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Abstract

Objective : It is difficult to precisely define trunk balance in standing position because postural
sway is controlled by the lower limbs. Therefore, we safely determined trunk balance in sitting
position using a new device.

Materials & Methods : Twenty-eight healthy elderly volunteers and Twenty-eight healthy
young volunteers were participated. Postural sway was measured while seated using a new bal-
ance device. The device inclines the seat to the right and left 0.6 Hz. A force plate underneath
a seat slanted to a maximum of 3° tracks the location of the center of pressure. We evaluated
locus length (LNG), locus length/second (LNG/TIME), enveloped area (ENV-AREA), root mean
square area (RMS-AREA) and locus length per unit area (LNG/AREA).

Result : Values for LNG, LNG/TIME, ENV-AREA, and RMS-AREA were significantly worse for
the elderly, compared with the young group (p<0.01). However, LNG/AREA did not significantly
differ between the two groups (p=0.0136).

Conclusion : LNG/AREA did not significantly differ between young and elderly participants
witch suggest that our device could precisely measure trunk balance without any influence of the
lower extremities. Trunk balance can be safely examined in elderly people with a new device.
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fractures occur as a result of falls in Japan”. Therefore,

Introduction e
body balance needs to be evaluated to identify risk fac-
Imbalance with aging is regarded as an important fac- tors of falls for elderly people.
tor that is associated with falls®. Falls in elderly people Evaluation of the ability for balance is often deter-
are the leading cause of fractures of the lower extremi- mined by using stabilometry, which is the objective study

ties and a decrease in quality of life. Elderly patients of body sway during quiet standing. Body sway increas-
who suffer from hip fracture easily become bedridden or es by aging in stabilometry”. However, measurement
die from systemic complications. More than 70% of hip of body sway in the standing position has a risk of falls in
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(32) Evaluation of dynamic trunk stability

the standing position®.

The sitting position is not associated with the standing
position regarding body sway in the front and back (a sag-
ittal plane) direction, but body sway in the sitting position
is similar to standing position in the medio-lateral (a cor-
onal plane) direction®. There is a decrease in ability for
medio-lateral balance in elderly people”. Furthermore,
a sideways fall onto the hip is known to be a clear risk
factor for hip fracture in elderly people®. Medio-lateral
balance needs to be evaluated to identify risk factors of
falls for elderly people.

We manufactured a new device which inclines a seat to
the right and left in the coronal plane while tracking the Fig. 1. A novel balance device.
center of pressure (CoP). In this study, we safely mea-
sured dynamic trunk balance in seated elderly and young
people using a new device.

Methods

Subjects

A total of 28 healthy elderly volunteers (mean age,
76+5 years) and 28 healthy young volunteers (mean age,
28+8 years) participated in this study (Table 1). No
participants displayed any neurogenic or vestibular or
visual disorder known to impair balance. They did not
have a history of falls in the past years. A full explana-
tion was given to the patients before taking part in this
study and informed consent was obtained.

Protocol

Postural sway was measured while being seated using
a new balance device (Fig. 1) that we recently manufac-
tured in-house. The new device has a speed control
motor (BHM62MT-G2) for driving with an AC electro-

Table 1.  Participants background data

Young group  Elderly group

Number.of participants 28 28 Fig. 2. Participant positioned on the new device dur-
Age (year) 28+8 (15-44) 765 (70-85) ing measurements. They didn’t touch the floor with
Gender (M : F) 16:12 12:16 their feet.

Height (cm) 165.2+8.8 158.5+9.5

Wight (kg) 62.2+14.7 55.7+9.2

Values represent mean = Standerd Deviation
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Table 2. Definition of parameters

LNG (mm)
LNG/TIME (mm/s)
ENV-AREA (mm?)
RMS-AREA (mm?)
LNG/AREA (mm/mm?)

Total distance taraveled by the CoP

Total distance taraveled by the CoP divided by time indicating sway speed

Total area envelope by the track of the CoP indicating the spatial spread of the swaying

Root mean square area is the root of the quotient of the sum of the squares of the distances of the samples
Locus length per unit area indicating fine control of standing posture by proprioceptive reflexes

LNG : locus length, LNG/TIME : timed track length, ENV-AREA : enveloped area, RMS-AREA : root mean square
area, LNG/AREA : locus length per unit area, CoP : center of pressure

magnetic brake (Oriental Motor Co., Ltd. Tokyo, Japan)
for surfaces with a slant. We used three triaxial force
sensors (USL06-H5, Tec Gihan Co. Kyoto, Japan) for
measurement of the reaction force. These sensors are
placed in the shape of an isosceles triangle under the
bearing surface. A bearing surface slanted to a maxi-
mum of 3° tracks the location of the center of pressure
(CoP) of a seated person. The device inclines the seat
to the right and left six times for 10 seconds each (0.6
Hz). The height of the weight-bearing surface is adjust-
able so that the participants cannot touch the floor with
their feet.

lower extremities.

This avoids balance being affected by the
The participants kept their arms
crossed to avoid protective reactions of the upper ex-
tremity and their gaze fixed upon a point 2 m ahead. We
then measured CoP for 30 seconds (Fig. 2). We mea-
sured sitting balance three times each, and we used data
from the last measurement to exclude accidental motility
because of inexperience.

We evaluated the locus of CoP, locus length (LNG), lo-
cus length per second (LNG/TIME), enveloped area
(ENV-AREA), root mean square area (RMS-AREA), and
locus length per unit area (LNG/AREA) (Table
2). These parameters are used by platform stabilome-
try9,10).

Differences in these parameters between young and
elderly subjects were compared using the Mann-Whitney
test. All of the data were analyzed using SPSS version
19.0 for Windows (SPSS Inc, Chicago, IL, USA).
cance thresholds were set at 0.01.

Signifi-

Results

LNG in the young group was significantly shorter than
that in the elderly group (1011.8 mm versus 1,466.0 mm,

$<0.0001 ; Fig. 3).
significantly faster than that in the elderly group (33.7
mmy/s versus 48.9 mm/s, p<0.0001 ; Fig. 3). ENV-AR-
EA and RMS-AREA in the young group were significant-

LNG/TIME in the young group was

ly smaller than those in the elderly group (333.0 mm?
versus 561.4 mm?, p<0.0001 ; Fig. 3) (234.9 mm® versus
426.2 mm?, p<0.01; Fig. 3).
differences between young group and elderly group in
LNG/AREA (3.7 mm/mm? versus 2.6 mm/mm?, p=
0.0136 ; Fig. 3). The mean values for LNG, LNG/
TIME, REC-AREA, ENV-AREA, and RMS-AREA were
significantly worse for the elderly group compared with

There were no significant

the young group. However mean values for LNG/AREA
were not significantly different between the two groups.

Complications, such as falls from the device, did not
occur during the examination.

Discussion

Trunk stability plays an important role in maintaining

spinal posture and fall. Lumbar kyphosis affects postur-

11)

al balance and represents a risk factor for falls'’. Lum-

bar kyphosis, spinal inclination, mobility of the lumbar

spine, and mobility of spinal inclination are significantly

12)

associated with falls in elderly individuals'®. Back ex-

tensor strength is significantly associated with lumbar
lordosis, indicating the potential importance of strength-
ening the back extensor for improving or maintaining

)

lumbar lordosis™. Trunk stability seems to contribute

to the fall risk. There are many clinical assessment

14,15)

tools of balance However, trunk stability has few

quantitative evaluation tools'®'?.
Balance control has four underlying factors ; standing
balance, ability to withstand perturbations, leaning bal-

ance with a stationary base of support and dynamic bal-
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Fig. 3. Comparison of variables between young and elderly.
N.S: Not significant.

not significantly different between the two groups.

Most of
falls are due to sudden disturbance such as slip and trip”.

ance with movement of the base of support™.

Therefore, dynamic balance evaluation and ability to re-
sponse for perturbations are required to identify fall risk.

The new sitting balance device was able to safely and
precisely measure dynamic trunk balance in the medio-
lateral direction without any influence of the lower ex-
tremities. Considering the results of current study, lo-
cus length per unit area reflects minute postural
adjustments controlled by the spinal proprioceptive reflex

of the lower extremities®”.

Our sitting balance device
could precisely measure trunk balance without any influ-
ence from the lower extremities, which may explains
why LNG/AREA did not significantly differ between
young and elderly participants. These findings indicate

that dynamic trunk balance can be safely examined in el-

40 %345

The locus length per unit area (LNG/AREA) was

derly people with a new device.

The association between dynamic trunk balance and
fall risk assessment should be evaluated with tests, such
as the Functional Reach Test?” and Timed Up and Go
Test?, widely used in the clinical setting. In addition,
the relationship between trunk balance function and

walking ability in elderly people should be evaluated.

References

1) Ganz, D.A,, Bao, Y., Shekelle, PG. and Rubenstein,
L.Z. (2007) Will my patient fall ? JAMA., 297,
77-86.

2) Japanese Orthopaedic Surgical Society. (2000)

Report on the japanese orthopaedic association com-

mittee on osteoporosis. J. Jpn. Orthop. Assoc., 74,

— 160 —



Akita University

3)

4)

5)

6)

7

3)

9)

10)

11)

12)

k

373.

Imaoka, K., Murase, H. and Fukuhara, M. (1997)
Collection of Data for Healthy Subjects in Stabilome-
try.  Equilibrium. Res., 56, 1-84.

Uchiyama, Y. (2001) Equilibrium Function and Falls
in the Elderly. J. Phys. Ther, 18, 858-864.

Chen, C.L., Yeung, K.T., Bih, L.I., Wang, C.H., Chen,
M.I. and Chien, J.C. (2003)
between sitting stability and functional performance
Arch. Phys. Med. Reha-

The relationship

in patients with paraplegia.
bil., 84, 1276-1281.
Genthon, N. and Rougier, P. (2006) Does the capac-
ity to appropriately stabilize trunk movements facili-
tate the control of upright standing ?  Motor. Control.,
10, 232-243.

Schrager, M.A., Kelly, VE., Price, R., Ferrucci, L. and
Shumway-Cook, A. (2008) The effects of age on
medio-lateral stability during normal and narrow
base walking. Gait. Posture., 28, 466-471.
Greenspan, S.L., Myers, E.R., Maitland, L.A., Resn-
ick, N.M. and Hayes, W.C. (1994) Fall severity and
bone mineral density as risk factors for hip fracture
in ambulatory elderly. JAMA., 271, 128-133.
Kapteyn, T.S., Bles, W., Njiokiktjien, C.J., Kodde, L.,
Massen, C.H. and Mol, J.M. (1983) Standardization
in platform stabilometry being a part of posturogra-
phy. Agressologie., 24, 321-326.

Japan Society for Equilibrium Research. (1983) A
standard of stabilometry. FEquilibrium. Res., 42,
367-369.

Ishikawa, Y., Miyakoshi, N., Kasukawa, Y., Hongo, M.
and Shimada, Y. (2009) Spinal curvature and pos-
tural balance in patients with osteoporosis. Osteo-
poros. Int., 20, 2049-2053.

Kasukawa, Y., Miyakoshi, N., Hongo, M., Ishikawa, Y.,
Noguchi, H., Kamo, K., Sasaki, H., Murata, K. and
Shimada, Y. (2010) Relationships between falls, spi-
nal curvature, spinal mobility and back extensor
strength in elderly people. J. Bone Miner Metab.,
28, 82-87.

H KB %

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

— 161 —

(35)

Hongo, M., Miyakoshi, N., Shimada, Y. and Sinaki, M.
(2012) Association of spinal curve deformity and
back extensor strength in elderly women with osteo-
porosis in Japan and the United States. Osteoporos.
Int., 23, 1029-1034.

Horak, EB. (1997) Clinical assessment of balance
disorders. Gait. Posture., 6, 76-84.

Tyson, S. and Connell, L.A. (2009) How to measure
balance in clinical practice. A systematic review of
the psychometrics and clinical utility of measures of
balance activity for neurological conditions. Clin.
Rehabil., 23, 824-840.

Franchignoni, EP, Tesio, L., Tesio, L., Ricupero, C.,
and Martino, M.T. (1997) Trunk control test as an
early predictor of stroke rehabilitation outcome.
Stroke, 28, 1382-1385.

Verheyden, G., Nieuwboer, A., Mertin, J., Preger, R.,
Kiekens, C. and De Weerdt, W. (2004) The Trunk
Impairment Scale : a new tool to measure motor
impairment of the trunk after stroke. Clin. Reha-
bil., 18, 326-333.

Shimada, H., Uchiyama, Y., Harada, K., Obuchi, S.,
Stephen, L. and Suzuki, T. (2006)
Factors of Commonly Used Clinical Balance
Assessments. Phys. Ther. Jpn., 33, 283-288.
Gabell, A., Simons, M.A. and Nayak, U.S. (1985)
Falls in the healthy elderly : predisposing causes.
Ergonomics., 28, 965-975.

Okawa, T., Shibata, Y., Ogawa, Y.

Underlying

and Miyata, H.

(1995) Stabilometry — Significance of Locus
Length Per Unit Area (L/A) —. Equilibrium. Res.,
54, 235-306.

Duncan, PW,, Weiner, D.K., Chandler, J. and Studen-
ski, S. (1990) Functional reach : a new clinical
measure of balance. J. Gerontol., 45, M192-197.
Podsiadlo, D. and Richardson, S. (1991) The timed
“Up & Go” : a test of basic functional mobility for
frail elderly persons. J. Am. Geriatr. Soc., 39, 142-
148.





