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ABSTRACT 

This study examines the difference of the center 
of gravity (CG) velocity during sit-to-stand (STS) 
movement between the elderly with and without 
fall experience. Fifteen elderly without fall ex- 
perience (age: 75.7 ± 4.8 yr), with one fall ex- 
perience (age: 75.7 ± 5.0 yr), and two or more fall 
experiences (age: 75.7 ± 4.8 yr) participated in 
the measurement of 10m maximal walking speed, 
functional reach, one-legged standing duration 
with vision, maximal isometric knee extension, 
hip flexion, ankle extension and toe flexion mus- 
cle strengths, fall risk assessment and ADL ques- 
tionnaire, and CG velocity during STS move- 
ment. No significant differences were found in 
muscle strength, walking and balance tests (F < 
2.7, p > 0.078). The group with two or more fall 
experiences was significantly higher than the 
other groups in the fall risk assessment, and 
lower than the group without fall experience in 
ADL (F = 8.5 and 6.1, p = 0.001 and 0.005). 
Meanwhile, significant differences were found in 
the maximal and mean CG velocity during STS 
movement among all groups. The group without 
fall experience was the greatest, and the group 
with fall experience was less than half (F = 9.0 
and 11.1, p = 0.001 and <0.001). In conclusion, 
CG velocity during STS movement has a closer 
relationship with fall risk than leg strength, and 
walking and balance tests. 
 
Keywords: Sit-to-Stand Movement; Physical 

Function; Fall 

1. INTRODUCTION 

Fall incidence rate in the elderly is approximately 30% 
in developed nations [1,2]. Approximately 20% elderly 
Japanese experience at least one fall annually [3-7]. Falls 
markedly decrease the degree of independence because 
they cause fractures and post-fall syndrome; they are a 
major cause of the elderly becoming bedridden and re- 
quiring nursing care. Approximately 10% elderly fall and 
experience fractures [8], thus increasing hospitalization 
and mortality rates in the elderly because of post-fall 
syndrome [9,10]. This trend is particularly significant in 
elderly aged ≥85 years [11]. Since 1987 to date, the num- 
ber of transcervical fractures has increased from 53,200 
to 117,900 [12]. Because the elderly population is pre- 
dicted to increase, the number of falls and serious fall 
injuries will probably increase; the number of elderly 
requiring nursing care or becoming bedridden will also 
increase. Therefore, fall prevention measures are impor- 
tant for maintaining and enhancing the quality of life and 
for preventing the requirement for nursing care or be- 
coming bedridden because of post-fall syndrome. 

The American Geriatric Society [13] guidelines for 
prevention of falls in older persons state that muscle 
weakness (4.4), fall history (3.0), gait deficit (2.9), bal- 
ance deficit (2.9), use of assistive devices (2.6), visual 
deficits (2.5), arthritis (2.4), impaired activities of daily 
living (ADL) (2.3), depression (2.2), cognitive impair- 
ment (1.8) and age >80 years (1.7) are factors closely 
related to increased fall risk in the elderly (odds ratios 
indicated in parentheses). Falling is a multiple risk factor 
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syndrome comprising internal (i.e., disease and physical 
function) and external (i.e., bump and slippery floor) 
factors. However, decrease in physical functioning, such 
as muscle weakness and gait and balance deficits, has a 
significant influence. Therefore, to prevent falls, ade- 
quate measurement and evaluation of physical function 
related to falling and maintaining proper physical func- 
tion are required. Several fall risk factors related to mus- 
cle strength and gait and balance functions have been 
reported; associated batteries of tests have been devel- 
oped. However, it may be useful to evaluate multiple risk 
factors simultaneously rather than separately because 
falling is a multiple risk-factor syndrome. Therefore, a 
more valid evaluation would include the relationships 
among multiple factors. 

The goal is to easily measure and evaluate physical 
functioning in the elderly using ADL and to present the 
results to the elderly in an understandable way. Physical 
function tests using daily life activities have been pro- 
posed, such as gait and walking up/down stairs. However, 
because the sit-to-stand (STS) movement precedes all 
daily life activities [14], the ability to perform a smooth 
and stable STS movement is indispensable for the elderly 
to maintain an independent life [15]. Therefore, the im- 
portance of evaluating the ability to achieve STS has 
been proposed and evaluation tests have been developed. 
STS is an upward movement that transfers the center of 
gravity [16,17]; it is divided into trunk flexion and trunk 
and knee extension phases. The former describes the 
phase between trunk flexion, with forward (horizontal) 
transfer of the center of gravity from the initiation of 
movement until the hip lifts from the seat. The latter de- 
scribes the phase between hip lift-off and a standing 
posture, with hips and both knee joints extended. A sta- 
ble STS movement requires a smooth transfer of the 
center of gravity, which differs between the former and 
latter phases. Leg strength and balance ability during the 
center of gravity transfer are vital. The physical functions 
cited above as fall risk factors are intricately involved in 
STS movement. Thus, physical functions closely related 
to falls may be evaluated by measuring STS movement. 

This study examined the velocity at which the center 
of gravity is transferred during STS movement in the 
elderly with and without fall experience. 

2. METHODS 

2.1. Subjects 

The purpose and significance of this study were ex- 
plained to all subjects in a community activity support 
project for preventing primary nursing care in the pri- 
mary prevention project for the elderly, which was or- 
ganized by the local government. Fifteen elderly subjects 
were divided into three groups: without (age, 75.7 ± 4.8 

years; height, 149.1 ± 5.8 cm; body mass, 53.0 ± 6.4 kg), 
with one (age, 75.7 ± 5.0 years; height, 149.2 ± 5.4 cm; 
body mass, 51.6 ± 8.4 kg; number of fall experiences, 1.0 
± 0.0/year), and with more than two fall experiences (age, 
75.7 ± 4.8 years; height, 149.5 ± 5.3 cm; body mass, 55.9 
± 6.3 kg, number of fall experiences, 2.2 ± 0.4/year). 
After considering the age and physical characteristics of 
the elderly, only subjects who gave their consent were 
selected. All subjects were living independently in a 
community dwelling. This study protocol was approved 
by the Ethics Committee on Human Experimentation of 
Faculty of Human Science, Kanazawa University (au-
thorization number: 2012-04). 

2.2. Materials and Measurement Methods 

2.2.1. Center of Gravity Transfer Velocity during 
STS Movement 

Figure 1 shows the experimental scheme. The center 
of gravity transfer velocity during STS movement was 
measured using FITRO Dyne Premium (FiTRONIC sro, 
Bratislava, Slovakia). This device measures the length of 
a pulled or returned cord from the bobbin, which works 
with a built-in rotary encoder. As shown in Figure 1, the 
subjects wore a belt around their waist. The cord was 
fixed at the left crista iliaca position on the belt, and the 
length of the pulled or returned cord was measured when 
each subject performed STS movement [18]. The center 
of gravity is located in the abdomen during a sitting pos- 
ture and is transferred from the abdomen to the lumbar 
spine during movement to stabilize the lumbar spine [19]. 
Crista iliaca transfer velocity measured by the time 
change of the pulled or returned cord length was as- 
sumed to reflect the center of gravity transfer velocity 
during STS movement. 

Subjects maintained a sitting posture, kept both legs a 
shoulder width apart with bare feet, stretched the trunk in 
a straight line, held a 90˚ ankle angle, and crossed their 
arms in front of their chest. STS movement was con- 

 

 

Figure 1. Experimental schema. 
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ducted as rapidly as possible from the above posture after 
the tester’s signal. A chair was adjusted to the knee 
height of each subject. Data were recorded every 1/100 s 
using a personal computer. 

2.2.2. Maximal Isometric Knee Extension, 
Hip Flexion, Ankle Extension and Toe 
Flexion Strength 

Maximum isometric knee extension and hip flexion 
strength was measured using a hand-held dynamometer 
(µ Tas F-1, Anima Co., Ltd.). Subjects were instructed to 
extend or flex with maximum effort from a sitting pos- 
ture with the knee or hip joint at 90˚. Maximum isomet- 
ric ankle extension strength was measured using an ankle 
extension muscle strength device (T.K.K. 3360; Takei 
Co., Ltd). Subjects were instructed to extend the ankle 
joint with maximum effort from a sitting posture with a 
fully extended knee joint and a 90˚ flexed ankle joint. 
Isometric toe flexion strength was measured using a toe 
flexion muscle strength device (T.K.K. 3362; Takei Co., 
Ltd.). Subjects were instructed to flex their toes with maxi- 
mum effort against a lever connected to a strain gauge.  

2.2.3. 10-Meter Maximal Walking Speed 
Walking speed was measured while walking 10-meter 

with maximum effort on a flat floor without obstacles. 
The subjects began walking 3-meter before the start line 
and walked 3-meter past the finish line, thus walking a 
total of 16 m. 

2.2.4. Functional Reach 
Functional reach was measured as outlined by Duncan 

et al. [20]. Each subject stood in line with a yardstick 
that was fixed on the wall at a dominant acromion height 
and adjusted to the tip of the middle finger of the do- 
minant hand at the starting point of the yardstick. Sub- 
sequently, a tester measured the distance up to which the 
subject could maximally extend their fingertip in an up- 
right posture.  

2.2.5. One-Legged Standing Duration with Vision 
One-legged standing duration with vision was mea- 

sured as outlined by the Ministry of Education, Culture, 
Sports, Science and Technology in Japan. The maximum 
duration that the subjects could stand on one leg with 
their hands on their waist was measured. The measure- 
ment ended when a lifted leg contacted the floor, the sup- 
porting leg moved, one or both hands left the waist, or on 
completion of 120 seconds from the start. 

2.2.6. ADL Questionnaire from the Ministry of 
Education, Culture, Sports, Science and 
Technology and the Fall Risk Assessment 
Questionnaire 

Before the above stated functional tests, subjects re- 

sponded to the ADL questionnaire of the Ministry of 
Education, Culture, Sports, Science, and Technology, 
and the fall risk assessment questionnaire [21]. The ADL 
questionnaire comprises 12 items regarding daily life ac- 
tivities such as STS, gait, obstacle avoidance, balance, 
and wearing/removing clothes. The fall risk assessment 
questionnaire comprises eight factors comprising 15 
items regarding gait and balance deficit, muscle weak- 
ness, fall risk due to disease and drugs, external factors 
related to a fall, watching/listening deficits, fear of fal- 
ling, and ADL limitations. The questionnaires were indi- 
vidually completed by the subjects in “yes” or “no” re- 
sponses. 

2.3. Procedure 

Upon entering the laboratory, subjects completed ADL 
and fall risk assessment questionnaires. Then, maximum 
isometric knee extension, hip flexion, ankle extension, 
and toe flexion strength; 10-meter maximum walking 
speed; functional reach; one-legged standing duration 
with vision; and center of gravity transfer velocity during 
STS movement were measured. All muscle strength tests 
were performed twice on the right and left legs, and suf- 
ficient rest was given between trials and items. All items 
except the questionnaires were measured twice with suf- 
ficient rest between trials. 

2.4. Parameters 

The total score of each ADL item and the number of 
high fall risk responses in the fall risk assessment ques- 
tionnaire were calculated for analysis. The mean of the 
maximum right/left leg strength trial was calculated for 
analysis. The higher value from the two trials was se- 
lected for analysis in the functional reach and 10-meter 
maximum walking speed. Maximum and mean center of 
gravity transfer velocities between the start and comple- 
tion of STS movement were selected with reference to a 
previous study [22], and a mean value from the two trials 
was used for analysis. 

2.5. Statistical Analysis 

Independent one-way analysis of variance (ANOVA) 
was used to examine the differences among the elderly 
without, with one, and with more than two experiences 
for all parameters selected in this study. Tukey’s hon- 
estly significant difference test was used as a post-hoc. A 
p value < 0.05 was considered statistically significant. 

3. RESULTS 

No significant differences in age, height, or body mass 
were observed among the groups (F < 1.40, p > 0.258). A 
significant difference in the number of fall experiences 
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was observed; subjects with more than two fall experien- 
ces were the maximum, whereas those without fall ex- 
perience were the minimum (F = 318.5, p < 0.05). Table 
1 shows the results of independent one-way ANOVA 
results for ADL and fall risk scores, maximum isometric 
knee extension, hip flexion, ankle extension, toe flexion 
strength, 10-meter maximum walking speed, functional 
reach, one-legged standing duration with vision tests, and 
maximum and mean center of gravity transfer velocity. 
No significant difference in maximum walking speed, 
functional reach, maximum isometric knee extension, hip 
flexion, ankle extension, and toe flexion strength was 
observed. A significant difference in ADL and fall risk 
scores was observed. In the former, the scores of the the 
group without fall experience were greater than those of  

the group with more than two fall experiences; in the 
latter, the scores of the group with more than two ex- 
periences were greater than those of the other groups. 
Significant differences in scores were observed among 
all groups. The group without fall experience had the 
maximum scores, while that with more than two fall ex- 
periences had the minimum scores. 

4. DISCUSSION 

Several factors contribute to the fall incidence rate, but 
decrease in function, such as muscle weakness, gait defi- 
cits, balance deficits, and impaired ADL, is one of the 
most significant contributors [13]. It has been suggested 
that physical functions in the elderly with fall experi-

 
Table 1. Functional indices, maximal and mean center of gravity transferring velocities of the subjects, without, with once and more 
than twice fall experience. 

More than twice Once No fall 

(M) (O) (N)  n 

15 15 15 

F p Post-hoc

Mean 1.6 1.6 1.7  
Maximal walking speed (cm/s) 

SD 0.4 0.3 0.2 
0.2 0.850 

 

Mean 30.4 29.9 30.2  
Functional reach (cm) 

SD 6.7 5.7 4.3 
0.0 0.963 

 

Mean 12.2 31.3 35.9  
One-legged standing duration with vision (sec) 

SD 11.4 38.0 40.8 
2.2 0.126 

 

Mean 6.2 7.2 8.0  
Maximal isometric knee extension strength (kg) 

SD 2.2 1.8 2.1 
2.7 0.078 

 

Mean 10.8 12.5 12.3  
Maximal isometric hip flexion strength (kg) 

SD 4.0 3.0 2.7 
1.2 0.322 

 

Mean 313.6 414.5 427.3  
Maximal isometric ankle extension strength (N) 

SD 166.7 185.6 118.7 
2.3 0.114 

 

Mean 3.4 4.6 4.3  
Maximal isometric toe flexion strength (kg) 

SD 1.6 2.3 2.0 
1.4 0.262 

 

Mean 5.4 3.5 2.7 
Fall risk score (point) 

SD 2.2 1.8 1.5 
8.5 0.001 M > O, N

Mean 21.5 25.0 27.1 
ADL score (point) 

SD 5.0 4.9 3.2 
6.1 0.005 N > M 

Mean 71.9 81.2 101.5 
Maximal center of gravity transferring velocity (cm/s) 

SD 28.6 13.3 11.9 
9.0 0.001 N > O > M

Mean 38.0 45.3 56.8 
Mean center of gravity transferring velocity (cm/s) 

SD 15.5 7.4 8.2 
11.1 < 0.001 N > O > M
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ences are inferior to those in the elderly without fall ex- 
perience; this impairment of physical function is evident 
in the elderly with more than two fall experiences. How- 
ever, the groups showed no significant difference in 
maximum isometric knee extension, hip flexion, ankle 
extension, toe flexion strength, 10-meter maximum walk- 
ing speed, functional reach, and one-legged standing 
duration with vision. Falling is considered to be a multi- 
ple risk factor syndrome related to many internal (i.e., 
disease and physical function) and external (i.e., bump 
and slippery floor) factors [23,24]. Although several fall 
risk factors have been outlined by the American Geriatric 
Society, falling rarely occurs because of a single factor. 
In most cases, multiple factors are involved simultane- 
ously, although their relative levels differ. Therefore, the 
greater the number of related risk factors, the higher the 
fall incidence rate. Therefore, no significant difference 
was observed among the three groups with different fall 
experiences in the results of separate parameters. 

A significant difference was observed among the three 
groups for ADL and fall risk scores. ADL scores for the 
group without fall experience were higher than those in 
the group with more than two fall experiences; the fall 
risk scores in the group with more than two fall experi- 
ences were higher than those in the other groups. ADL 
score measures the extent to which several daily living 
activities such as STS, gait, avoidance of obstacles and 
balance are performed. The fall risk score measures the 
increase in fall risk by disease, current medication de- 
pendency, a decrease in gait and balance abilities, muscle 
weakness, and external factors regarding the fall. In 
summary, both scores evaluate a plurality of factors si- 
multaneously. Because many factors were evaluated by 
ADL and fall risk scores and were different from pa- 
rameters such as 10-meter maximum walking speed, 
functional reach, and leg strength, they may have been 
able to discern the difference in fall experience more 
adequately. The first fall is often an accident. Moreover, 
elderly subjects with more than two fall experiences have 
markedly inferior physical functions than those without 
and with one fall experience [25,26]. Lord et al. [25] 
compared the physical functions between elderly sub- 
jects with and without fall experience and reported that 
visual function, sensory receptors, leg strength, reaction 
time, and balance functions were significantly inferior in 
elderly subjects with more than two fall experiences. 
Furthermore, Tucker et al. [26] and Lord et al. compared 
the Physiological Profile Assessment among three simi- 
lar groups and reported that hand reaction time and sway 
on form were inferior in the group with more than two 
fall experiences. These results cumulatively suggest that 
a physical function test for fall prevention is necessary to 
evaluate the difference between elderly subjects with 
more than two fall experiences and those with one or no 

fall experience. However, even ADL and fall risk as- 
sessment scores, which measure multiple factors, were 
not able to completely establish this difference. 

STS movement precedes ambulation and other basic 
ADL [14], and incorrectly performing this movement 
limits the independent life of the elderly [15]. We have 
indicated the importance of evaluating the ability to 
achieve STS movement and have thus developed an 
evaluation test [18,27-30]. STS movement is an upward 
transfer of the center of gravity movement [16,17] and is 
divided into trunk flexion and trunk and knee extension 
phases. The former describes the phase between trunk 
flexion with forward (horizontal) transfer of the center of 
gravity from the initiation of movement until the hip lifts 
from the chair and the latter describes the phase between 
hip lift-off and a standing posture, with hips and both 
knees in extension. To achieve quick and smooth STS 
movement, the elderly require a coordinated ability to 
connect with the center of gravity transfer, which moves 
between the first and second phases, along with leg 
strength and balance ability beyond a certain level. In 
other words, multiple physical functions regarding the 
fall risk factors need to act in unison. Therefore, a com- 
plete evaluation of physical function with regard to fall 
occurrence is possible by measuring the ability to achieve 
STS movement. All three groups showed significant dif- 
ferences in maximum and mean center of gravity transfer 
velocity during STS movement. The elderly subjects 
without fall experience were the fastest and those with 
more than two fall experiences were the slowest. There- 
fore, the center of gravity transfer velocity during STS 
movement was considered useful for evaluating the total 
physical function with regard to falling. 
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