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Postural control has been established as essential for optimal
function in ambulation and activities of daily living. Postural
control deficits, including an uneven weight distribution in stance,
instability during static standing, and impairment in weight shift, are
common occurrence among adults with post-stroke hemiplegia.
Weight-shifting exercises that emphasize weight transfer and weight
bearing on the affected limb are commonly used to improve stance
symmetry and locomotor performance.

In occupational therapy, the task-oriented activities most frequently
used for balance training includes picking up a bean bag from the
floor (bend reach), upward reaching, and horizontal reaching.
Previous studies support the effectiveness of balance training in
helping the person with hemiplegia to achieve symmetric stance.
Therapists often grade up and down the activity by varying the
height, distance, and angle of the bean bag placement. However,



there has been limited research providing quantitative data and
examining the influence of different object positioning on postural
control and weight shifting.

The first-year study will explore the effects of reaching for objects
at shoulder plane and above with various distances and angles on
weight shifting, postural control, and musculoskeletal loading. The
results showed that he weight shift ratio, duration of reach, and
ankle flexion force were all significantly affected by height, distance
and side of the objects (p<0.05).

The second-year study will focus on the effects of reaching for the
objects at the knee-to-ground level with varying heights, distances
and angles. The results also showed that he weight shift ratio,
duration of reach, and ankle flexion force were al significantly
affected by side of the objects (p<0.05).

The kinematic data and EMG data will be analyzed to provide
evidence for occupational therapists in designing therapeutic
activities.
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Abstract

Postural control has been established as essential for optimal function in ambulation and
activities of daily living. Postural control deficits, including an uneven weight distribution in
stance, instability during static standing, and impairment in weight shift, are common occurrence
among adults with post-stroke hemiplegia. Weight-shifting exercises that emphasize weight transfer
and weight bearing on the affected limb are commonly used to improve stance symmetry and
locomotor performance.

In occupational therapy, the task-oriented activities most frequently used for balance training
includes picking up a bean bag from the floor (bend reach), upward reaching, and horizontal
reaching. Previous studies support the effectiveness of balance traning in helping the person with
hemiplegia to achieve symmetric stance. Therapists often grade up and down the activity by
varying the height, distance, and angle of the bean bag placement. However, there has been

limited research providing quantitative data and examining the influence of different object
positioning on postural control and weight shifting.

The first-year study will explore the effects of reaching for objects a shoulder plane and above
with various distances and angles on weight shifting, postural control, and muscul oskeletal loading.
The results showed that he weight shift ratio, duration of reach, and ankle flexion force were all

significantly affected by height, distance and side of the objects (p<0.05).

The second-year study will focus on the effects of reaching for theobjects a the
knee-to-ground level with varying heights, distances and angles. The results also showed that he
weight shift ratio, duration of reach, and ankle flexion force were all significantly affected by sideof

the objects (p<0.05).

The kinematic data and EMG data will be analyzed to provide evidence for occupational

therapists in designing therapeutic activities.

Keywords Occupational therapy, stroke patients, postural control, functional reach, bend

reach
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Effects of Functional Reach on Postural Control in Patients with Stroke

Chiung-Ling Chen?, Shu-Zon Lou?, Kwok-Tak Yeung®, Shyi-Kuen Wu?, Fong-Chin Su®

Abstract—The purpose of this study was to investigate
the effect of the height, distance and side of the object
positioning in functional reach on postural control in stroke
patients. Motion analysis system and force plate were used to
measure postural control in terms of duration of functional
reach, and weight shift ratio and peak ankle joint moment of
the affected leg. In the results, all the parameters of object
positioning influenced the weight shift ratio; side and height
influenced the reach duration and only height influenced the
affected ankle joint moment. The most challenging condition
that the subject reached for the object positioned on the
affected side at 20 degrees above the plane of shoulder and
1.2 times of arm length away from the subject took the
longest time. However, the weight shift ratio was up to 37.9%
BW on the affected limb while reaching in that condition.

Keywords : occupational therapy, postural control, stroke
patients, functional reach

I.  INTRODUCTION

Postural control has been reported to be essential for
optimal function in ambulation and activities of daily living
[1-2]. Postural control deficits, including an uneven weight
distribution in stance, instability during static standing, and
impairment in weight transfer, are common occurrence
among adults with post-stroke hemiplegia. Weight-shifting
exercises that emphasize weight transfer and weight bearing
on the affected limb are commonly used to improve standing
balance and locomotor performance. In occupational therapy,
the most frequently used task-oriented activities for balance
training include bend reach (picking up a bean bag from the
floor), upward reach and horizontal reach [3-4]. Previous
studies support the effectiveness of balance training in
helping the person with hemiplegia to achieve symmetric
stance [5]. Therapists often grade up and down the activity by
varying the height, distance, and side of the bean bag
placement. However, there has been limited research
providing quantitative data and examining the influence of
different object positioning on reaching performance and
postural control.

Il. METHODS
A. Subject and Experimental Protocol

Eleven subjects with post-stroke hemiplegia participated
in this investigation. They ranged from 37 to 69 years

(54.4%9.1, meanxSD) of age, from 47 to 94 kg (67.3£11.8,
mean+SD) in body weight, and from 150 to 174 cm
(162.9+7.2, mean£SD) in body height. Criteria of selecting
included that the subjects (1) can perform the reaching safely
without assistance, (2) can follow the instruction, (3) have not
any vision disorder and (4) have normal function on sound
side. The Motion Analysis System (Eagle, USA) with six
120 Hz cameras and one 1080Hz Bertec force-plate (BP
4550-08, USA) were used to measure relative joint positions
and ground reaction force (GRF).

Body segment kinematics was derived from a custom
bilateral Helen-Hay marker set (see Fig. 1). The bottle of Coco
Cola was used as the reached object. Subjects were instructed
to reach the objects with his/her sound-side hand. Three
parameters of the object positioning were controlled by
randomly select during experiment. The first parameter was
height of the object positioning, including shoulder height (SH)
and 20 degrees above the plane of shoulder height (SH20).
The second parameter was distance of the object positioning
including arm length and 1.2 times of arm length away from
the subjects. The third parameter was side of the object
positioning including front, sound side and affected side. Both
the sound and affected sides were 45 degrees from the front.
Each subject provided informed consent.

- - e e

Figure 1 Experimental setup on a functional reach
B. Data Reduction

The 3-D data were smoothed by a generalized
cross-validation spline smoothing (GCVSPL) routine at a
cutoff frequency of 6 Hz. Laboratory-developed kinematics
and Kinetics software were used to calculate the joint resultant
forces of the ankle. The ankle joint moment was calculated
using an inverse dynamic procedure with the Newton-Euler
equations. The peak vertical GRF through the affected leg was
determined during the reach and all the GRF measurements
were normalized by the subject's body weight. The weight
shift ratio was defined as difference between the peak and the
initial GRF of the affected leg.

C. Statistic Analysis

Three-way ANOVA with repeated measures was used to
test the effects of height, distance and side of objects
positioning on weight shift ratio , duration of reaching and
ankle joint moment. The significant level was set at 0.05.



I1l. RESULTS
A. Weight shift ratio

The weight shift ratio was significantly affected by height,
distance and side of the objects (p<0.05, see Fig. 2). The
weight shift ratio of the affected leg was 6.2, 13.9 and 37.9
%BW (body weight) while the object positioning was on
sound, front and affected side respectively at 20 degrees above
the shoulder height and 1.2 times of arm length away from the
subject.

B. Duration of the reach

The duration was significantly affected by height and side
of the object positioning (p<0.05, see Fig. 3). The maximal
mean duration was 2.34 sec in one reaching cycle when
reaching the object positioning on the affected side, 20
degrees above shoulder height and 1.2 times of arm length
away from the subject (the most challenging condition).

C. Peak ankle joint moment

The peak ankle joint moment of the affected side was
significantly affected by height of the object positioning
(p<0.05, see Fig. 4). The maximal mean peak ankle joint
moment was 0.51 Nm/Kg when reaching in the most
challenging condition.
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Figure 2 Weight shift ratio of the affected leg

IV. DISCUSSIONS AND CONCLUSIONS

Functional reach for a target at different positions could

be a task with adequate and gradable dynamic balance
challenges for stroke patients [1]. In this study, we provide
evidence that different object positioning indeed influence
the weight shift ratio and peak ankle joint moment of the
affected leg. The clinical implication is that when use of
functional reach as a task-oriented activity for balance
training, the side, distance and height of the object
positioning have to be elaborately manipulated to grade the
difficulty. The long-term effects of the reaching task with
different object positioning on postural control should be

explored in future research.

44 4 t
5 34
t)
c * *
S
g o
S
]
1
0~ T T T
SH SH 20 SH SH 20
1 arm length 1.2 arm length
[affected side front B sound side  *: p<0.05 compared with sound side group

+: p<0.05 compared with SH group

Figure 3 Duration of the reaching

i
f
07
06
0.4
03
02
0.1
00 gy T SH20 | !

SH S|

1 arm length 1.2 arm length
[ affected side 7 front m sound side  *: p<0.05 compared with sound side group
f: p<0.05 compared with SH group 1 p<0.05 compared with 1arm length group

Figure 4 Peak ankle joint moment of the affected leg
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