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The relationship between the exercise tolerance and trunk posture
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< Abstract >

[Purpose] This study was conducted to determine the relationship between the exercise tolerance and
trunk posture. [Subjects and Methods] Twelve healthy males participated in the study. Exercise tolerance
was measured using a cycle ergometer cardiopulmonary exercise tests in two postures, upright and slumped.
Respiratory function tests and maximum inspiratory and expiratory pressure (MIP and MEP) were
measured in each posture. [Results] The forced vital capacity and forced expiratory volume in one second
decreased significantly in the slumped posture. The MIP and MEP did not vary significantly. The VO, max
and anaerobic threshold (AT) point were not different significantly, but the duration of exercise was shorter
in the slumped posture. The Borg scale (used to quantify the perception of dyspnea and lower limbs muscle
fatigue, at rest and during exercise) and respiratory rate were increased significantly with the slumped
posture. [Conclusion] Postural changes were noted to affect the duration of exercise, but the VO, max and
AT point remained unaffected in healthy people. Modification of posture might help prolong the duration of

exercise, by improving respiratory function and by reducing the unnecessary muscle activity.
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1. INTRODUCTION

Office work is sedentary work, which mainly involves computer use, participation in meetings, giving
presentations, reading, and phoning. Thus, office workers are usually required to sit for long hours in front
of a computer (Janwantanakul P, 2008). Poor back muscle endurance was an independent predictor of low
back pain (LBP) in a working population (Ayanniyi O, 2010). Occupational groups exposed to poor
postures (lordosed or kyphosed, or slumped) while sitting have a considerably increased risk of
experiencing LBP and neck pain (Juul-Kristensen, 2004). Besides, Waongenngarm P et al (2016) reported
the adverse effect of prolonged sitting in the slumped posture on the internal oblique/transversus
abdominis muscle may predispose the lumbar spine to injury, leading to the development of LBP.

The body position can influence respiratory (Appel M, 1986; Manning F, 1999). Changes in body
position can alter the length of respiratory muscle, namely the diaphragm, thereby influencing its ability to
generate tension (Chiu TT, 2002). In addition, the kyphosis posture was reported to be associated with
ventilator dysfunction, diminished daily physical function, impaired quality of life, and increased
mortality (Costa R, 2015). In addition, some studies reported that a slumped, poor posture significantly
reduces lung capacity, expiratory flow, and lumbar lordosis compared with normal upright posture
(Miyakoshi N, 2003). Han J (2016) reported that the forward head posture represents an abnormal posture
and this posture can increase the trunk’s internal pressure during expiration, therefore, it may increase
dynamic mechanism. An exaggeration of thoracic kyphosis noted with advancing age restricts adequate
chest expansion and produces respiratory muscle weakness, thereby diminishing lung capacity and the
size of the thoracic cavity, as well as adversely affecting vertebral column alignment (Balzini L, 2003).
Some studies report that thoracic kyphosis impacts respiratory function (forced vital capacity: FVC,
forced expiratory volume in one second: FEV1) and respiratory muscle function (Balzini L, 2003).
However, the effects of the increase in thoracic kyphosis on exercise tolerance are not clearly documented.
Therefore, the purpose of this study was to determine the relationship between the exercise tolerance and

trunk posture.

2. SUBJECTS AND METHODS

Twelve healthy males meeting the following criteria participated in the study: They were an average
age of 24.1 = 1.5 years, height of 175.0 £ 4.2 cm, weight of 66.5 = 5.4 kg, nonsmokers, and having no
cardiopulmonary and lower extremity problems. All subjects were informed about the study protocols and
written consent was obtained from all participants. This study met the institutional ethical guidelines for
human experimentation as per the Declaration of Helsinki.

The participants were measured the exercise tolerance (AT point and VO max) with the
cardiopulmonary exercise (CPX) test using the cycle ergometer (AEROBIKE 75XLIII, Combi Wellness
Co., Tokyo, Japan) and respiratory metabolism measurement device (VO2000, S&ME Inc., Tokyo,



Japan) in two postures; upright posture and slumped posture. The CPX test findings corresponding to
each posture were carried out in another day and the order of posture was at random. Spherical reflective
markers of 2 cm in diameter were attached to the following sites: the subject’s right ear, the right
acromion, the right greater trochanter, the seventh cervical spinous process (C7), the seventh thoracic
spinous process (Th7), the eighth thoracic spinous process (Th8), the first lumbar spinous process (L1),
the anterior superior iliac spine (ASIS), and the posterior superior iliac spine (PSIS). This was done to
define and quantify each posture. The upright sitting posture was defined as a straight thoracolumbar
spine, and a neutral pelvic tilt with the ear marker, the acromion, and the greater trochanter all positioned
in line in the sagittal plane. A slumped sitting posture was defined as maximum thoracic flexion and
posterior pelvic tilt. The upright and slumped postures with a sitting ergometer were photographed by a
digital camera (EX-FC100, Casio Computer CO., Ltd., Tokyo, Japan) from the side before conducting the
CPX test, and we quantified the thoracic flexion angle and the angle of the anterior pelvic tilt using image
processing and analysis software (Image J, U.S. National Institutes of Health, Bethesda, Maryland, USA).
The thoracic flexion angle was calculated as the angle between 2 lines (a line connecting C7 to Th7; and a
line connecting Th8 to L1). The anterior pelvic tilt angle was calculated as the angle between the ground
and a horizontal line connecting the ASIS and PSIS.

The saddle height of the cycle ergometer was set according to the subject’s specifications; with one
pedal at the 6 o'clock position and the knee slightly bent to 25-30 degrees. The CPX test protocols were as
follows: 1) stay at rest for 3 minutes, 2) warm up for 3 minutes with no load, 3) ramp load at 20 W/min
until the limit (maximum Borg scale or pedal speed < 60 rpm) is reached, 4) cool down for 3 minutes with
no load. During the course of CPX test, dyspnea and lower limbs fatigue was measured using Borg scale
in each one minute. Moreover, the examiner checked and corrected the subject’s posture to prevent
postural changes, if any.

Respiratory function tests were carried out prior to the CPX test and maximum inspiratory and
expiratory pressure (MIP and MEP) pre and post CPX test were measured. The respiratory function tests
were repeated thrice using an electronic spirometer (SP-370COPD, FUKUDA DENSHI, Tokyo, Japan),
and the mean of the three values was calculated. The calculated parameters were FVC, FEV1, FEV1%
(FEV1/FVC). The MIP and MEP were measured in terms of respiratory muscle strength using a mouth
pressure meter (MicroPRM, SNIP, MED-ELECTRONICS, Nederland) once each. To determine the MIP,
subjects were asked to exhale slowly to obtain a residual volume and then to inhale as forcefully as they
could and to sustain the pressure for at least two seconds. To measure the MEP, subjects were instructed to
inhale slowly to obtain a total lung capacity and then to exhale as forcibly as they could and to sustain the
pressure for at least two seconds. Further, Respiratory muscle fatigue was calculated using the formula:
rate of change (%) = [(post- CPX test value) - (pre- CPX test value)] / (pre- CPX test value) x 100.

Statistical analysis was performed using SPSS version 21.0. The normality of data distribution was



tested with the Shapiro—Wilk test. The Wilcoxon signed-ranks test compared the differences between the
two postures to a significant level of 5 %.

3. RESULTS

The thoracic flexion angle and anterior pelvic tilt angle were significantly different between the upright
and slumped posture (p<0.001) (Table 1). The FVC and the FEV1 decreased significantly in the slumped
posture (p<0.05) though the FEV1%, MIP, and MEP did not show a significant difference (Table 1). The
AT point and VO2max were not significantly different between the two postures. However, VOs2 max
time in the slumped posture was significantly shortened more than in the upright posture (p<0.05) (Table
2). The Borg scale (dyspnea and lower limbs fatigue) and respiratory rate was significantly different
between the upright and slumped posture (p<0.05) (Table 3).

Table 1 The comparison of the postural characteristics, respiratory function, and

respiratory muscle strength between two postures.

Upright Slumped

Postural characteristics

Thoracic flexion angle () 14.6+42 428+38

Pelvic anterior tilt angle (°) 92+15 -19.9+42°
Respiratory function

FVC (L) 48+0.7 44+0.6"

FEVI (L) 4.0+0.6 3.6+0.8

FEV1% (%) 83.9+4.0 82.0+13.5
Respiratory muscle strength

MIP (cmH,0) 89.8 £20.4 76.5+£229

MEP (cmH,0) 108.9+20.3 99.2+£254

Data are means = standard deviation. ‘p<0.001, significant differences. 'p< 0.03, significant differences.
FVC: forced vital capacity. FEV1: forced expiratory volume in one second. FEV1%: FEV1/FVC.

MIP: maximum inspiratory pressure. MEP: maximum expiratory pressure.



Table 2 The comparison of the results of CPX test between two postures.

Upright Slumped

AT point (ml/kg/min) 204+49 23.0+7.1
VO, max (ml/kg/min) 41.6+55 432+103
AT point time (sec) 663.0 £ 60.5 637.4+76.5
VO, max time (sec) 950.1 +47.5 882.3+57.8
Heart rate at start of CPX test (bpm) 78.8+74 773+£8.7
Heart rate at finish of CPX test (bpm) 181.5+£59 177.6 £11.1
MIP fatigue (%) 8.1+12.6 724129
MEP fatigue (%) 43+17.8 72+16.8
The reason of finishing the CPX test

Maximum dyspnea 3 people 1 people

Reduction of pedal speed (< 60rpm) 9 people 11 people

Data are means + standard deviation. "p<0.05, significant difference. CPX test: cardiopulmonary

exercise test. VO, max: Oxygen uptake maximal. AT point: Anaerobic threshold point. MIP: maximum
inspiratory pressure. MEP: maximum expiratory pressure. MIP/MEP fatigue = rate of change (%) =
[(post- CPX test value) - (pre- CPX test value)] / (pre- CPX test value) x 100.

Table 3 The comparison of the respiratory rate and Borg scale during the CPX test between two postures.

Respiratory rate Borg scale
Time
(breaths/min) Dyspnea Lower limb fatigue
Upright Slumped Upright Slumped Upright Slumped
Pre 142+49 157+3.5 7(7) 7(7) 7(7) 7(7)
7min  209+57  21.8+53 7(7-9) 7(7-11) 7(7-9) 8(7-9)
8min  21.7+45 250+4.7 8(7-9) 9(7-11) 9(7-10) 9 (8-11)
9min 223+48 258450 9(9-10) 11 (9-11) 10 (8-11) 11 (9-12)"
10min 23.5+45 243+72 11 (9-11) 12 (11-12)" 12 (10-12) 13 (12-13)°
Illmin 234+£46  26.6+6.8 12 (11-12) 13 (12-14)" 13 (12-13) 13 (13-14)°
12min  248+64  287+77 13 (13) 13 (13-14)° 14 (13-15) 15 (14-15)°
13min 283+56  31.6+9.6 15 (13-15) 15 (14-15) 15 (14-16) 16 (16-17)°
14min  304+63  36.6+9.0 16 (15-16) 16 (15-17) 16 (15-17) 18 (17-18)
15min = 334+56 38.0+7.0 17 (16-18) 17 (17-18) 18 (17-19) 19 (18-19)
l6min 37.6+78  40.5+6.4 17 (17-18) 18 (17) 18 (18-19) 18 (17)
17min  36.0£0.0 - 18 (18) - 18 (18) -



18min  36.0+0.0 - 19 (19) - 19 (19) -

Respiratory rate data are means + standard deviation. Borg scale data are median (25-75%). p<0.05,
significant differences. The protocol of the CPX test: 1 — 3 min: rest; 4 — 6 min: warming up with no load;

7 min-: ramp load at 20W/min.

4. DISCUSSION

This study was performed to determine the relationship between the exercise tolerance and trunk
posture. It was noted that differences in posture influenced respiratory function in terms of FVC and
FEV1. Both these respiratory function parameters showed a decrease in the slumped posture. Respiration
is an activity influenced by complex biomechanical factors, and stability of the cervical and thoracic spine
is vital for to smooth respiratory function (Han J, 2016). Lee (2010) reported that thoracolumbar
extension and a slumped posture brings about changes in thoracic, lumbar, and pelvic angles in the
sagittal plane compared to the references posture and thereby induce changes in the diameter of the chest
wall in all planes. The thoracic kyphosis, which causes the consequent changes in the rib cage, lead to
decreased lung capacity (Tobin MJ, 1988). In our study, the angle of thoracic kyphosis in the slumped
posture increased more than that in the upright posture. It was seen that due to a slumped posture, the
movements of the thorax were reduced along with shortened length of the abdominal muscles, which led
to lesser internal abdominal pressure based on the length-tension relationship. Owing to this, the FVC and
FEV1 were decreased in the slumped posture. The respiratory muscle strength (MIP and MEP) remained
unaffected due to variation in posture. These results indicate that a temporary change in posture hardly
influences the strength of respiratory muscles.

There were no significant differences detected in VO: max and AT point between the two postures.
However, VO2 max times in the slumped posture was significantly shortened than that in the upright
posture due to reduction of pedal speed. Moreover, in the slumped posture during the CPX test, dyspnea,
lower limb muscles fatigue, and the respiratory rate were increased more than in the upright posture. Given
the decrease in FVC, it was thought that tidal volume during the CPX test was also decreased in the
slumped posture, and that might have led to an increase in the respiratory rate. The associated dynamic
hyperinflation shortens the diaphragm clearly a disadvantage based on the length-tension curve. Moreover,
the zone of apposition is reduced and this impairs the optimal inspiratory action of the muscle (Vaz G,
2002). Additionally, the increased fatigue in lower limb muscles was thought to be another contributor to
the increased respiratory rate in the slumped posture. Lower limb muscle fatigue generates greater
quantities of lactic acid, and the subsequent low pH leads to hyperventilation and an increase in respiratory
rate. The pelvis has several muscle attachments that control the movements of the hip joint and the

lumbosacral region. Therefore, pelvic position is the most important factor in determining the sagittal



alignment and posture of the body (Betsch M, 2012). The pelvis has a bilaterally symmetric structure, and
because it influences postural control, efforts need to be directed to correct unilateral imbalance and
asymmetry to effectively maintain the center of gravity (Sugiura H, 2009). Furthermore, the abdominal
muscle group, a major expiratory muscle component, is instrumental in maintaining a stable posture and
controlling ventilation (Callaghan JP, 2002). A reduction in the electromyography (EMG) activity of trunk
muscles in a slumped sitting posture has been reported consistently in literature (Miura T, 2013). For these
reasons, in a slumped posture, the muscles surrounding the trunk and pelvis are in a state of the
“switch-off”’. Therefore, turning the pedal is accompanied by greater energy consumption and accelerated
fatigue in the lower limb muscles, e.g., quadriceps. It was noted that in the CPX test, the load on the
respiratory muscles was not increased, judging from MIP and MEP fatigue (Table 2). These effects seen on
the respiratory muscles were temporary in this study. That is Lin F (2006) reported the young healthy
participants with abnormally positioned diaphragm, a slumped sitting posture results in increased
intra-abdominal pressure by approximating the ribs to the pelvis. This makes it difficult for the diaphragm
to descend caudally during inspiration. On the other hand, adults sitting upright posture what to prevent a
neck pain, low back pain and respiratory dysfunction.

In conclusion, this study revealed that the postural changes affected the duration of exercise but not \%
Oz max and AT point in the healthy people. An alternation in posture might achieve a prolongation in the
duration of exercise by bettering respiratory function and reducing the load on muscles. However, this
study has several limitations: The abnormal posture studied was only a slumped posture; the subjects
investigated were healthy volunteers and not those suffering from respiratory diseases with altered
respiratory function; and EMG and muscle activity were not measured. To overcome these drawbacks, a
future study would require conducting the test in musculoskeletal disease and respiratory disease patients,

as well as recording an EMG
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The influence of skin stimulation on the reach movement
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< Abstract >

Purpose: Sensory is important to decide our movements. Through these interaction, we can
perform the appropriate movement. This study, we focused on skin sensation among other sense,
and investigated the influence for the position sense of joint and reach movement by using elastic
tape. Methods: The subjects were 15 healthy females. Skin stimulation by using the elastic tape
applied to the central of upper arm. Participants were assessed under 5 different conditions which
were interchanged combinations of different sizes (small, big) and different directions to extend
(vertical and transverse), and no taping. The subjects performed the grading test which flex elbow
in 60 degrees and reach movement with eyes closed. Calculated the coefficient of variation and
errors of the grading test. Then, the final target and absolute values error and coefficient of
variation from the critical line during the reach movement. Results: There were no significant
difference between conditions in both the grading test and reaching movements. However,
coefficient of variation was smaller in applied tape condition compared with no tapping.
Conclusion: The possibility that movement repeatability improved by skin stimulation was shown.
From this, we suppose the sense information from skin is useful for process to control the

movement.
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EROMEEL, EESEZFRE L, #hsmae X, Riymz Y ER Lz (K3),
£z, BEMEEZBRET 272010, RMEEER & RERD) D O R R OVEIE O BB iR E H
MLz,

T
I B i3 5 oD BB

A - BV OFEERL B - JRHER)N b R RCEE A E T O RRREER
C - TR R A& B R D PEAR T 5 5

X3 BB —FEMEDIT 1A
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FREAUCHIT D RIEONMEORH TIX, Y —F@EICRT 2R5EAE TORBEZ
20% Z & IZXEIY, 0% (BRAGEAD), 20%, 40%, 60%, 80%, 100% (Bl @ 6 KER
ZARATIXR & U TR 72, BEfEST Y 7 b Imaged Z VY, &FRFRICHIT D BMG A & Bz
RAERESEM (LT, EER) LR oA REE L (M4, 512, 10 Hi#D K
L OFEBMEEZ MG+ 572010, SRSICE T 2R RO EOLEBR k&2 F i Lz,

4 U —FIXMH &R H
A-RREDO Y —F XM B - KMk O BEEBR D D O FR#ED

3. 3 MURMERIMEAT

R FEROMEATIC X, IBM SPSS Statistics ver.21 for Windows i i U7z, i B &I ith
EENCB T D ERBEEMERT OMITT, EEAEL MO L—TF 4 7T A M THRH
SN AE DL % Shapiro-Wilk fiEZ 1T\, D& 5 t REIC THRET L7z, £/,

BED T L—TF 4 7T A NSO K LRITOFHMEO ERIL, £3R1T7 TH L IIEA
FENOHEAEZM U EANEAEL L, MEEDOHSELRAEL ER L, —ThE D
SNt E W TRIER O AT > 7o, B —FBifEIL, SR ORBEOMME, KD —
FEMEIZIB T DR BOIBNR . BB E ORE ONLE % 5 DO &k CHuliiat L
7zo HHURORIEOMEIZ OV TIEL, 10 BV K L OZEREZ RFEME LTHY, IE
BUEZ TS L 72D B — Sl & /3 B AT IS TIRET L7z, AEUKHEIL 5% & LTz,

4. FER

4. 1 JFBIENEEESC BT D EREBEEINE RIZ oW T

B R EES O 7 L —F 4 7T A MBI S 3 EORITOEEMEEF 1 ITRT,
It I i B O S £ FE 13 T — 7 LRI 69.35+6.91°, HitT — 7 D51 66.68+6.79°, it
T — 7 @5 66.59+7.16°, {#ithiT — 7 O5A: 67.69+5.92°, #thET — 7 @%M
67.97+4.81°TH 1, TR TOLRMITBVWTHEREAE LY bABEICKREho T2, IR
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T RTORITTHERT — 7 ORMEDP R B/NSWEZ &L 2BMICH Y, T—7 7R LEMFIZ
T — TR S D ZE BRI N S WIS B - T2,
RUEME L FATTHRONTEAE L ORMEERORELZ R 2, K 3IFT, 770

FETIE, 7= R LA, T—TUMERICHIZLHIT 1 ORERRE 2D
I D o723, b RIFFNCAEZEITRO b o7,

£ 1 ARSI 2 BEE I 4 B & 0T 2 & 0L EREK

FEUEA T AT 1 #AT 2 AT 3 S
L 62.84+2.61 66.29+5.54 69.93+6.98 71.83+7.32 69.35+6.91%*
F
(0.04) (0.08) (0.10) (0.10) (0.10)
o 61.03+3.19 64.90+6.48 67.23+6.85 67.91+7.12 66.68+6.79%*
fer—70
(0.05) (0.10) (0.10) (0.11) (0.10)
— 60.75+2.59 64.78+6.14 67.26+6.84 67.74+8.43 66.59+7.16%*
T —70
(0.04) (0.10) (0.10) (0.13) (0.11)
e 61.98+2.75 66.67+5.0 68.01+6.11 68.39+6.78 67.69+5.92%*
T — 7@
(0.04) (0.08) (0.09) (0.10) (0.09)
e 61.16+2.39 66.18+4.08 67.67+4.43 70.05+5.30 67.97+4.81%*
AT — 7@
(0.04) (0.06) (0.07) (0.08) (0.07)
Mean+Standard Deviation, HA{7 :° , (Coefficient of Variation)

* . p<0.05, **:p<0.01

K2 BERMITBIT DEEME LERITTHONIAE L ONEE

AT 1 AT 2 AT 3 I
FT—FL 3.45+4.67 7.09+6.08 8.99+6.24 6.51+6.04 (0.93)
fer—70 3.87+4.79 6.19+5.45 6.88+6.83 5.65+5.77 (1.02)
fer—7©@ 4.03+4.49 5.78+5.81 6.21+7.48 5.34+5.99 (1.12)
R T — 7O 4.68+4.66 6.02+6.07 6.40+7.14 5.70+5.95 (1.04)
T — 7@ 5.02+3.14 6.51:+4.49 8.89:+4.49 6.81+4.64 (0.68)

Mean =+ Standard Deviation, A : ° , (Coefficient of Variation)
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£ 3 HRIFITBT D EEME & AFTTHONIMAE L O

AT 1 AT 2 AT 3 )
F—77L 4.87+3.68 8.25+5.47 9.06+6.36 7.10+4.33 (0.61)
fer—70 4.65+3.97 6.64+4.86 6.88+6.83 6.06+4.81 (0.79)
T —7©@ 4.68+3.76 6.31+5.19 7.12+6.55 6.04+4.68 (0.78)
feRE T — 7O 5.13+4.13 6.47+5.56 7.01+6.50 6.20+5.11 (0.82)
T — 7@ 5.02+3.14 6.64+4.29 8.89+5.44 6.85+3.85 (0.56)

Mean = Standard Deviation, HAZ : ° , (Coefficient of Variation)

4. 2 ERV—FEEIZHOWT

ATRATENZ 36 T D 748 DAL BN 2 RIS DWW T, FEHE R BIRIE O Fofé B L £ T O RERE,
RAEENERICB T D XEE, YEFEOWTNS, RMEMICABRETRO bARN-T2, X

JERE, Y FERR O EBRIIT T — TR TR b/ S WHAR H o 72 (R 4),
AR, RARTEN 31 2 45 FR AT HLL O 7R FE DALEZ DT, SR S O 7R $5 O [E
BRI, WTFR b RMERICABEREITRBO SR o7 (Kb, 6, K7, £8),

K4 IRAEBER & TR & OFRBER OVEAR DR BRI

PHPE X R Y JERE
F—7eL 0.25+0.13 0.67+0.65 0.50+0.74
T —7O 0.22+ 0.10 0.65+0.57 0.51+0.57
fer—7@ 0.27+ 0.10 0.45+0.24 0.37+0.20
fierE 7 — 7O 0.22+ 0.08 0.56+0.55 0.28+ 0.07
HERE 7T — 7@ 0.24+ 0.09 0.60+0.70 0.29+0.11

Mean=® Standard Deviation
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5 KFHEIZI T DA MBI EEERR D D O7RFE O i

0% 20% 40% 60% 80% 100%

FT—7L 0.56+1.05 1.99+2.01 2.65+3.11 1.86+3.23 0.86+3.50 -0.77+3.32
(1.87) (1.01) (1.18) (1.73) (4.05) (4.29)

T —70 0.43+0.94 2.06+2.06 2.43+3.05 2.16+3.72 1.26+4.03 -0.51+4.06
(2.16) (1.00) (1.26) (1.73) (3.21) (7.96)

fer—7© 0.20+0.71 1.78+1.89 2.02+2.60 1.87+3.19 0.94+3.50 -0.87+3.65
(3.54) (1.06) (1.29) (1.70) (3.70) (4.20)

fierE 7 —>" 0.28+0.66 2.17+1.81 2.52+2.50 2.29+3.09 1.44+3.38 -0.32+3.63
@® (2.40) (0.84) (0.99) (1.35) (2.34) (11.38)

fiers 7 — " 0.51+1.03 2.23+2.00 2.72+2.78 2.57+3.18 1.76+3.36 0.06+3.20

@) (2.02) (2.90) (1.02) (1.24) (1.91) (55.09)

Mean =+ Standard Deviation, Hf7 : cm, (Coefficient of Variation)

6 KFMHEIZIS T D4 Hm R O Z B R

0% 20% 40% 60% 80% 100%
F—7RL 0.52+0.22 0.70+1.43 0.70+0.79 1.11+1.85 0.43+0.26 0.67+0.72
fer—70 0.81+0.66 0.58+0.58 0.92+0.96 1.04+2.10 0.81+1.28 0.42+0.33
Mer—7© 0.79+0.48 0.86+1.34 0.61+0.54 0.88+1.12 0.44+0.23 0.69+1.04

T — 7O 4.96+13.93 0.99+1.35 0.42+0.46 0.65+1.09 4.05+8.57 0.34+0.16

MR — 7@ 6.03+£10.72 0.51+0.52 0.55+0.54 0.78+0.81 0.89+1.17 0.43+0.28

Mean = Standard Deviation

KT KRR DM RIERERR ) © O7RER O BREE

0% 20% 40% 60% 80% 100%

F—7hL 0.87+0.54 2.78+1.68 3.06+2.28 2.0042.37  -0.2441.97  -3.87+2.01
(0.62) (0.61) (0.75) (1.18) (8.14) (0.52)

ftr—7O 0.86+0.56 2.73+1.67 3.06+2.45 2.05+2.67 -0.28+2.38  -3.58+1.85
(0.65) (0.61) (0.80) (1.30) (8.59) (0.52)

fit7—7@  0.84+0.58 2.81+1.84 3.22+2.49 2.25+2.70 0.06+2.33  -3.46+1.50
(0.69) (0.66) (0.78) (1.20) (38.47) (0.43)

R T —~ 0.66+0.64 2.41+1.82 2.60+2.48 1.49+2.63 -0.63+2.17  -3.79+1.57
@® (0.96) (0.76) (0.95) (1.76) (3.43) (0.41)

i — > 0.96+0.60 2.70+1.85 3.01+2.67 1.92+2.85 -0.45+2.25  -4.15+1.14

@) (0.63) (0.68) (0.89) (1.49) (5.02) (0.27)

Mean+ Standard Deviation, B : cm, (Coefficient of Variation)
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£ 8 KAIKMIZISIT %45 MmO B R

0% 20% 40% 60% 80% 100%
F—FRL 1.64+3.97 0.40+0.42 0.38+0.33 0.98+1.31 0.64+0.41 0.86+1.88
fer—~70 0.96+1.21 0.39+0.32 0.60+0.64 77.25+265.52 0.68+0.42 0.61+0.54
s —7© 0.62+0.65 0.40+0.34 0.68+0.72 1.16+1.49 0.79+0.74 0.42+0.29
fieET —7 O 1.29+1.70 0.88+1.35 1.36+2.60 0.65+0.79 4.15+12.17 0.50+0.48
T —7'© 1.39+2.82 0.42+0.34 1.13+1.96 317.48+1096.97 0.66+0.39 0.36+0.21

Mean=* Standard Deviation
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5. 1 FZREHIEE A BIEINALE 7 T T BIZ oW T

HERONEEZRE LD, EIHEZHIELZ0T51CH-0, T EE s %2 57
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ZZOEBENRKREL o ER E LT, 77U L5 ERMEEE O 7 4 — Ry s
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oL, #E#3hz5 &R TLINTEY, EfMCTHEIICIEF L CON-MEESHZ/EY BT
eIzl R, 1R, BEAERERPERNICAN SN OLE DL EEZ LTS
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STEBY., T—7H Y EKMFTIIEE~DOEEA A BEEENC G LR, 7—7 7L
FMECROLBEDPREI o LB Z BN D,

T—7 R LA L R L T, BYT 20 BYT 8 TIET — T SRIFIC R W THIE EN /N S
WRER E 2o Tod, BAT 1 ITBWTOHR, T—T R LEHFLY bRIEENRKRELS o7,
LT =T DB DENEZ HND,

T2 DROVENEHIT, WICBIET 2 xRS EFHET 5, £O—2I, f6boi
RO & o THARMRE R —E O CTRIE LT, m O EE A 13 2 ROAHER
JEM B B 148 L WNbDILTW D, ZAUE, AV D O R ERIE N EB O 5 EREE & L TR

17
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— 7T EAT ) A RMETOT NN EL BRLMEMB B o7z, ZDOZ Enb, fEEERE
OBEINTER & BEREB) ORI ERIIREOEBE LTV Ebo0, BViRShb
H BhiEE) O B EIALE R O FEMER DT m BT SRR D D LB X D,

e EB) O AR Tl RIS RIE Y e 7T AR L TRETH D, R
THWRBRVIREEBIZRB W T, B OEE 2 — AR TREFICA A=V 95 2 LITRETH

HHDEBZOLNDLN, FATHOICERICE D 74— KRy 7 &2 5272 LT, EH#OA A
— VIR VHABRIZR D, EEMICERZ & 5 20T K ot EHERET 5,

Flo, TOZEEFANOFRIC L > TS L 2 LIIREETH V|, HEEFR O CiEH)
DI SN TN Z ENERESND, LER-> T, KEEBIO AR5 L T2 aTREM:
HLEZBND, ZOKGHEBORMD 1 2L LT, ISE/ Y —ITHEMTENN T TH D
EEINTNDZ LD, FE~ORIRI T DINENZ = B REICL > TR 5T,
faik e L TEBBREN NS ROMME R EbHBAD 1 >TH D EHEET D,

FRATICB T 2 EEREIL, 3T 1. RI7 2. BIT 3 OTRTUTBWTHHET — 7 @5
HOEEBREIN NS WHER E o T2,

B DIRFEZ R # O MITNE O, AEH, BEMCLV S ESETHY, £

BEIL R D, AEHIIEEOAMEMENKE | RFZEBOEBHBE~OFRS KX
WESDbR TV 12, ABFFRICEWTHIEOR R EoFRE LT, LT aE
Ho—HEeBZZ2OND, 20D, EEOFEIMENKE EEEE~OFEKS KEWZ &
DT END, HET— T I, T — 7 TIPS OIUE—ERIC & B 72 5 K& Ot 1]
DEYE DHTIER L, T OIERHECEB) O FH I U7 B § O MG ~DOMIEIZ R LT
FREMER B Z b D, F7o. M7 — 7 OFMITRIE M &S KE | BE~DOEFEA

T HRBERLZTT N b DB XD, TOMRE, EEOBEI2IG U fili
DEA, KEOMEDOE N E T —7 %@L TLYAREICME L, UEOESORIES LV
M LIz Z & T, BB NS oz bDEEZ D,

Iz
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BE PG T 52 & E2REB L, RIS & A2 EE I, EE R 2 B S AL T
D Einh, EENEBESE D LLRTOER) O A 2 7 ORIED D KM EIE BN AR £ o T
W AREMEDR B D Z EZ R LTV D,

L7eh3> T, EERNZ T — 7B K D B~ DRI Z AT 72 Z LIl kY| EEFTYE
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D TNT=DTIXRO D EHELET 5,
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DEFMEEZEINESEDZ LT, KE~DEREATOEEZHLNITEDLI LD EEZ D,
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Considerations for the Fundamental Finance Issues of Local Public
Enterprise by Leadership
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Ko-ichiro FUIIMOTO "’ * Ken-taro OHUCHI 2’ ‘Shin-ichiro SAKAMOTO®?’

VPR, Y BIRERRERE, O BERE

1) Josai University'?) Miyazaki Sangyo-keiei University’ 3’ Tokoha University

< Abstract>

This study presents a new perspective on the strategy value of Local Public Enterprises (LPE) and
shows a clear understanding for the building of basic infrastructure of the leadership. Recently, some
management problems about the leadership on LPE have been pointed out. leaders of LPE status and
power because they decide policies without sticking to precedents, and they deal with crises after
considering what the people say. The effort in ensuring transparency in the established leadership,
however, is essential for businesses to work out their corporate strategy.
This study is suggestive when we would grasp the leadership on foundational approach of impact by the

composition of LPE. Breakthrough leadership is expected from management executive.
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