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Objective: Reach and grasp components must be co-ordinated to preserve the optimal reach-to-grasp performance. However,
conflicting results regarding the deficit in reach-to-grasp co-ordination has been reported in the paretic hand of individuals
after stroke. Additionally, investigations have not been undertaken to study more challenging task constraints to induce the
impairment of reach-to-grasp co-ordination. This study aimed to compare reach-to-grasp co-ordination while avoiding an
obstacle in the paretic hand of individuals after stroke with matched non-disabled adults.

Material and Method: Twenty-four participants having mild severity of upper extremity impairment were recruited with an
equal number of non-disabled adults. Kinematic reach-to-grasp movements with obstacle avoidance were analyzed. Reach-
to-grasp co-ordination was quantified using cross-correlation analysis: maximum correlation coefficient represented the
spatial aspect and the time lag represented the temporal aspects.

Results: Individuals after stroke showed a significant disturbance in the temporal aspect of reach-to-grasp co-ordination, but
not the spatial aspect as compared with non-disabled adults.

Conclusion: Among participants, after stroke reach-to-grasp co-ordination was delayed in the temporal aspect of reach-to-
grasp with obstacle avoidance but preserved in the spatial aspect. Specific methods to assess reach-to-grasp co-ordination

and to treat the time delay to improve co-ordination should be considered in individuals after stroke.
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Activities of daily living are primarily upper
extremity tasks, many of which involve a reach-to-grasp
movement. Reach-to-grasp (RTG) is a complex motor
skill requiring the integration of its two components: 1)
transport- the planning and execution of reaching and
2) grasping movement. Both are termed a higher-order
control system®2), These two components must be co-
ordinated spatially, involving the pattern of movement,
and timing, to preserve the optimal RTG performance
and ensure that the object can be grasped successfully.
Transport-grasp movement is disrupted in the paretic
hand following stroke®™. Although deficits in transport-
grasp movement are present, only a few studies have
assessed this transport-grasp co-ordination disruption
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in individuals with stroke®?. In those studies,
conflicting results in the co-ordination of the paretic
hand were found. Factors accounting for these findings
could be the different designs in task condition, varied
movement speed and different ways of analyzing
co-ordination parameters. Tretriluxana in 2008 proposed
an interesting direct task constraint, a barrier task,
and a sensitive measure, cross correlation analysis, to
investigate transport-grasp co-ordination®0),
Tretriluxana found an impairment of transport-grasp
co-ordination in the non-paretic limb after stroke
compared with age-matched non-disabled adults®.
This finding indicates that the barrier task and the cross
correlation analysis are sensitive enough to detect the
impairment of transport-grasp co-ordination in the non-
paretic limb after stroke. Performing RTG movement
under the barrier task and at a fast speed would
challenge the motor planning of the RTG movement.
Cross correlation analysis would magnify any transport-
grasp co-ordination impairment. The aim of the
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study was to compare the kinematic reach-to-grasp
movements including spatial aspect (pattern of
movement) and temporal aspect (timing) of transport-
grasp co-ordination in the paretic limb of individuals
after stroke compared with matched non-disabled
adults. We hypothesized that the co-ordination in
paretic limb would be disrupted both in spatial and
temporal aspects when performing RTG movement
using a barrier task.

Material and Method
Study population

Right-handed individuals after stroke were
recruited with an equal number of age-matched non-
disabled adults. Individuals after stroke had a unilateral
stroke no earlier than one month, were able to perform
RTG task and had no musculoskeletal or other
neurological problems affecting the task performance.
The level of paresis was measured as mild by the Fugl
Myer assessment (FMA). Participants were recruited
from the Hospital and Physical Therapy Clinics in
Bangkok and Nakhonpathom Provinces. The present
study was approved by the Institutional Review Board,
Mahidol University (COA. No. MU-IRB 2010/080.1603).

Experimental setup

The participants sat in front of a table with
the object to be grasped located at 30 cm from the start
switch immediately in front of the individual. The barrier,
placed at the same side of paretic limb, was located at
15 cm to the front of the start switch and 2.5 cm away
from the midline. The details of our protocols were
described elsewhere. RTG movement was performed
under a foamed shield placed between starting switch
and barrier, which occluded observing the arm and hand
at the initial part of movement and allowed for observing
the end of movement®19. The visual occlusion of the
arms and hands was applied to minimize the use of
feedback. The instruction was “upon the sound, reach
as fast as possible without a bumping the barrier, grasp
the object with your thumb and index finger and lift it
off”. Individuals after stroke performed the task with
their paretic limbs and non-disabled adults performed
the same protocol using their matched limb. Twenty
successful trials of RTG movement were collected and
middle 15 trials were used in the analysis.

Data acquisition and analysis

Kinematic data were recorded using an
electromagnetic motion system (Motion Monitor
Innsport, Inc.). One sensor was attached on the styloid
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process of the wrist and two sensors were attached on
the nail beds of the thumb and index fingers. Kinematic
variables, shown in Fig. 1, included: 1) total movement
time (TMT), 2) transport component: maximum transport
velocity (MV), time of maximum transport velocity
(TMV), 3) grasp component: maximum aperture (MA)
and time of maximum aperture (TMA). The variable of
transport-grasp co-ordination was assessed by cross
correlation analysis between transport velocity and
grasp aperture trajectories. Spatial co-ordination was
derived from the correlation coefficient at the most
similar pattern between the transport velocity and grasp
aperture trajectories, called maximum correlation
coefficient (r__). Temporal co-ordination was
quantified by the time used to shift the transport velocity
trajectory relative to the grasp aperture trajectory until
the r__ was detected. This is termed maximum

max

associated time lag (T, _ ), Fig. 2.

Statistical analysis

Multivariate analysis of variance (MANOVA)
was used to compare the kinematic value between the
individuals after stroke and matched non-disabled
adults. Significant level was set at p<0.05.
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Fig. 1  Kinematic parameter of transport velocity (A),

grasp aperture (B) and cross correlation plot (C)
for a representative trial of RTG movement of a
non-disabled participant.
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Transport velocity (black) and grasp aperture
(gray) trajectories over time for one trial of RTG
movement. (A) Original trajectory. T=0, r=0.05.
(B) After cross-correlation analysis technique. The
transport velocity trajectory was shifted (arrow
line) to achieve the most similar pattern with grasp
aperture trajectory. T __ = 15555 ms, r__ =0.91.
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Results
Participant characteristics

Twenty-four individuals after stroke, 12 right
(4 women) and 12 left hemiparesis (6 women),
participated in the study. Mean time since stroke was
28.7+31.7 months. All individuals after stroke had mild
severity with upper extremity FMA scores of 58.7+4.7.
The non-disabled adults, the control group, were
equivalent in mean age (58.2+8.6 years) when compared
with the stroke group.

Transport and grasp components

Table 1 summarizes mean data of each
parameter in transport and grasps components
performed by control and stroke groups. As expected,
the transport measures of TMT, TMV and TMA of the
stroke group were significantly longer than that of the
control group. MV of stroke group was significantly
lower than that of the control group. In contrast, the
spatial measure, MA, was similar between both groups.

Transport-grasp co-ordination

No significant differences were found in
spatial co-ordination, r__between the stroke (0.75+0.04)
and control groups (0.78+0.05). In contrast, temporal
co-ordination, T__ of transport-grasp movement in the
stroke group (272.5+132.9 ms) was significantly longer
compared with the control group (141.0+40.7 ms, p =
0.002).

Discussion

Performing acomplex RTG action quickly with
a partial visual block and a barrier condition challenged
transport-grasp co-ordination. The authors found a
deficit in overall performance of RTG action as indicated
by prolonged movement time. Despite mild severity of
upper extremity impairment, the temporal transport-
grasp co-ordination, representing a visuomotor
integration of higher-order control systems, was

Table 1. Reach-to-grasp movement; mean (SD)

perturbed®. This experimental design and
measurement, i.e. barrier avoidance under fast speed
and cross correlation analysis, was sensitive enough
to detect co-ordination impairment even in mild severity
individuals-after stroke. Our transport-grasp co-
ordination result conflicted with the previous study
regarding the non-paretic limb of individuals with stroke.
Tretriluxana reported that individuals with stroke,
having mild to moderate arm impairment (FMA scores
43-54), had deficit in both spatial and temporal aspects
of RTG. In contrast, individuals after stroke, having
mild severity of the paretic limb in our study showed
the co-ordination deficit only in the temporal aspect.
The different findings may suggest that individuals
with less arm impairment have more intact spatial
aspects of movement co-ordination. Those having more
severity of arm impairment tended to be disturbed in
both spatial and temporal aspects of transport-grasp
co-ordination.

One possible explanation is spatiotemporal
trade-offV, Spatial components of movement may be
retained while temporal control is delayed. The greater
attention required to track the spatial aspect of
movement, the slower the movement®?. The deficit in
temporal co-ordination may be based on the scheduling
process of RTG timing concept proposed by
Tretriluxana®. The minimal velocity of wrist transport
triggers the initiation of the second phase of grasp pre-
shaping®. The delayed activation in muscles
controlling the reach or grasp of components®?® may
have altered the timing of the second phase of grasp
pre-shaping, leading to a deficit in the temporal aspect
of the RTG action.

Conclusion

Reach-to-grasp performance deficit was found
in the temporal aspect transport-grasp co-ordination
in the paretic limb of individuals with mild severity after
stroke. The RTG task with the barrier condition is an

Reach-to-grasp parameters Control (n = 24) Stroke (n = 24) p-value
Total movement time (ms) 658.48 (105.50) 1,132.79 (359.65) <0.001
Transport component
Maximum transport velocity (cm/s) 151.23 (40.21) 88.59 (26.09) <0.001
Time of maximum transport velocity (ms) 163.14 (47.05) 283.60 (143.69) <0.001
Grasp component
Maximum aperture (cm) 6.66 (0.93) 6.33 (1.62) >0.05
Time of maximum aperture (ms) 379.39 (53.82) 704.81 (261.38) <0.05
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effective method to assess transport-grasp co-
ordination. Our findings suggested that the
intervention for individual after stroke might focus on
improving the speed of movement to enhance reach-to
grasp co-ordination.

What is already known on this topic?

Conflicting results in the reach-to-grasp
(transport-grasp) co-ordination deficit of the paretic
limb were found when individuals with stroke performed
reach-to-grasp movement with an indirect task
constraint, a non-barrier task. Using a more challenging
task constraint, a barrier task and a sensitive measure,
cross correlation analysis is able to detect the co-
ordination deficit in the non-paretic limb.

What this study adds?

This is the first study to demonstrate
impairment of the temporal, but not the spatial aspect
of reach-to-grasp co-ordination in mild severity
individuals after stroke.
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