns.
Preparing food at the kitchen counter, answering the phone and
even rising from a chair and ambulating involve some degree of
on-the-spot turns. During on-the-spot turns, PD patients turn
slower and take more steps than healthy controls (HC)4,14,15.
Only a few studies have examined the temporal organization of
segmental reorientation during on-the-spot turns in PD14-16 and
results are inconsistent. Hong and colleagues14 report that during
180° on-the-spot turns, healthy individuals demonstrate a
craniocaudal sequence of turning. Individuals with PD “off”
medication however start turning en bloc and the relative
rotation between body segments was reduced in comparison with
HC14. A later study by Hong and colleagues16 reported that
medication did not alter turning behavior; in both “off” and “on”
conditions, individuals with PD demonstrated a “nearly
simultaneous onset” of segments rotation while making 180° on-
the-spot turns. Although dopaminergic medication caused a
slight, non-significant increase in the absolute and relative
amplitude of rotation of body segments, the amplitude of
segments rotation remained well below the values reported for
age-matched HC16. 
     Anastasopoulos and colleagues15 reported that predictability
of target location influences the pattern of segmental
reorientation during on-the-spot turns. they examined turns
varying in magnitude from 45 to 180 degrees. A top-down
reorientation of segments was observed for HC and PD

participants “on” medication groups when turning toward an
unpredictable target location; a more en bloc segmental
reorientation was observed in both groups when turning toward
a predictable target. Compared with HC, PD patients took
multiple smaller steps to complete the turn and turned more
slowly. 
     this study, and a companion paper, examined turning
behavior in healthy older adults and individuals with moderate
PD symptoms in “off” and “on” medication states when
performing on-the-spot turns (this paper) and turns initiated
while walking (companion paper). We examined small (45°) and
large (90°) turns to determine if turn magnitude differentiated the
turning behavior of HC versus individuals with PD. All turns
were self-paced and toward predictable targets, so as to allow
comparison of turning strategies during on-the-spot turns and
turns while walking and to minimize any impact of cognitive
differences between groups. 

2. METHODS
2.1. Participants
     Fourteen individuals with PD and nineteen age-matched HC
participated in this study (table 117). Patients were diagnosed
with idiopathic PD by their neurologist and were free from any
musculoskeletal or additional neurologic conditions. three
patients reported one fall each during the six months prior to
testing. Healthy controls were free from any neurological or
musculoskeletal impairment and had no history of falls in the six
months prior to the experiment.

† Unified Parkinson’s Disease Rating Scale (total motor sub-score); * significantly different from “on” medication. λ Participants who reported one
fall each during the six months prior to testing. ∆ the only participant who demonstrated freezing. ∆ Daily dose of the levodopa equivalent of
dopaminergic medications17. Ω 1mg of Rasagiline per day. Currently there is no formula for calculating the levodopa equivalent of Rasagiline.
SD=standard deviation; M=Male; F=Female; n=number

 

 

 

 
PD participant’s  

ID 

 
Gender 

 

 
Age 

(year) 

 
PD Duration  

(year)  

 
Medication 

 
Daily Dose! 

(mg) 

 
UPDRS† Score 

“Off” Med 

 
UPDRS† Score 

“On” Med 
1 F 64 5 Pramipexole 201 30.5 16 
2 F 57 4 Levodopa/Carbidopa, Trihexyphenidyl 400 38 32.5 
3 M 70 9 Levodopa/Carbidopa 450 39 23.5 
4 F 64 5 Levodopa/Carbidopa 500 22 12.5 
5 M 67 6 Levodopa/Carbidopa 800 36 24 
6 M 70 2 Rasagiline 1! 20.5 12 
7 F 68 7 Ropinirole 200.04 13.5 6.5 

 8" M 62 5 Levodopa/Carbidopa & Pramipexole 401.5 14.5 6 
9" F 70 8 Levodopa/Carbidopa 450 12 12 
10 M 73 1 Rasagiline 1! 18 9.5 
11ø M 62 8 Levodopa/Carbidopa 1000 29 20.5 
12 M 63 3 Levodopa/Carbidopa 400 19.5 12 
13" F 70 5 Levodopa/Carbidopa & Ropinirole 733.36 14 8 
14 F 74 4 Levodopa/Carbidopa  600 25 22 

Mean  67 5     24* 16 
SD  4.8 2.3    9.4 7.8 

 
 
 

 
                      

                           
                   

Table 1: Characteristics of participants 
     Healthy participants: (n=19, 10 M, 9 F), Mean age 66 years (SD 4.2)    
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     Participants were informed about the experimental procedure
before signing a consent form. All procedures were approved by
the Office of Research ethics at the University of Waterloo and
the University of Western Ontario. 

2.2. Data Collection
     twelve infra-red emitting diodes (IReDs) were mounted on
the following locations of the body, bilaterally: ear, acromion
process, anterior superior iliac spine, hip joint, lateral malleolus,
and the big toe. One IReD was mounted on the chin and another
on the participants’ chest approximately 5cm below the jugular
notch. Four Optotrak 3D imaging system cameras (northern
Digital Inc., Canada) were used to record IReD data at 120 Hz. 
Participants stood on the lab floor with their arms crossed in
front of their chest. Four pylons were placed approximately 3m
away from them at 45° and 90° to their right and left. before
each trial participants were told about the direction and the
magnitude of the turn for that trial, i.e., they were told which
pylon they should turn toward. Participants were instructed to
turn (following a verbal “go” signal) with their whole body
(including their feet) and at their natural, comfortable speed to
face the designated pylon. they were also instructed to avoid
pivoting their feet and to turn by lifting and moving the entire
foot. Participants turned while having their arms crossed in front
of their chest. this approach served two purposes: 1) it prevented
blocking of the IReDs positioned on the pelvis area; 2) since arm
swinging is reduced in PD18, this strategy eliminated the possible
contribution of arm swing on segmental reorientation for both
groups. 
     Participants performed three trials in each of the four
directions; however, due to the limited equipment and space,
data were collected only during the right-turn trials (six trials).
Participants were unaware that data were not being collected
during the left-turn trials. the order of the right-turn and left-turn
trials was randomized. Upon completion of all trials, each
participant’s spinal flexibility was measured using the Functional
Axial Rotation (FAR) test19.  
     Individuals with PD were tested in “off” and “on” medication
states. they were asked to skip the last dose of their
dopaminergic medication prior to coming to the laboratory.
Upon arrival, they were tested while “off” medication (12 hours).
then they were asked to take their dopaminergic medication.
the second round of trials started when the participant reported
that he/she was in “on” state (at least an hour after taking the
medication)20,21. Spinal flexibility of each individual with PD
was measured in both “off” and “on” medication states using the
FAR test. Rest periods were provided throughout the experiment
upon the participants’ request.

2.3. Data processing 
     the Optotrak data were low-pass filtered (butterworth) prior
to analyses with a cut-off frequency of 6 Hz. the yaw angular
displacement profiles of the head, shoulder (upper trunk), and
pelvis in the global reference frame were determined from the
three non-co-linear IReDs placed on each segment. the head
segment was created using the IReDs placed on the ears and
chin, the shoulder segment was created using the two IReDs
placed on the participant’s shoulders and the one on his/her
chest, and the pelvis segment was created using the three IReDs

placed on the right and left anterior superior iliac spine and the
right hip joint. Angular displacement profiles were used to
determine the start of the turn. For each trial, data collection
started at least one second before the participant was instructed
to turn. the initiation of the head, shoulder and pelvis turn was
calculated as the point in time that the angular displacement data
indicated the start of the turn towards the new direction,
providing the deviation continued beyond the range of angular
displacement of each segment during the initial one second quiet
stance. Although the start times were clearly identifiable since
the turns were made from quiet stance, we used velocity profiles
to ensure that the start points marked were not outliers and that
they accurately indicated the start of the movement. toe
displacement profiles were used to determine the onset of
change in the orientation of the feet. For each foot, the start of
turn was calculated as the point in time that the toe displacement
data indicated the start of the turn towards the new direction,
providing the deviation continued beyond the range of toe
displacement during quiet stance.
     Initiation of head reorientation was considered the reference
time (0ms). Delay time (Dt) refers to the delay in reorientation
in the yaw plane of shoulder (Dt-Shoulder), pelvis (Dt-Pelvis),
and the foot that deviated first towards the new direction (Dt-
Foot) relative to the start of head turn.
     For each trial, the peak velocity of head, shoulder and pelvis
in yaw direction was calculated. the magnitude of head,
shoulder and pelvis turn was recorded from the time when the
segment initiated reorientation to the onset of mediolateral foot
displacement.

2.4. Data Analysis
2.4.1. Effects of PD 
     Due to lack of main effect for gender, this factor was removed
in further analysis. 
     Data collected from the HC and PD participants “off”
medication were compared to examine the effects of PD. A
three-way repeated measure analyses of variance (AnOvA) with
group (HC vs. PD) as between factor and segment (shoulder,
pelvis, foot), and magnitude (45°, 90°) as within factors was
performed on Dt-Shoulder, Dt-Pelvis and Dt-Foot. Since
initiation of head rotation is considered as the reference time,
head could not be included in the above analysis. therefore, t-
tests were performed to determine if the means of Dt-Shoulder,
Dt-Pelvis and Dt-Foot were significantly different from zero
(initiation of head reorientation). A bonferroni correction was
used to correct for multiple comparisons.  
     between group comparisons of velocity and the degree of
turn achieved by different segments at the onset of ML foot
displacement were examined using a three-way repeated
measure analysis of variance (AnOvAs) with group (HC vs.
PD) as between factor and segment (head, shoulder, pelvis), and
magnitude (45°, 90°) as within factors. 

2.4.2. Effects of dopaminergic medications 
     Data obtained from PD participants “off” and “on”
medication were compared to examine possible effect of
dopaminergic medications on segmental reorientation. to
examine the effect of medication on the sequence and timing of
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segmental reorientation during small and large turns, a three-way
repeated measure AnOvA with condition (“off” and “on”),
segment (shoulder, pelvis, foot), and magnitude of the turn (45°,
90°) as within factors was performed on Dt-Shoulder, Dt-Pelvis
and Dt-Foot. t-tests were performed to determine if the means
of the Dts in segment reorientation are significantly different
from zero (initiation of head reorientation). A bonferroni
correction was used to correct for multiple comparisons.
     to examine the effect of medication on the velocity and the
amount of turn achieved by each segment at the onset of ML foot
displacement, three-way repeated measure AnOvAs were
performed with condition (“off” and “on”), segment (head,
shoulder, pelvis), and magnitude of the turn (45°, 90°) as within
factors. 
     For conditions showing a main or interaction effect of a
factor, tukey’s Studentized Range test (HSD) was performed to
determine which means were different from the others. A
significance value (P) of less than 0.05 was used to test statistical
significance.

3. RESULTS
     Sample profiles in Figure 1 display en bloc rotation for a HC
and a PD participant “on” and “off” medication. Figure 1 shows
the profiles of segmental reorientation of head, shoulder, and
pelvis in the yaw plane during a 45° and a 90° turn, as well as
head-on-shoulder and shoulder-on-pelvis angular displacements.

the graphs show simultaneous onset of head, shoulder and
pelvis rotation for both the HC and PD participants “on” and
“off” medication; this pattern was observed for 45° and 90°
turns. the 90° turn revealed faster rotation of the head (steeper
slope) than the shoulders and pelvis for the HC participant.
Conversely, for the individual with PD while “off” medication
this separation did not occur and all three segments continued to
turn in unison. the small head-on-shoulder rotation was restored
when the individual with PD was “on” medication (Figure 1). 

3.1. Effects of PD 
     the sequence and timing of segment reorientation was
similar for HC and PD participants “off” medication. the
AnOvA revealed no significant main or interaction effect of
group on the sequence and timing of the segmental reorientation.
Furthermore, results of the t-tests revealed that Dt-Shoulder and
Dt-Pelvis were not significantly different from zero (i.e., the
onset of head rotation) for both groups and magnitudes of turn.
However, Dt-Foot was significantly different from zero for both
groups. these results indicate that regardless of the magnitude of
the turn, both HC and PD participants turned their head,
shoulder, and pelvis simultaneously. the simultaneous
reorientation of the head and trunk was followed by foot
reorientation (Figure 2).  
     However, the AnOvA revealed significant main effects of
segment (F(2,62)=336.70, P<0.0001) and magnitude of the turn

Figure 1: Profiles of head (solid lines), shoulder (long dashes), and pelvis (dashes) and the much smaller head-on-shoulder (dashes) and shoulder-on-
pelvis (dots) displacements in yaw during a 45° (a,b,c) and a 90° (d,e,f) turn for a healthy participant and a PD “off” and “on” medication. Arrows
indicate start of foot turn. 
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(F(1,31)=6.16, P=0.0187), and significant segment*magnitude
interaction effect (F(2,62)=3.74, P=0.0293) on delay times.
examining the significant segment*magnitude interaction effect
revealed that while Dt-Shoulder and Dt-Pelvis were not
different during the 45° and 90° turns, Dt-Foot was significantly
longer during the 45° than 90° turns (mean±std=424±150 and
361±118ms for 45° and 90° turns, respectively).
     Peak velocity of reorientation was smaller across all segments
for PD versus HC participants. AnOvA revealed significant
effects of group (F(1,31)=10.86, P=0.0025), segment (F(2,62)=
45.59, P<0.0001), magnitude (F(1,31)=284.20, P<0.0001),
segment*group (F(2,62)=8.36, P=0.0006), and segment*
magnitude (F(2,62)=34.49, P<0.0001) on the segment velocities.
During both turns and for all segments, the peak velocity was
significantly smaller for PD than HC (Figure 3). Furthermore,

for both groups and for all segments the peak velocity was
significantly greater during the 90° than 45° turns (Figure 3).
examining the segment*group interaction revealed that
averaged across the two magnitudes of the turn, for each group
the velocity of head was significantly greater than the velocity of
shoulder and pelvis; however, the difference was larger for HC
than PD participants.  
     examining the segment*magnitude interaction effect
revealed that averaged across the two groups, there was no
difference in the velocity of head, shoulder, and pelvis during the
45° turns; however, the velocity of head was significantly greater
than that of shoulder and pelvis during the 90° turn (Figure 3).
     Magnitude of reorientation was smaller across all segments
for PD versus HC participants. the AnOvA revealed significant
effect of group (F(1,31)=8.13, P=0.0077), segment (F(2,62)=

Figure 2: Mean and standard deviation (error bars) of the delays in initiation of reorientation of shoulder, pelvis and foot
during 45° and 90° turns for healthy controls and people with Parkinson’s disease “off” and “on” medication. Stars
indicate significant difference from zero. (α=0.008). 

Figure 3: Mean and standard deviation (error bars) of the peak velocity of head, shoulder and pelvis during 45° and 90°
turns for healthy controls and people with Parkinson’s disease “off” and “on” medication. Stars indicate significant
differences (α=0.05).
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57.02, P<0.0001), and group*segment (F(2,62)=4.76, P=0.0119)
on the amount of turn achieved by the onset of ML foot
displacement. tukey’s analyses revealed that the amount of turn
achieved by each segment was significantly smaller for PD
participants than for HC (mean±std=10.9±3.8 and 16.3±6.9deg
for head, 7.3±2.5 and 11.1±5.1deg for shoulder, and 7.8±2.9 and
10.2±4.9deg for pelvis for PD and HC, respectively) (Figure 4).
While for both groups the amount of head turn was significantly
greater than the amount of shoulder and pelvis turn, the amount
of head turn in PD participants was significantly smaller than the
amount of head turn in HC and was similar to the amount of
shoulder and pelvis turn of HC (Figure 4). 

3.2. Effects of dopaminergic medications 
     the effects of dopamine medication were examined by
comparing the performance of PD participants when “off” and
“on” medication. Since medication effects are the primary
interest of this section, only the main and interaction effects of
medication are reported. 
     the sequence and timing of segment reorientation was
similar for PD participants “off” and “on” medication. the
AnOvA revealed no significant main or interaction effect of
medication on the latencies of shoulder, pelvis and foot

reorientation relative to each other. the t-tests revealed that
while “off” medication, Dt-Shoulder and Dt-Pelvis were not
different from zero during 45° and 90° turns. When “on”
medication, Dt-Shoulder and Dt-Pelvis displayed a small
increase; this increase significantly differed from zero for the
shoulder during 45° turns (t=3.81, P=0.0022) and for the pelvis
during 90° turns (t=3.30, P=0.0057). Dt-Foot was significantly
different from zero during “off” and “on” medication and for
both magnitudes of the turn (Figure 2). Setting aside the small
increase in the shoulder and pelvis delay times when “on”
medication, these results indicate that regardless of the
magnitude of the turn, both HC and PD turned their head,
shoulder, and pelvis simultaneously. the simultaneous
reorientation of the head and trunk was followed by foot
reorientation (Figure 2).  
     Although medication increased the segments velocity during
both small and large turns (Figure 3), this effect was not
significant. 
     AnOvA revealed significant effect of segment
(F(2,26)=37.51, P<0.0001), segment*medication (F(2,26)=3.95,
P=0.0318), segment*magnitude (F(2,26)=4.59, P=0.0196), and
segment*medication*magnitude (F(2,26)=4.76, P=0.0173) on
the amount of turn achieved by the onset of ML foot

Figure 4: Mean and standard deviation (error bars) of the amplitude of head, shoulder and pelvis turn by the onset of foot
displacement during 45° and 90° turns for healthy controls and people with Parkinson’s disease “off” and “on” medication.
Stars indicate significant differences. (α=0.05).

FAR scores (degree) of individuals with Parkinson disease “off” and “on” medication and healthy controls. Scores are the
average of the scores for the right and left side rotations. 

 
PD Participants (n=14) 

 
“off” medication                                           “on” medication 

Healthy Participants (n=19) 

Head Shoulder Head Shoulder Head Shoulder 

94±15 36±10 91±16 36±12 100±13 43±10 
 
 
 

                  
                      

Table 2: Functional Axial Rotation (FAR) scores   
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displacement. Further analyses revealed that only during the 90°
turns and only for the head the magnitude of turn was
significantly greater for PD participants while “on” than “off”
medication (Figure 4). the mean and standard deviation of head
turn at the onset of ML foot displacement was 14.5±7.9deg and
10.9±4.5deg for PD participants “on” and “off” medication,
respectively (Figure 4).
     the Functional Axial Rotation scores revealed no difference
between HC and PD patients “off” medication, and between PD
patients “off” and “on” medication (table 2).

4. DISCUSSION
     this study examined the sequence and timing of reorientation
of the head, shoulder, pelvis and feet during on-the-spot turns in
healthy elderly and PD participants while “off” and “on”
dopaminergic medication. Healthy elderly started turning their
head, shoulder and pelvis simultaneously regardless of turn
magnitude. Simultaneous reorientation of head and trunk was
followed by reorientation of the feet. A similar temporal
coordination was observed for PD participants, both when “off”
and “on” medication. these findings support and extend the
findings of Anastasopoulos and colleagues15,22 who showed
smaller onset latencies of body segments rotation, especially of
the trunk and feet, as healthy individuals and PD participants
“on” medication made 45°, 90°, 135°, and 180° turns to
predictable target locations in “return” trials in comparison with
“outbound” trials in which the target locations were not
predictable. For both groups the differences in onset latencies of
the eyes, head, trunk, and foot rotation were smaller in trials with
predictable target locations, resulting in more en bloc rotation of
the body. In our study, participants were informed about the
direction and the magnitude of the turn before each trial.
therefore, both target location and magnitude of the turn were
predictable. Furthermore, participants were instructed to turn at
their natural, comfortable speed to face the pre-designated pylon.
Considering the predictable nature of the task and the absence of
any time constraints, participants in both groups chose the
simpler en bloc strategy over the segmented turning strategy.
Dopaminergic medications had limited effect on the sequence
and timing of segmental reorientation.
     Hong and colleagues14 reported a craniocaudal sequence of
rotation for healthy controls; but no significant differences in the
onset latencies of head, trunk and pelvis as PD participants made
180° on-the-spot turns at their natural, self-selected speed. While
the behavior of PD participants is consistent with our findings,
that of the HC appears to differ. However, a closer look at the
reorientation onset times of HC reported by Hong and
colleagues14 does not support a craniocaudal sequence: the
differences between onsets of head-trunk or trunk-pelvis turns
were statistically insignificant; only the onsets of head-pelvis
turn were significantly different. 
     en bloc turning has the advantage of reducing the
dimensionality of the interconnected chain of axial segments to
one degree of freedom in order to simplify coordination of
movement in the transverse plane. Systematic reduction in the
number of degrees of freedom during different tasks as a strategy
to cope with the problem of intersegment coordination has been
previously reported23-27 and is in agreement with the notion
proposed by bernstein28 that during repetitive, skilled

movements the central nervous system is able to successfully
master the redundancy of the number of degrees of freedom. We
propose that if the turns were unpredictable (e.g., the direction
and/or the magnitude of the turn were indicated by a sudden,
unpredictable cue), or if there were time constraints (e.g.,
participants were instructed to turn as fast as possible)
participants might have chosen to turn their body segments in
sequence to allow greater degrees of freedom to ensure a
successful turn.    
     the peak velocity of all segments was significantly smaller
for PD participants than HC. this result complements reports of
lower segments velocity for PD participants in comparison with
age-matched controls during standing14-16 and walking9 turns.
the lower velocities in PD participants could be due to
bradykinesia. Alternatively, slower turns may be a compensatory
strategy; PD participants may turn slower to produce less body
momentum to be arrested at the end of the turn. Dopaminergic
medication caused a small, insignificant increase in segments
velocity during both small and large turns.
     examining the amplitude of turn achieved at the onset of ML
foot displacement revealed that for each segment the amplitude
of turn was significantly smaller for PD participants “off”
medication than for HC. this finding is in accordance with the
findings of other studies showing reduced amplitude of turn in
PD6,7,14. Contrary to the reports of diminished spinal flexibility
in PD12,19,29, the FAR scores of our PD participants, even while
“off” medication, were not different from those of the HC
suggesting that in our study mechanical deficits are not
responsible for the reduced magnitude of the turn in PD
participants. the smaller amount of turn achieved by PD could
be due to their lower angular velocity. Alternatively, smaller
turns could be the direct result of PD. Although medication
increased the amplitude of rotation of all segments during the
90° turns, this effect was only significant for head. this finding
is in line with reports of limited and insignificant effect of
dopaminergic medication on the amplitude of rotation of body
segments during on-the-spot turns16. 
     In our study, due to the limited equipment and space, data
were recorded only when participants turned to their right.
Furthermore, PD participants were not screened for the laterality
of their symptoms. Stack and colleagues showed that healthy
controls turn similarly to their right and left. Parkinson’s disease
however, show significant directional differences in step count,
turning speed and quality of turn as they make 180° turns from a
standing position to their right and left. nevertheless, the
left/right differences observed in PD participants were not
related to the laterality of the symptoms, i.e., turning ability of
PD did not differ consistently as they turned towards or away
from their most affected side30. Hong and colleagues16 also
report no differences in kinematic measures of turning when PD
participants turned toward and away from their most affected
side. nevertheless, considering the directional differences in
turning performance of individuals with PD30 and the directional
preference of  healthy individuals during spontaneous turns31,32,
the effect of direction of the turn on the timing and sequence of
reorientation of body segments during on-the-spot turns warrants
further investigation.
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CONCLUSION
     this study was an attempt to further characterize turning
performance of individuals with PD participants and has clinical
applications in both diagnosis and rehabilitation of turning
difficulty in this patient population. 
     We proposed that turning difficulty in PD might be due to a
disturbance in temporal organization of segmental reorientation.
Our results do not support such a proposition and show that the
temporal organization of segmental reorientation during on-the-
spot turns remains intact in PD. Parkinson’s disease reduces the
velocity and early magnitude of reorientation of each body
segment which are both slightly improved by dopaminergic
medication. However, the most interesting observation of the
fact that the HC and PD patients turn en bloc in the situation
when the turn is predictable and with ample time provided,
clearly shows that the strategy of en bloc turning is not wrong if
the movement parameters are unconstrained. Real life situations
often require quick and/or unpredictable turns. It is in these
situations that we feel HC are able to change the strategy from
en bloc to sequential segmental turning while PD patients may
not and may continue to turn en bloc. In this latter scenario, the
en bloc strategy may be unsafe and more likely to result in falls.
these differences, which may have implications for
rehabilitation strategies, need to be investigated further.
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