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The effects of vision on sit-to-stand movement
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[Purpose] It is well known that vision is an important factor contributing to postural control. However,

there has been little discussion about the effect of vision on sit-to-stand movement. The purpose of this study was
to evaluate the effect of constrained vision on sit-to-stand movement. [Subjects and Methods] Twenty-three healthy
subjects (11 males, 12 females) aged 18-23 years with normal body mass indices were recruited for this study. Each
participant was asked to stand as quickly as possible from a height-adjustable chair 3 times under 2 conditions: with
eyes closed (EC) and eyes open (EO). The weight transfer time, rising index, and center of gravity sway velocity
were measured using a NeuroCom Balance Master. [Results] The results show there were significant differences
between the EC and EO conditions in the weight transfer time and the centre of gravity sway velocity. No signifi-
cant difference was found between the EC and EO conditions in the rising index. These findings suggest that visual
perception may play a role in balance control while performing sit-to-stand movement.
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INTRODUCTION

Sit-to-stand (STS) movement is a basic ability that is nec-
essary for functional movement and independent living!?.
An observational study revealed that free-living adults per-
form the STS movement approximately 60 times per day?.
As the ability to STS is a prerequisite for upright function
and mobility, the inability to execute this basic movement
leads to impairment of mobility-related functions and im-
paired quality of life*©),

STS movement is defined as a rapid transition from a
large base of support (BOS) in a stable position, to a smaller
BOS in a less stable position® 7> ®. There are two biome-
chanical alterations that occur during STS: a reduction in
BOS, and the movement of the center of mass (COM) in
the forward and upward directions® 7-9. A movement of the
COM that goes beyond the BOS may lead to imbalance and
falling'®.

During STS, the postural balance control system must be
continually updated to prevent falling. It is clear that three
types of sensory receptor—visual, vestibular, and somato-
sensory (proprioceptors and mechanoceptors)—play an
important role in sensorimotor integration during postural
balance control!'~!9. The central nervous system integrates
this sensory information to build an internal representation
of the body in the brain, and issues a motor signal to control
the COM in relation to the BOS'). Visual feedback is one
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of the major factors contributing to balance control. Chen et
al. showed that low vision and blindness among the elderly
increases postural sway more than is seen in the sighted
elderly!®. Comparing the three sensory systems (visual,
vestibular, and somatosensory), Grace Gaerlan et al. dem-
onstrated that the visual system is the main sensory system
used to maintain a standing posture'?. Therefore, we hy-
pothesized that the visual information may also play a role
in STS movement control. The objective of this study was to
investigate whether visual information influences the STS
performance of healthy young adults.

SUBJECTS AND METHODS

The subjects of this study were 23 healthy young adults
(11 males and 12 females), aged between 18-23 years (21.1
+ 1.1 years) with body mass indices (BMIs) between 18.5—
22.9 kg/m? (20.5 + 1.0 kg/m?) (Table 1). The inclusion cri-
teria were 1) an aged between 18-25 years; 2) a body mass
index (BMI) between 18.5-22.99 kg/m?; 3) normal visual
acuity and visual field; 4) normal hearing; 5) normal mus-
cle strength in both lower limbs; and 6) the ability to stand
on one leg > 30 seconds without falling. Exclusion criteria
were 1) a history of severe musculoskeletal problems; 2) a
history of back or leg surgery; 3) a history of neurologi-
cal diseases; or 4) a history of any arthropathy. All subjects
were informed about the procedure and purpose of this
study and gave their written informed consent prior to their
participation. This study was approved by the Ethics Re-
view Committee for Research Involving Human Research
Subjects, Health Science Group, Chulalongkorn University
(Project # 102.1/54).

All the participants performed STS 3 times under 2 con-
ditions: with the eyes closed (EC) and eyes open (EO). To
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Table 1. Characteristics of the participants

Mean SD Range
Age (years) 21.1 1.1 (18-23)
Weight (kg) 55.9 5.2 (48.6-70.0)
Height (cm) 165.1 59 (156-176)
BMI (kg/m?) 20.5 1.0 (18.5-22.9)
Gender

(male:female) 11:12

counterbalance order and fatigue effects, the participants
were randomly divided into 2 groups: 1) the OC group per-
formed the eyes-open test first, and 2) the CO group per-
formed the eyes-closed test first.

STS performance was measured using a Balance Mas-
ter (NeuroCom International, Inc., USA). The participants’
start position was standardized. Prior to the STS testing,
subjects’ leg lengths were measured: lower leg—the dis-
tance from the lateral epicondyle of the femur to the floor
with the participant barefoot in the standing position; and
upper leg—the distance from the greater trochanter of the
femur to the lateral knee joint line. The seat height was then
adjusted to 100% of the lower leg length. A dark ink mark
was made at 50% of the thigh length. Then the participant
was asked to sit, and the mark was aligned with the anterior
border of the seat'®). Both heels were placed 10 centime-
ters behind line perpendicular from the center of the knee
joint to the force plate!”. A mark on the ground was used
as a reference point for foot positioning. During STS, the
subjects were instructed to keep both arms crossed on the
thorax, sit steadily until hearing a buzzer sound or seeing a
“GO” visual signal, then stand as quickly as possible and
hold steady for five seconds. Prior to data collection, par-
ticipants performed practice trials until familiar with the
procedures. Each subject performed three trials under each
experimental condition (EO and EC). Three parameters
were measured'®: 1) the weight transfer time, or the length
of time between the initial prompt to move and the moment
when the center of gravity (COG) shifted to over the feet; 2)
the rising index, or the amount of force exerted by the legs
to decelerate forward motion of the upper body during the
rising phase; and 3) the COG sway velocity, or the mean
velocity of COG sway during the rise to stand and the first
five seconds during standing.

A counterbalanced repeated measures design was used
in this study. The weight transfer time, rising index, and
COG velocity were compared between the EO and EC con-
ditions using the paired sample t-test. All data are presented
as mean £ SD. Statistical significance accepted for values of
p < 0.05. Graphpad Prism version 6 for Windows (Graph-
pad Software, Inc., CA, USA) was used for the statistical
analysis.

RESULTS
The paired sample t-test demonstrated there was a sig-

nificant difference in the mean weight transfer time (p =
0.0019) between the EO (mean £ SD = 0.53 + 0.27 sec) and

Table 2. Variability in center of gravity kinematics under the two
experimental conditions: eyes open (EO) and eyes closed
(EC)

Three parameters were measured: 1) the weight trans-
fer time, or the length of time between the prompt to
move and the moment when the center of gravity (COG)
shifted to over the feet, expressed in seconds; 2) the
rising index, or the amount of force exerted by the legs
to decelerate forward motion of the upper body during
the rising phase, expressed as a percent of body weight;
and 3) COG sway velocity, or the mean velocity of COG
sway during the rise to stand and the first five seconds
during standing, expressed in degree per second

EO EC
Weight transfer time (sec) 0.53+0.27 0.40 + 0.20**
Rising Index (% body weight)  28.10+7.33  28.20 + 7.47
Sway velocity (degree/sec) 2.81 +1.36 3.59 £ 1.10**

** Significant difference from EO (p < 0.001).

EC conditions (mean = SD = 0.40 = 0.20 sec). No significant
difference was found in the mean rising index (p = 0.9437)
between the EO (mean + SD = 28.10 + 7.33%body weight)
and EC conditions (mean+ SD =28.20 + 7.47%body weight).
A significant difference was found in the mean COG sway
velocity (p = 0.0009) between the EO (mean + SD = 2.81
+ 1.36 degree/sec) and EC conditions (mean + SD = 3.59 +
1.10 degree/sec). All results are presented in Table 2.

DISCUSSION

This study investigated the effect of vision on STS per-
formance. A within-subject repeated measures design was
used to evaluate the differences between two experimental
conditions, EO and EC. Three STS parameters were ana-
lyzed: the weight transfer time, rising index, and COG sway
velocity.

The weight transfer time was defined as the length of
time between the prompt to move and the moment when
the COG shifted to over the feet. This parameter could be
described as a simple reaction time (only one stimuli and
one response). The weight transfer time from the seat to
the feet during STS typically happens very rapidly. A slow
weight transfer time diminishes a subject’s ability to utilize
momentum to move the body forward. In this study, the EC
condition showed a statistically significant decrease in the
weight transfer time compared to the EO condition. How-
ever, the results of this study are not supported by previous
studies which have reported there are no significant differ-
ence in STS time between the EO and EC conditions'® 29.
This result might be related to differences in neurobehavior-
al mechanisms between the EO and EC conditions. While
wakeful, awareness shifts between the “exteroceptive state
or focus on outside” when the eyes are open and the “in-
teroceptive state or focus on inside” when the eyes are
closed?">?2). Topological organization studies have revealed
that the EO condition activates attentional and oculomotor
systems, whereas the EC condition activates sensory cor-
texes (visual, auditory, and somatosensory cortexes)?!=23, It



has also been demonstrated that the synchronicity between
the visual, somatosensory, auditory, and motor systems
during EC is attenuated in EO?". In the EC condition of this
study, participants may have focused on the interoceptive
state and had quicker responses to the buzzer sound than
those in the EO condition. Another possible explanation is
that the simple reaction time responses to auditory signals
are quicker than those to visual signals®¥. Thus, the result
of this study may be due, in part, to the different types of
prompt used for the two experimental conditions: an audi-
tory signal for the EC condition versus a visual signal for
the EO condition.

After the COG has shifted to be over the feet, the upper
part of the body must decelerate to discontinue the forward
motion. Then, the leg should exert a pushing-down force
against the floor and lift the body to the standing position.
This force is measured and shown as the rising index. In
this study, there was no significant difference in the mean
rising index between the EO and EC conditions. This result
is aligned with Giagazoglou et al. who reported no differ-
ences in most isometric and concentric lower limb muscles’
strengths between blind and sighted participants?®. These
findings suggest that vision is not the major influence factor
on muscles’ ability to exert force.

Theoretically, the COG sway velocity throughout STS
should be minimized. In this study, the mean COG velocity
was greater in the EC condition than in the EO condition.
This result is consistent those of several previous studies. In
order to maintain balance, the central nervous system inte-
grates information about variations in static and dynamic
postures through several sensory inputs including those of
the visual, vestibular, and somatosensory senses'). Pertur-
bation of visual, vestibular, and proprioceptive information
induces inter-modality re-weighting!® 29, Among these
three sensory modalities, the visual system is predominant-
ly used to maintain a standing posture since constraining
vision induces higher postural sway during quiet stand-
ing!?. It has been reported that visual constraint increased
the postural sway of healthy subjects by 32%?27 and that
balance control significantly increased with visual feedback
training?® 29, suggesting that it is beneficial to use visual
input to maintain balance standing. Similarly, Giagazoglou
et al. showed that the COG sway in both the anteroposterior
and mediaolateral directions was greater in the EC con-
dition in sighted participants during normal quiet stance,
tandem stance, and one-leg stance. The same authors also
found that COG sway was greater in blind participants than
in sighted participants?>). An increase in postural sway may
increase the risk of falling3?.

In conclusion, this study has shown that constraint of vi-
sion increases postural sway and decreases weight trans-
fer time during the performance of STS by young adults.
A couple of limitations need to be noted. First, only young
adults were investigated. Thus, it will be necessary to eval-
uate the effects of vision on the STS in other populations,
including the elderly and people with neurological disorders
(e.g., stroke, cerebellar ataxia). This study only investigated
the COG movement parameter. Therefore, further study of
the segmental joint motions and muscle activities should be
considered.
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