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Introduction

Human balance is maintained through a
complex process involving sensory detection
integration of sensori~
motor within  the
nervous system, and execution of appro-
priate musculoskeletal response (Nashner,
990).

The task of maintaining
“static” balance during standing and sitting)

of body motions,

information central

in-place (e,

is different from maintaining balance when
a person is moving from point A to point
B (ie, "dynamic” balance during walking)
(Woollacott and Tang, 1997). Patla (1993)
suggested two balance control mechanisms
for maintaining equilibrium during human
walking. The first mechanism, the proactive
control mechanism, refers to the balance
control mechanism that take place before
the body encounters a potential threat to
stability. This mechanism is to activate
muscles or generate joint torques to reduce
threats to
balance This

proactive control involves an early detection

the inherent biomechanical

during normal walking.
of potential environmental hazards and the

implementation of postural and locomotion
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adjustments prior to the actual contact with
the hazards. The visual system is the key
to an early detection of potential balance
threats (Chen et al, 1996).

If balance threats are not detected in
advance, the reactive control mechanism is
needed. Then,
automatic postural
The difference between

a person has to evoke
responses to quickly
regain balance.
reactive control mechanism and proactive
that the
former primarily relies on the somato-

control balance mechanism is
sensory and vestibular systems to deter-
mine the extent and type of threat and to
trigger appropriately scaled
responses (Patla and Rietdyk, 1993).
Whole body postural stability is archived
through the concurrent action of muscles at
1990). The
is  usually

postural

all segment levels (Keshner,
dynamic response of a limb
associated with its posture (Hogan et al,
1987). The arm movements are associated
with postural adjustments while walking

(Nashner, 1986). Changes in leg joint
angles revealed a “hip-ankle strategy”
during shoulder flexions and an “ankle

strategy” during shoulder extension (Aruin
and Latash, 1995). Patla and Rietdyk (1993)
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reported that the movement of the swing
to

barrier height, but not the barrier width,

limb was modulated according the

provided that the goal or the person was to
step over, rather than around, the obstacle.
suggest that

The aforementioned studies

the arm movements are associated with

stabilization step So we hypothesized that
the arm movement restrictions could have
an effect on stabilization step with respect
to The of

research was (o study the effects of arm

barrier height. purpose our
restriction with respect to different barrier

height

Materials and Methods

Subjects

Thirty healthy subjects were used for

this studv: 14 men and 16 women, with an
average age of 21.5 (range, 19 to 30 years).
Male subjects had a mean of 21.8 vears of
age, 172.4 em mn height, 66.4 kg in weight.

Female subjects had a meen of 21.2 years

had experienced muscle weakness, joinl
deformity or limited range of motion of the

lower extremities. Also no subject had a

history of wvestibular or central nervous
system problem.

Procedures for data collection
Stabilization  step  was measured by

FASTEX (functional activity system for

testing and exercise, Cybex Division of

Lumex, Inc., USA). Measurements included
stabilization time. From a standing position,
the subjects were asked to step forward
his/her
attempts to stabilize as quickly as possible
A

was the starting platform and platform "B”

and land on dominant leg and

Two platforms were used. Platform
was the target platform. Platform "B” was
placed approximately 25 cm from the edge
of platform "A” Various barriers are placed
between two platforms.

To leg,
stood on the edge of platform "A”
both platform. The

subject focused on the target platform and

test the dominant the subject

with
facing

legs target

of age, 13953 em 1n height, 574 kg in  not on the computer screen. After waiting
weight. A description of the subjects is  for an audic cue generated from the
shown i Table 1. Noae of the subjects  computer, the subject stepped forward
had a recent or remote history of leading with the dominant leg and landing
significant lower extremity injury, and none  on the target platform with  his/het
Table 1. Values for age, weight, and height
Age (yr) Height (cm) Weight (kg)
(zender S —
Mean (SD) Range Mean (SD) Range Mean (SD) Range
Male (ni=14) 218 (35) 19~30 1724 (41) 164~177 66.4 (9.5) 57~92
Female
cmnate 912 (18)  19~22 1505 (59)  146~168 495 (B6) 4068
(1’12’16)
215 (2.7) 19~30 1655 (83)  146~177 574 (11.7) 40~92

Total (N=30)
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dominant leg and stabilizes as quickly as
possible. The stabilization time was calcu-
lated by the computer.

The stabilization time was calculated by
measuring the time from the initial contact
with the target platform until the signal
was maintained within the preset voltage
threshold (the vertical scale) for the entire
preset period time (the horizontal scale).
We adjusted the vertical
thresholds as 070 v, and .250 sec, respec-—

and horizontal

tively. To avoid learning effect, trials were
carried out 20 times. After each set of 3
repetitions, we took the mean value as the
score for that test.

We executed stabilization step test with
three different and with three
different arm movement conditions. The
barrier conditions used in the test were; no
and a 25 o

barriers

barrier, a 15 cm Dbarrier,
barrier. The all barrier width were 10 cm.
The arm conditions were; no restriction of
the arm, restriction of the dominant arm,
and restriction of both arms. A strap was
used  to We

permitted a 2-minute rest break between

restrict arm movement.

each test set to avoid muscle fatigue.

Data analysis

Data were analyzed using the SPSS/PC’

computer package. Two-way repeated
analysis of variance was used to find the
effect of arm conditions

dominant arm restriction, both arm restric-

(no restriction,

tion) and barrier conditions (no barrier, 15
cm barrier, 25 cm barrier) on stabilization

time. Independent t-tests were used to
compare the stabilization time with respect
to gender. The significance level was set at

a value of p<.05.

Results

All 30 subjects completed the test. Table
2 shows the mean values of stabilization
time in different barrier condition with the
The

mean values of stabilization time for no

different arm movement conditions.

barrier condition were .89 sec for no arm

restriction, .88 sec for dominant arm
restriction and 84 sec for both arm
restriction.

The mean values of stabilization time for
15 cm barrier condition were .98 sec for no
arm restriction, 1.00 sec for dominant arm
restriction and 1.14 sec for both arm
restriction. The mean values of stabilization
time for 25 cm barrier condition were 1.09
sec for no arm restriction, 1.28 sec for
dominant arm restriction and 1.57 sec for
both arm restriction (Table 2).

Table 3 shows the comparison of mean
values of stabilization time at different
condition, respectively. There were no
significant differences.

Table 4 shows the effects of arm and
barrier conditions on stabilization time.
There was significant interaction (p<.05).
We drew the interaction plots to visually
clarify data from a two-factor analysis of
variance. There was a significantly high
difference among the three barrierconditions.
Arm condition did not affect stabilization
time in no barrier condition, but arm
condition did affect stabilization time in
the 15 em and 25 cm barrier condition. In
both arm restriction in the 25 cm barrier
condition consistently produced a longer
stabilization time than other combinations

of the two variables.
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Table 2. Mean values of stabilization time as different conditions {unit: sec)
Barrier Arm restriction Mean SD
No 39 39
No Domirant side 88 40
Both side B4 ) 36
"""" No 98 32
15 cm Domirant side 1.00 .36
Boty side 1.14 A2
”””” ‘ No e 30
25 «m Domiran: side 128 37
Both side 1.57 A7

NS: Not significant.

Table 3. Comparison of stabilization time between males and females in
different conditions

Barrier Arm restriction —— l\/legrllal(eSD) MZ:???D) t-Value p
N¢ 91 (42) 88 (.39) 14 NS

No Dominart side 91 (41) 86 (.40) 33 NS
Both side 83 (.33) 85 (39) 16 NS

O Ne 101 (40) 95 (25 45 NS

15 om Dominart side 99 (.38) 1.01 (.36) .09 NS
Both side 117 (48) 1.11 (.36) 37 NS

"""""""" . No 115 (30) 1.03 (29) 1.05 NS
%5 on Dominant side 136 (.30) 121 (42) 115 NS
Both side 155 (42) 159 (52) 20 NS

NS* Not significant.

Table 4. Summary table fo- a two-way analysis of variance: Effect of arm

conditions and barrier conditions on stabilization time

Source ;f variance df Sum of square Mean square F
Barrier (1’\) 2 8.86 4.43 30.75
Arm condition (B) 2 251 1.26 8.71
AXD 4 1.55 0.39 2.69

p<.05
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Discussion

The purpose of our research was to
study the effects of arm restriction with
respect to different barrier height. So far,
many studies have focused on ankle, hip,
and trunk strategy in postural control
during steady standing (Hellebrandt et al,
1962; Larson et al, 1990). Physical therapist
patients with useless
arm-related diseases such as hemiplegia,
head trauma, and upper extremity amputee.

Recently studies about the postural adjust-

may often meet

ments associated with arm movements
during balancing have been increasing
(Blaszczyk et al, 1997, Gantchev and

Dimitrova, 1996).
Postural  stability is
postural control, which is exhibited in the

modulated by

form of postural adjustments (Cordo and
Nashner, 1982). In humans, the control of
balance during steady-state walking is not
an easy task because of bipedal locomotor
pattern which consists of a two single-limb
support period. During these two periods,
the vertical projection of the body’s center
of mass (COM) travels forward and outside
the medial border of the supporting foot
(Shimab, 1984). To counterbalance the
mediolateral instability during single-limb
support periods, a counterbalancing momen-
tum around -the hip and lower trunk is
required (MacKinnon and Winter, 1993). In
this study, the stabilization time had no
significant difference among the three arm
and no barrier conditions. MacKinnon and
Winter (1993) reported that the counter-
balancing momentum during steady-state
walking is largely generated by the hip
abductors and trunk lateral flexors, and fine

tuned by the ankle evertors and invertors.

This may be a possible reason why there
was no significant difference among the
three arm condition and no barrier
condition.

A biomechanical disadvantage of human
locomotion has to do with human body
thirds of the total body
is centered in the upper body

segment. The mainten-

structure-two
weight
{head-arm-trunk)
ance of the upper body not only prevents a
potential fall preceded by an unsteady
upper-body movement, it also assist in
stabilizing the head and gaze (Woollacott
and Tang, 1997). As weight continues to
be shifted laterally, maintaining stability
requires arm movement in order to keep
the trunk mass within the base of support
(Shumway-Cook and Woollacott, 1995).
These studies suggest that arm movement
may be associated with step stabilization.
Our study found that stabilization time
was significantly different among the three
in the 15 cm and 25 cm

barrier condition, respectively. In the 25 cm

arm conditions

barrier, it was found that the three arm
conditions measured a longer stabilization
time than the
measured in the 15 cm barrier. Among the

three arm conditions
three arm conditions, both arm restriction

measured the longest stabilization time.
Dominant arm restriction was measured as
the next longest stabilization time.

Patla and Rietdyk (1993) reported that
the movement of the swing limb was
modulated according to the obstacle height,
but not the obstacle width, provided that
the goal of the person was to step over,
rather than around, the obstacle. This may
be a possible reason why arm movement
restriction may affect stabilization time in

barrier conditions.

-6.~
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Although this study was not clearly
identified, the results have important
implications for balance evaluation and

training in hemiplegia and upper extremity

amputee in the future.

Refererces

Aruin AS, Latash ML. Directional speci-
of in  feed-

forward postural reactions during fast

ficity postural muscles
voluntary arm movements. 1sxp Brain
Res. 1995,103(2).323-332.

Blaszczvk  JW, DL, Hansen PD.
Age-related differences 1n performance

Lowe

Move-
Acta

of stereotype arm movement:

ment and posture interaction.
Newobiol Exp 1997:57:49-57.

Chen 11-C, Schultz AB, Ashton-Miller JA,
et al. Stepping over obstacles: Dividing

of old

J Gerontol.

impairs performance
adults.

attention
more than voung
1996:51:M116-M122.

Cordo PJ, Nashner LM
postural adjustments
rapid arm movements. J Neuarophysiol.
1982;42:287-302.

Gantchev GN, Dimitrova DM. Anticipatory

of

associated  with

Properties

postural  adjustiments associated  with

arm movements during balancing on
unstable support surface. Int J Psycho-
physiol. 1996;22:117-122

Hellebrandt FA, Schode M, ML.
Methods the tonic neck
reflexes in normal human subjects. Am
J Phys Med. 1962;41°90-139.

Hogan N, Bizzi E, Mussa-lvaldi FA, et al.

motor behavior.

Carns

of  evoking

Controlhng multyomt
Exerc Sport Sc1 Rev. 1987:15:153- 190,

Keshner EA. Reflex, wvoluntary, and
mechanical  processes in  postural
stabilization. In! Duncan PW eds.

Balance. Proceedings of the American
Therapy Association Forum.
Va, APTA Pubhlcations,

Physical
Alexandraa,
1990:1-12.
MA,
Comparison

Lee SL, DE.
of ATNR presence and

Larson Vasque
developmental activities in 2-4 month
old VA, APTA,
Conference Proceedings, Jun, 1990.

MacKinnon CD, Winter DA Control
whole body balance in the frontal plane
during walking. J Biomech. 1993;26'633
-644

Nashner LM. Sensory, neuromuscular, and

infants. Alexandria,

of

biomechanical contributions to human
balance. In: Duncan PW eds. Balance.
Proceedings of the American Physical
Therapy Association Forum. Alexan
dria, Va, APTA Publications, 1990:1-12
LM, H.
dependent of
with
movements while walking. J Neuro-
physiol. 1986;55(6):1382-1394.

Patla AE. Age-related changes in visually

Nashner Forssberg Phase-

organization postural

adjustments  associated arm

guided  locomotion over  different
terrains:  Major issues. In'  Stelmach
GE, Homberg V, eds Amsterdam,

Kluwer Academic Publishers, 1993:261-
279,

Patla AE, Rietdvk S. Visual control of limh
trajectory over obstacles during loco-
motion: Effect of obstacle height and
width. Gail and Posture. 1993;1:45-60.

Shimba T of
gravily from force platform
Biomech 1984;17:53-60

center of
data )

An estimation



g HFE A8 A H5H 4B
KAUTPT Vol. 5 No. 4 1998.

Shumway-Cook A, Woollacott, M. Motor
Control: Theory and practical applica—-
tions. Baltimore, Williams & Wilkins,
1995:211-213.

Woollacott MH, Tang P. Balance control
during walking in older adult: Research
and 1its implications. Phys  Ther.
1997,77(6):646-660. '



