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A Study on Lifestyles and Health

-Comparison between senior high and university students concerning sleep, dietary,
habit of smoking and drinking, view of health and subjective symptoms-
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Tsuguo ISHIMOTO*, Kazuo SUZUKF’, Yutaka MIURA®, and Shigeo KATAOKA®

"Hokkaido College of Pharmacy, *Hokkai-Gakuen University of Kitami,
*Hokkaido Automotive Engineering College, ‘Hokkaido Institute of Technology
“Kitami Institute of Technology, *Hokkaido University of Education

Abstract

This study aims to conduct a survey of revealing the characteristics of senior high and university students on 2,684 senior
high students and 2,003 university students in Hokkaido using the findings consists of 9-item lifestyles and 66-item
subjective health-related symptoms. In addition, to make fundamental material and to examine what healthful lives and
healthful education in future for the young should be.An overview of our findings is as follows:
(1) On the question about their state of having breakfast, 73.9% of senior high students replied that they have breakfast “every
morning” while there are 55.6% of university students replied the same, whose percentage is lower than that of senior high.
The percentage of “completely not to have breakfast” are 6.9% in senior high and 21.7% in university students, which is 3
times as high rate as that of senior high. The ratio of lacking breakfast is significantly high in university students. Concerning
to the intake of between-meals, “taking it almost every day” among senior high students is at the high rate of 30%.
“Sometimes™ and “seldom™ among university students are at significantly higher rates of 66.4% and 20.5% than in senior
high. (2)Asked about their habit of drinking, the percentage “having no experience to drink” of senior high students is 38.8%
and that of university students, 24.5%. “Sometimes” and “drink almost every day” of university students are 70.1% and 5.4%
respectively. The percentage of drinkers among university students is significantly higher than that among senior high
students, Asked about the smoking habit, “having no experience to smoke” among senior high students is 76.7% and that
among university students, 58.0%. “Habitually smoke every day” among senior high students is 11.0% and that among
university students is 39.6%, whose rate is significantly high. (3)Considering the habit taking exercise other than in physical
education, the rate of “taking exercise often” among senior high students is 39.5%. However, there is much less percentage in
university students, whose rate is 9.7% and it is less than 10% of the rate in senior high students. Moreover, the rates of the
students who have no habit to take exercise are 27.5% in senior high and 37.3% in university students, of which percentage is
significantly higher than in senior high. (4)The percentage of students who “always” have subjective health-related symptoms
among senior high students is significantly higher than that among university students in the following 66 items: 24-item
physical subjective symptoms, 23-item mental subjective symptoms and 19-item behavioral subjective symptoms. Therefore,
respondents who have the subjective health-related symptoms among senior high students are overwhelmingly larger amount
than those among university students. Concerning the items with rates more than 30% of senior high students, they replied
“drowsiness” (63.6%), “getting tired” (51.2%), “tiring easily” (41.9%) and “having stiff neck and/or shoulders” (35.7%) as
the physical subjective symptoms. Items for the mental subjective symptoms, there are two: “having bitter experience to get
up in the morning” (50.4%) and “fecling uneasy or being in anxiety” (37.2%). In addition, there are no items over 30% in
behavioral subjective symptoms.

(J. Sport Sci. Osteo. Thera. 4(3): 161-173, March, 2003)
Keywords : Lifestyle (71 7 A% A /\), Subjective symptoms { H FAEIR), Senior high students (B84), University
students (K%:4) , Comparison (FL#)

— 161 —



AM-VEBEREPHR $B4E-$3S 2003537

H 5]

PHRERRSEE AL T2 8ERFORRERT,
BEEBOR AR AL TWA, BHEERORE LR
fE& RV H—DEERCEHRIATE 2V, LML, A
Bic k> THoL WHHEN B TSR RRE~DY X
7 77 E—EWMOBL DR EFBrERET
% Health Care System] ~&EELARIFThIZRLA
WP, E ZhbidsEn 7 To—FL LT,
XAk E o - A OE B —Lifestyle—DIBE L
FOEEOHFFOMEL LTEmL2ThERLA
v

DHEEOREEITORETRORE, BRLOER
I, AXOETFICKRERE(LE L6 L, BERNICIX
BT VAR L VERIC, LarbiaERzboiks
T&, Ll, —HFCRAFAFBICBIIBAA LR
DHRRHEOFEIMEOR TSI L 58, OE, M
i, WhdAAEEEFOEMELEL LTS,
29 LIEATEERIE. RATE, EEVEE, g W
B, SNBESOLEEHEN, TORE - #TIE5 T3
FRLEERSN, EBREFUETIZLICIVEOER
PETETHTEHLEZLIONTETHS 2, ¥,
Breslow & Y1 [gH 7~8 BEOHEELY X 5, ¥&
FRDER, BT LA, BELEKELRS, E
B L5 5, BAEOREE L2V, #1322
bipy © 7 SORFEEROERIMRRERC TR
DIERITKESBRLTWAZEEIEHLTVWS, &
5z, Breslow HOBFEEIZ LIUTHER], F#h, Higo
ATEIRBE, FiRMAR, A OMESS { B RRER
BELTWAZ b, HirEEBESTch<BL
FRAZER D2 FERICHEBEIEE L TR 5
LR LEZDLDTHD.

AL, BREDT A T AT AN LREICET 3
HIERZEECREICEBE L. SYREEDT -2
LHEFL, L KRFEEDTA 7 AH A VORI
A BEERBONNIRRLON, FOZENEE
#OEEORBENLAETEEROS ) FORBEEER Y
A HAEDERIT AT DOEMREERL L%
Z1: P

y:l &

FEIX, CEREPICITET 2 E SRR Z e
kb 12 BAREL, 2,773 4 (GEEicEET s
RO 1.5%) ERBICEMFESEIZ LY EE
Ui, [EPE#uT 2,684 4 (EILEE 96.8%) THY, #
IR 12455 A 16 HH 5 B 26 BETTh
ooy (=

WMEANEL NEIERREN), 918 - FR - 890
FEEO TR4E), THOESHE). MYEEE.

NEEVEN), FRERUVYSEOREE), kUt M
B A EHAEK 66 THE (B{ER) 24 THR, FitHrY 23

FEWRK

HE ITHEY 19 THE T8I\ 2ob 55, [Fix
HB), 2Ry ©3HENLRIRXYL)) TH
ST, gL BT A RFAEICOVWTIL, TRk 9
4 RICER L-BEEReAVWE, 2B, HAMOZE
DREZH A BEBREZTV., BEEORBBKREITLY
FEXAEE L, FNFUR L, dB0BMHI,

EEAOMRTCIL. BF 1,456 4 (54. 2%) , &F 1,228
% (45.8%). FLERIITIT 1 44 963 4 (35.9%). 2
A4 822 & (30.6%). 3 44 899 4 (33.5%) Th
D, FCSAREETIR. BF 1,591 £4((79. %), &F
412 4 (20.6%) . 1 4F4 362 45 (18.1%), 2 4E4 790 44
(39, 4%) . 3 4E4E 555 45 (27. T%) . 4 454 296 44 (14. 8%)
Th-oTo,

#® E

1. SFHOEERRERIZoWT

F 1 13, BRERVKFED [THHERRER) 25
LEbOTHD, Zhuc L, @idix 19 meiel
1 AR (32%). 15 REELRN) (6.7%)BKFE
A% EEY | KFAR 15 RFRHILLE 7 55 (52.3%).

7 BREfLLE O BRefloRi) TR ERAELVEE
IEERAR L (P<0001),

2. BAERFRIZOWT
1) SEOBERIZHWT

AR OKFAD RO IToWTHER 2
R LS, (A LD BEiED 73.9%2xFL
KEFAT 55. 6% L EEE R L, &b ImEk
D 6. O LACFEAE 21, %% &8, i3 &
LARICRETH-7- (P<0.001),
2) MEOBERIZOWT

% 3 13, BEERUVKELAD HROFERY (220
TRLIELDTHS, MEE NXTEET D) IR
£z 3 BlERETRL, [RxT5) RO NIEEAY
L2V I IREAIZENR TR 66. 3%, 20.5%% 58,
ERAE L W FEICEETH- - (P<0.001),
3) BYOUT E R IZONT

F AL, BEAERUKEAD BRBOLFEHE) 12
DWTRLELOTHD, i Liud, FEi R
NEEAERN IIESEAED 30, 0%z L TRFEAR
29, A% & LF-BIEERLTWAH, B&HBLUT) T
FEARBEAE (43. 5%) K 0 A (5L, 4%) 128 <, ftr, 4
shBLLE) TIEASEAE9. 2%) LV Bk (26. 5% A3
BirEmETho- (P<0.001),

F EHWESRBIZOWT o

nmmer | SNMEL | TREEL | SHERL | semem

L1+ @S | 8502|1060 387 (1,368 0.9 | 179 8

ﬁfuin 740.3) 4320 836 (41.7) [1.048 (52.3) | €9 (3.4)
F<0.001

—162—



AM—VEEFEREHR $435 - E32 20038538

3. HaEERIzoWT

RERUKFAED HGEER B3R5 ICFTES
2. TBRAZEZ L%avy) I D 38. 8%loxf LT
KREFEAIT24.5%Thote, £, HRrexfite) RUNE
T4 AfRTr) CITREEICERFER 70, 1%, 5. %% 75
L. Ei4E(59. 4%, 1.8%) Lo FEILEETH-- P
<0.001), F7=, FREETHIEHEEOHBEFEH
6 BlZ L TV,

4. BHEBRRIZOWT

AR UKFAED WREEM) 2o\ T 6 I
AT LI, Bl LA37ev ) MEEEAE T6. THIZ
* L TKEAILBS. 0% THY, T/, (0§25
TIImEAE 12, 3% U CREAIL 2. 4% T, B EE
FAREIIERAEIZZ Y, I LIZHEA A ERIIZIT-T
W5 RS Ao 11, 0%oxt L TREFEER
30, X TEEIZEECTH o7 (©<0.001), FEi-, MEE
BRZEZ L OMRAEN23. 3% L #0450 1 25D TV,

5. MEFEEIZHOVWT

ERAERCKBEEDEFREDSN O LGEEFER)
DNWTIE 7T ITFT LIS, %R (X<T5) 5
BEAED 39. 4% L TREAIL 9. 1% & 1 Blic bisi-/z
<. KEADES Rra$75) 53. %M TH 62. 7%
O eEBRTH o, T, HEFEEE S LIERNE
VL, RSO 27, 5%iTa LT AL 37. 3% % 55F
BICEETHo- (P<0.001),

6. BFEOREERIEIZ VT

813, MRAERUKELED THIEORREERE) (=
DVWTRLIEZBOTHS, ZhicLiid [FER IR
TdhH) TEBAED 28, 0% L THRFAL 16, 1% T
RAEIZEL . —F., [RBETIRy IER4ED
16. 8%z U THRFANL 20, 8% % 5, KFEOFH
FEEEIRIBIC B3 AFEAMED o= (P<0.001),

7. Y $ef@EEIZ ST

AR OKEFEAED HEROMEE] 122V Tk 9
IR L 5z, Bkof@#EconT M LTHRL L
72U IEASAE D 53, 4%k UAFART 46, 3% & s

Helr < . SSe@EE PR PRI &
ST L, [SORBRRIEL RS 1XEes

A= 30. 0%ET%E LACFEAEDS 37. 4% % B FEICEHETH
~7f (P<0.001),

T2 BEOERICOWLT
(%)

& B7EL

®B&L5 BaED

Efifk 1,984 (73.9) | 516 (19.2) 184 (6.9)

AFE |14 56 | 455 2 | 434 QLD

P<0.001

—163—

RERY
#£3 MEOHERIZDLT
(%)
EhEAE
Lrstn HatTd | EESBETS
BEpE | 35 032 | 1,507 (56.2) | 822 (30.6)
ArE 410 (20.5) | 1,329 (66.3) | 264 (13.2)
P<0.001
x4 BPOFERLIZONT
(%)
FBEALLEL | IBEMT A@ELE
Eps 806 (30.0) | 1.167 (43.5) | 711 (26.5)
xrE 589 (29.4) | 1.030 (51.4) | 384 (19.2)
P<0.001
&5 MEIFMIONT
(96)
BMAELEY | mame | mEmBme
BRE 11041 (38.8) | 1.504 59.4) | 49 (1.8)
A 491 (24.5) | 1.404 (0.1) | 108 (5.4)
F<0. 001
£6 BUESEWMICONT
(%)
BoLSEY | mams BERS
BRE 1205 (767 | 320 02.3) | 296 (11.0)
xPE 1160 s8.0) [ 49 24 | 794 39.6)
P<0.001
®7 EBERIZOLT
(%)
E<TH Way s oL
Mg | rose a4 | ees 33.1) | 797 21.5)
ARE 198 (@D [1.062 (53.0) | 747 31.3)
P<0.001
£8 HEORMREIZOVT
(96)
ke [mmurcss| amcany
_BETHD
o3 751 (28.0) | 1.482 (55.2) | 451 (16.8)
ARE 318 (5.7 | 1.273 (63.5) | 416 (20.8)
P<0.001
&9 [XROBEMOWLT
(%)
PLTHL | SORRKS [HSEORMIE
BCLEL EOR BN
7'52‘ 1,434 (53.4) 808 (30.0) 446 (16.6)
xrs 927 (46.3) | 748 (37.4) | 327 (16.3)
P<0. 001




AM—YBERERHR

8. EEEICET 5 8 BEEROEBIZOWT
ERAEROKRFEED RFIZAT 2 AR (66
HB) ) oW TiE, BRERS vwobdhd) &7
AL, SEHBETHER 24 HE (10 28), WHe
FBEMIER 23 8B (k11 28, T8 EER 19
HEH (#1288 066 HB2TICEEENKFEEL
DEBICHETHoM, LEEN-T, BEERZET
AEEEMICBRAEIC S o T, T BRENR 30 %
PRAABVESERLEEREROEHBIL. S8
BEERTIE TRV (63.6%). [T A) (51.2%)
ATV (41.9%), TEEEMRZS) (35.7) T
Y FEEOB R TR & 520530 (50. 4%) |
IR - DB H B (37.2%) D2HBTH-7=, 2
B, fTE B MIER TIZ 3% B 2THEIIBETS

=Yy

9. 54 T7AFAN9ER L BEER & DB
S47AEANITERA L HEABHEEL 24 THE,
B RAER 23 THE, (TBRBRER 19HB LD
BERE AR L7oDH& 13, & 14, & 15, & 16, & 17,

xR0 GEICETASEMERERIZOLT -

LoLBd BiHD &< gL HEH
1,304 (51. 20| 1,166 (43 4) 4 (5.4)
1|EhTIE 353 7.6 130 @50 29 07.47<>"

105 @8] 411 (05.3)] 2,168 (80.9)

2| FERMRAH D 2 wn| 20 0o 1 eeelP<®
T .01 66 5.1 . 937 66.5)
JjpELL 17 o8| 07 053] 1em @ |<0®
n “E. ” |.116 4. 4) |.m (48.5)
smEL w @] e ool ius @selt<
SlERBTL 1125 ZH.DJ 584 (36 1) 515 (21.4) P<D. 001

284 (14.2}] 1,020 (51.4)) 690 (34.4)
324 (12.1)] 791 (20.5)] 1,569 (58.4)
6| BIEHD M 65 (3.2)] 428 (21.4)| 1.510 (/5. 4)

P<0. 001

- wvran| T e w OB R oy
el A I e R
slmaa s Bt st elim tajram
T W A A
T At A B

ELEN ) 765 (28.1)] 1,858 (8B. 1)

12{2HEL 59 o 39 00| 1 orel <"
BlmsMnHTEhE | & o] o e0| 280 T, gy
T T BB A-H T H
O N EAE R T
16| e wal i (o 1m0 oo o] <
17| B 3; (ﬁmm P<0.001
1B “ 51 & o} Lk rso.:: e

I e 300 (120 1 (37.0)] 1,346 (50.2)
81 (4.0 634 (3.7 (64.3)

1:238 P<0.001
L1 410 (16 2)| 2,180 (81.6)
20“2!‘.9! B @3N (6.3 f o(
1,

21 (L0} 242 (12.1)] 1,740 (86.9) i

473 (15.8)| 466 (17.4) . B)
NZHRAD 167 @3] 5 0e.nl 14 ozo
T @0 62 @0 LA BLE

P<0.001

2SI @8] 500 @50 1326 esny| P
135 (15.0)| 2. 069 (76.7) 480 (1B.3)
23| TH 2 a6 400 e8| 1441 gne|"<0"
% Q0| 50 (.5 L0 063
W RMETF 30 (.5| 70 oe.5) 1603 wo.0p] "<
) LR maE
TR : X$%

$4%E 835 20037538 RERK

# 18 THD,
IRAERUKRFED TEAEERIEE) (oW TIL,
EAREIREERAS 7 BRI T AF T FHE
HIER (%13, ¥ 14 B28) 2 hobdhd) ICHE
R UIERNL, meedE 6 B (EhTnad), IR
BiRnbs), i), [IEREE - B3
VW, THERMBZS), MBEET)), XF¥4E 4 THE
(MEhTwa), TRELWV, HERTv. R
W) Thot, LLTRSRIC, 17 FHEEE &5
ET, FEOHAEER & 17, & 14 28) 28 o
bHdhD ) ITEELT LIEERIE. R4E 4 A (I
BXBZ0OMRFEWNW, [FRE-LEVEHDH], [ABEDOA
DBRT-Z2/E L5, [FE) Thh, XKFLE3 HE
(MR, MUy, TR E 5 DA8%E))
Thote, &biz, 7 iR L35ET. 78
B EER (& 18, # 14 88) 2 N obdhsd) Iz
BRERLUCERL. &4 2 HE (e - BRigL
2xHH), [FR), KF¥E3EE (BMTPo%T
<J. HEHFBLTW3), [FIR) Thot,
7=, EFH), Hat, TEERERESDEL LR
=11 REcETIMANENERIZONT i

Lo4HS BABHD 2{BL" | NER

(22.5)| 1.369 (51.0)| 710 (26.5)

o 124 (6.2 980 (48.9) 899 (44.9) P
e I I e
27\ WAt E A AL 5;; ‘:::?) 1';:: g::; 1:1: gg::% P<0.001
D pE B ED
29| AlZZUME < A A
0| BAL 2 6.2 o @.2| 125 @0 <%
o i T ao| s o) 13 619"
2 Hzsn % ::;J 891 (34.5) :n: .| T
TN R A A
T ORI W A
I AESECPL2 TN 2;; g::; ;: g:::; :::.’; ::::3 P<0.001
e M I e X

300 (11.2)| 585 (21.8)| 1.799 (67.00 p<0.001

SEEALEBLEL 50 @5 315 15.7] 1.638 LY
s T G8| #3059 208 I o
38| AWLEBLLL % .9 222 onn| 1.5 @6 <%

" 46 (0.2)| 493 (16.4)] 1,945 (2.4
W EBETNIELNED zw :n: 164 (cs.z; l.mzw.a: Fn-an

639 (23.8)] 583 (21.7) 1.462 (54.5)

bt i ©2 46| 415 2071|1496 ge |0
almezzossen |5 S0 DA 0 @0 0
2| FE - LEVSED 9:: ﬁ::gmm P<0.001
dmrearces | B3 @RS SN
ulmmoronr2 28] " Go| s o) 1o oro| <0
wars P AT
46| TRASTZLN 3:: "‘;jg mm P<0.001
b L 74 :_Sﬂ 563 (27.6) 1 176 (e8| P01
ED LR BERE

TR : k&



AR-VERFKEFHR $4E-$38 2003534

g 62 HECHER (AEZOHIHER--HER
# 66 100) 93.9%, KF4 19 THE CTHREE 28. 8% T
Hotz,

BRARUKREED [EOBH) ZoWTIL ¥
g% Ty ET2EFT. FENEREER EI13.
R EH) B obdhs) ICEEER LERIE.
BRAREEESBEOONELTOER 19HE, X
EAZATHE (FERTWA),  (HEREE - RO 5%
W, ER), [TH) Thotz, LATRERIZ,
ik (ko LT5E T, MR EER (&
17, #14 1) B Wobdhsd) ICEHEERUE
Wi, BERARAESENRD LN -2 TOER 2078
B, k24488 (RS2 2V), [ELEHRV,

MRy, & Z08EN)) Tholz, 6
iz, Sifed (Lol L95ET, TEROE HEER

(#18, #14BE) B N oObdbd) ICEEERL
TfEfRIE, AEERBED L2 TOER (4 16
B, K¥4£9THB) Thot-, iz, I, ke
), TEMNEEERTADES LE4A s HE (B
MR 83, 3%), K%¥EAE 21 HE (B 31.8%) Tho
oo SRAERUKFEAD THAOEER IZ2WTH,
g% FERTH) #T. FEHERER (F13.
F 14 B8 2 Wobdd) ICERERLUERIL
B 12 HE (EhTwa), THEW, Ehe
T, [EENHRIFTS), [BEITHv. (20

#£12 @AECETITHHEEERXKICONT o

Lobsd | Bass 2L | ARE
®.5)] 320 (11,9]] 2136 (78.6)

slarimoz3¢ 51 on| s 0en| s os|P%N
== 10 @.n N30T 2261 (84.2)

VEIECHD 1w oee| 1w el reer wo.s|t<*

SR RERDS s 6.8 43 @8] 145 gna| <Y

164 (6.1)| 454 (16.9}] 2.068 (77.0) P<0.001

S1mm 3 oee| w oafne vee
iae i
53| REROWN R e R
LLIE S S 3 o] 208 aonf e @e.g|"<0M
55 iak e 00| el mel
56| R S 40| i o5n)| 1.u0 (.| <%
575 - REELDEHI m ] Bt
se|mizEMLTLA vl B e
e A T
e e 1;: ":253 m el im ses|"<Y
s R
T W R
D 6 ap| ok e.s] S
65| Eits L T bl e mpl i ara)
_Go MR L 2 u:n; 248 g::a :fnﬁj_:.'g e
Z1) ER - mEE

T&: K

BER’RNX

B\, HEERZH), MEf), (HE. TRV,

(B AD), TEECHEGV)), KEEEITEEENR
B HNLTOER 17 B Thoto, LLTRERIC,

NiFmA+5) HT, HEMBERER &R17, ¥4
BM) 1 Nobdd CEELRLZERE, B8
401 (T, Rz, T8
Bhizv), MELEYRHS), [ITECLEMZEL
51, Rs0REN, [(FRE - LEXEHS). 18
BOAOGT-XERLS), [BERTS)), KFEER
HEENADHERI-ETOER 2 EHETH-oT-, &
biz, NAFEAET5) FT, THEREER (F18.
F14EBR) B hobhdd) [CEEERT LIERL
WA THEB (BTPoET<), SR, (837,

RaA, NRT. FECAshLTws), TR
22, KPEETAEENRD b2 TORER
10 B Thot-, Fio., BER, Hr, {THRE
HIER A2 b D Likd 52 HE (BhEE 78, 8%)
KFA Q9 HEE (BERT4.2%) Thols,

EEARURZLO TROFZ# ) 1ZoVTE,
s it (4 AL HAE T, SEREHEE
K @13, RU4BR) B Wvobdhs) (CEBRET
L-ERiE, AEENED bh-2TOER (FE
23TEHE, KA I1TIHR) CThoto, ATHEERIZ, T4
SELUL) HAET, HERBREER F17. k14
2R) 8 Wobdhd) KEELRLEERIT. A8
ENEHONELTOMER (BRAE22THEB, KFEE
14IER) Thot. abiz, M RKBLLE) HBET,
TERIERIER (18, R14BM) ¥ N\ obvdhs)
|TERE R LRI, kT EE (BMTPo%
<y, T8, TRtk [RR). (HORMICR3).

NEEVMET ). RS V)), KEARRARE
NB|DHONELTORERK 1TEHBChot-, o, &
Y, R, ITEIRE RERESDED L ERA 62
THE (BSR4, 0%), KFAE48THE (Bheis 72.7%)
Thol,

WERERUKFAD HHEER) [onT, 7=
—% [ TEEHkde) FT, SiEERAEK (3 13,
F15BR) M Wobdd) ICEBEEFR LIERIE.
AEENBDOLN-2TOER (BR4E2HE, X
#4111 EH) Tholz, LAFRRRIZ, NTEHER
ir) HT, BB RER E&17. X1588) 28 v
DL 5B ITHBELRLERL SERAEREREN
BOOLN-LTORER 20 HEE, XK¥#EI16EB (£
PTERV, [HEEZFENR), FELFIRWV,

TAIZSWE=L 2wy, TEER 2V NFEBW,

MFIC L EREWM D), WLV, %
PebB Z LI3EEE, [EENVEBURV, [TF
ICHEBEN L2V, TLO=y, (RS 008,

Mz L=< 25, %ETs), [EE) T
Hote, &biz, NIFHAMRL) FT, TPHARE

— 165 —



AM—VYRESEEFHE $4E-$53S 2003538

FER (F&18, RI5EBM) B N obdhd) ITHEE
RUTERIZ, miERAEERRD I -ETOE
w17THEB, XFEA4EB (BlE2b5), (RN
khs), R, HERORM. LER). IR
#®). FE-BHELoEH5 ). [BIATHLTWS),
(iR, [AREGE)., HER). TALEE LRV
G %), [FICTV)) Thote, i, &
{ieh, FETRAG, 1TERYE BEERZ S D L @4 59
IR (Bh#EsR89.4%), KFA M HE (BhER 66. 7%)
Th-oT%

BRAERUICEAD HERE) (oW T, I

REBERK

Al FT, ZEMERER G&13, £158H)
B evobhdhs) ITEBARLERE, SBAITE
BEENBEDONETOER 20HB, KFE1TEE
([FEhrfte)) THH, LTS, MERAKS)
ZC, BREHEEERE1T, F158H) B8 vwo
bhD) ICEELRULERT, SEAEIREENE
HoHNEETOER 23 HE, K¥EE1HA (iR
BOBE]) Tholz, Ebiz, BA%KH | HT,
TERIBEMERK (F 18, 153 28 vobvdhd)
CEERE TR LSERIL, BRERFEENRD LN
L TOFER 17 EHB, KFEE 1EA (MREROHEM))

£13 SA4T7R244NIAE & SHMBRER & DBE

TORERM] BAOHD | MROAR] AaniF WL | RAER | EEER | AVEE | REORRRE | ARORR
| e S| W | R | OR% | KK | 00K | FOeK | SORK HHR
% o e s | deex | x| s | seex HHH
WEE | REE | REK TR | WER | R TR
3
o i P % | vewx | % XK H3R
Asaie WEE | WER | R WRE | Wew | wE | R [ RRR EEES
* SR s | seme | sex R MR
F 7 W | R | %= ¥ER | NRE | BEX | R | R 7
¥ o ssox | o | S X
: Pewry WRE | oRR | oK EEE ® | R | HRE EE) TR
s o x| oo ¥ o R
R | R | R % XEK | R | R | RRE 757
b it s | demm | mowx K MR
TR | RN WE | ORE | WK | RN TR
= €
7| R - R A oK SRR etk ¢ x o HRK
ST WRR | ek | owE | % 7 EE7E
JPREU ok | 00K % R K
TR R R e £ T "X
3
of matH < FTH 5 wion | mewn
TER | R g RR | R R 77
\
L i 3 AR % SRk 3
" e > ox TR % ® K EE7
b b e SR SR
o TR ® ® | R R | ok | R | e FRH
ek %% R o o~
: ETETE EE7E % % Youk | R | e | Rk o
\f o
s ohd = i i
TR WA 5 E3 W R R
.
"Ii‘&m' =% _ . N W 6 K
" — R ® i TR aasgﬁ EE7E 7 ) EETE R
| R T E7E % 7 T
5% N o | soms
. W | R o TR | WER | % | ek | WK TR
K R % s | ek MK
o R | o | ek TR | oRE | R | AR | WEK 7
R o~ % ¢ KK HHK
) R wRE | R TR WEE | BE | RRE | R TR
- 3 K | K XK
= wRE | R R | R | R | Rk | K TR
Xk 50K s | semex | m s HHR o
s 5 AR EETE TR | W =
2| RS * * o e s | e | wox p——
. 5 EE757 5 ® | EEE | Rk *
o b e o R N P
£ g 7T T R TR
3 K kK 5 o~ XK
9 pe— EE 3 WA e W | HHR R TR
% XN XHH s | sex X%
T LR BRE MP<0.05, MOKP<0.01, MMXP<0.001
TR x%E



AM-VEBEFRAPHA $£4% 538 2003538

&4 SAT7RAFANLBRERN L2465 ITO21NVT

- I =
FAFREA I ERE® = B & % % &
x sumanar |, O 000 W, @, ®, 148
B mmen (mesorsr |60 @, 6, un @2). @0, (a0
E HHaRER | 50, (59 (48), (58), {59)
g BEOANEE | AREsEs oh-STOERIGER | (1), (7). (20), (23)
g EafL (MANAREE | NEEHSENHS L2 TOEERONE | (20), (28), €0), (1)
FRNENER | FEBSEH SN2 TOSRICNE | NESLHEH S hi-2 TOGHORE
{1). &), 9), (3. (1),
m SHeaNEs | 0D, (8, 08), (10, (08, FESHEHSOA L2 TOERITHE
@1). (22)
3
o | BEEETH 5 BH G0 G, () =
2 memERar |- . a0 HERHBH 5hi- £ COERIAR
AR RER E::' E::: o, B o HERHEHShI-2 TOLLIONE
-3 BHMORER | HEBNES SN2 TOREINE | HEBHEH S h1- £ TORKITNE
@a
5 | TREET |AWOERER | NERIES S AL S TORKZAR | NERHEN S0 E TORRIKE
o ABNERER f;f; gz;' 5. 9. 1%, HESHBHSAETOERITRE
]IS SATRAZAILEAMERS TL2EHD) I2D20T
- ™ 8 W E & =
SATREA N BRER % B & % %
BHNERER | AERFEHSLESTOREINE | NERNBHLhiETOERIINE
. T, B, 9, 60,
E pEsapc |MReRER | nesimnsaretoawona |0 0 G0 69 67
“n
T8y, 50, BT, 50, 55,
FROBRER | FREAES S h2TOSKIAE | 656, (57), (8, (59), (60),
(61), (62), (63), (65)
BUOERER | FREAED 5 ni-& TOSH0NE | (10)
e
i HERT |MPNERER | FERMED AL TOERINE | 4)
PENERER | FESNENchf-€ TOSRITHE | (53)
. @, 6. ®, @, ). @, @, a0, (8,
sumaRat |09, 08, 0D, (8, 09, (8). @n, o
(22), (23), (24)
= @, @9, [0, G, 3, 5, 68, G0, D),
BLAL (32). (33, 34). (35). (36) (46), (4T)
g LEL (mmwmazen | o o o) @ @2,
. @, @5, @) @n
S — ) (62). (64). (66) (521, (64)
®816 SAT7RAEANLEERERDY VO£ H D) 12D2VT
™ & W B W 8
SATPREAN aREs iz o
2 BENERER | FESNEH AL TORIUNE | ARBHBH S AL TOERINE
(]
5 BETHEL | AMOERER | FERHEHS AL TOERINE | NERSBOHS -2 TORIIAES
n TRNERXER | AEESEDON2TOERITHE | NEENBOOASTOERITHE
. @, &, . (0.
samanar |00, 03, (5, 07, 18). FEENEHEH2 TORIAE
(19), 24)
= @5, @6, @27, 2%, @0,
BEORMIZ @1, (3. (34). @5). G8). .
i Baie | wemaxan |0 oy e an. @), NERIROANEATORITINR
(44), (48) . (47)
@9, G, G2, &), 56
FooaREe |69, 60, (61, (62), 63), FERHBO 5 ht: 2 TOERITNE
(64). (65)

— 167 —

RBIRL



AM—-YEBEREFAR $£4E-F£38

BT S42A5/NIRE L WANERER & OBME

20033 8

FEMERR | DEORE | MAONE] Ao saL | RARD | SIS0 | ADER | SaoRARE | ARORR
m e WER | REE | KEK WA | R | EEK | R | mER | &
s | SN # H oK
WELIARIGL WA P e % B XK
R | R | AR wEE | RER | BER | AR | SEE T
BIMSERGL ® WE | XK * W e
= s WER | e | BRE | ERE | ¥R | 50 R TR
# o ® HEK R HHE
WEE | e E B T 5
cRLM= L
il i e * m | x| osoww | youm e
mpp—— T T TR W | W | oHE | MR 57
P s | non O s
WEA | R | R WEE | o | R | WRR | WK EEE
H|mamtiss R R x| we R
pe o= WER | R | WK Wown | RE | ERE | MRE | ERE EEE
= P % M * sorx | e O
N ; R | R | RRE WAK | RE | SRR | Bk | GORE | WK
HiFAELEAEECS R H K * N N
. rompe— WEE | WEE | WEE SRR | BN | WEw | BWE | WEE TEK
e e X doEE | W HR
W TR Ee R | EE | EEE | wER HER
PWSEIECRITINIGE ® | wmx mEk | wowx | mwox | wmwm K
p - T EEF R T ®
o it bl o R moex | soem | moew | e »
. wEE | EEE | A% WER [ RRE | WRE | mwE | RN EE
il o ® WEE | M| o A
- EE W= ® WRE Wk | RE | R R
HAwLERLEL R 5 P R HEH
P e, TR | R % £ SRR | S| A | R £
= j— TEE | ERE WEE | R | e "R EE
k % W | e o WEH * B 3
1| mEe sonEn R TR | WEGR | Eam | dom | wm | MK AR W
smm | ommm | s semm | moes | womx e AR
R " | ERE TR | EEE | aEE | TR EmE | wEE
TR DRADE p e somx | wo A e
WEE | TEE | WNE | NEE R TR
H{RbERLECES e x| wmx ERR N
: R | REE £ ToRw | R | R | e WRE
4 MR o ON-2E8LD ew P p i permti
EE g THR TR | —%
bt aiding i s | mowm K
Tw | wEE | BER ¥R | E | vEE | BEE | SAE EE
HREBgL P R B | mEm e
P P T TRE | ERE m*“'ﬁﬁﬁ'ﬁ‘m"m EEE WHE
X 3 wem | memw | mvew | maew HHOK
) LR BRE WP<0.05, HKP<0.01, MNP <0 001
TR AFE
T8 SATASANIABLTHNEBNER:OME
—
EERERA | 600G WACHE| RE0N AL | SAN | AN [SOEN [ REONSER| HEOWE
| prres=r—: TRm | mR | mEE | wE — wER |
e ¥ * N %
1 —— ET ™ ] TR | RO WEE
£ P % e | P HMM
wEE | wEw | AR E AR | RRE | WAE | WEE T
M=) aERHE soxm | mx e sorn | x| moee s e
) = R aﬁ!"‘—rxx T & o ErE
% #* o soos | seww | mes P HNE
" ETE X ® | R | R | R oK E
sk # e " R K
TEE | WER | B R | R N TEE
i hosamtai RN somx | osew | 3 | womw | wewex R
1 s 5 W | SRR 5 RN | BEE -
R EHR * * * e
= s = EF 7 oK | B | R 3 -
R K sk | % | osomw | e =
! e BRE | FEE | EE | " F
W | K s | e T o o
R | R 3 WRE | BER | R
Vjee-Ricoses e | wx | woen | waon | waw | wox ®
== ® WK | KR | R | K
S RI=HMLTIS % sk | wx | wmx
™ R EEE 3 WRE | ERE | WEE g T
sowx | e momw | e | e | e | o o
[N - R R EE7 £ E WHRE
R woson | oo | mewem | w R N
P o TER | W " TR | TR R THE
N smm | wwx s O
= W = ® WER | ER | wEE | wEE
ok | % He T
o e ¥R | AR WEE | K | BER EF R
& 2K e wo | wwwm | s o R
P - R FOEH FORE | MORR | MO | REm | BOmK HOE EE S
o doEk | MK HEE
p (= W | EER FEOR | REE | WEE | W HAR FHE
. ot * sk | % P HoRE
"R | EER FwR | Rk | BRE | BEE | wER | EwE
S5{MAIAR LY K HRR * P % M ek
F1) LR BERE WMP<O0.05, BEWP<O.01, N3 <0001
TH: XPE

— 168 —



AM—VEERLTHIE $48 535 2003F3R

Thotz, Fi=, HEY, Hipe, TEREREERE
Sben i 60 THE (BhESE 90. 9%), KF4 36
IHH (54.5% Tdh-oi-,
FEARUCKFLEOEEREU O EHER) I
OWTHL, TEEAE LRV BT, FENERER
(%13, #& 15 2P N obL5H3) KERERLE
e, @A 13 HA ((FREREHB], HEV,
v, TRMEUELT V. [ERRE
TAl, [HrEnzs), HER)., (Em)., MR,
(HE . (=EizEBYvy, TFHL. RERIET).
KEEASIHER (MENPTV, [RBEOERTV,
ERRIFTS), THBEIZHB, MELERZB),
MEs), T2 AB). ['EIZHV)) Thot,
DTz, NZEALE Ly FHC, HERIE
P(FE 17, ¥ 15 ) 2 vobHd) KEEER
LicfEkiE, s 19 IR (MEpTEipvy), T8
BEZRNY, TAIZSWE=L A2y, TB(ESRV,
MEABAS D), [FEAV], MU bHEME R
L5), LI, TAE S EL TV RV,
(ks D L i3Rgg), EEROER LRV,
Mgz bEBI L2y, [EEENRABRLRS D],
(R 505RE), 7% - LERHS). [EHHE
DANDHT=EER LD, BRT D), ERDR,
(B . X4 7T HB (L Awv, TAEIE
ATV, [EEEb A - LidmEE), [
ERNERUARV, R - LEERBHD), [T&EH
2, [E#) Thote, bz, NEEALLAR
V) T, TERIBERER (F18, &15 BF) B I
Sbd D) ICEBRER LERE, meEsHE (15]
=555, Nk, TAELEEE Uivg, [EBHE
Tl (Egds#Ezev), K¥4& 2 HA (NEIR).
TEBMET.) Thot, /-, FEN, B, 17
BB REREZESDLED LEK4LE 51 WA (B9ER
77.3%), KFEAE48 ER (BRERTLTH) Tholz,
AR KA ERIEOREERER) ([ZoV T,
MRV &3 AEC. FiERE RER (R 18,
# 16 BB) 2 N obdh s IEEETRLEERI.
HEEIEHLN-STOER @424 EE, X
24021 HE) Thote, UTRFERIZ, MBEETIIAR
W LAET, RSB EEIRER 1T, K 16 2) 2
Wwobdbhd) IcEEEF LERIE. BEESHED
b= TOMER (@R, KEEL LIZ23ER)
Thol, Ebic, MEETIIRV LT5FT, 1T
BB EEK (FI18, R16Z2H) 18 [\ obdb)
ICEELR LERE, FEENREDON-2TOE
Hh GE, KFELELBIZ1TEHRB) Thot, T,
FEEY, MR, (TEVE BEREADES L RE
64 TEF (BShER97. 0%), K54 61 THE (BhEE 92, 4%)
THhol,
AR UKEED NEEORE oW T, NF

FRERIL

SeREE BB L4 5F T, SR RER (R
13, #16 2R M o bbb (CEEERLUER
i, EEAE 12 THE ((BRELW, ToFEwy), (8
DA, [EEIRGEEE - AR v, REPAET.
(B X8y, TEgDMTbh5), [HEBIE
TH), (oA, TRV, TREFR). (REKMETD.
KEETIFBENRD bIL-ETOHER 21 HETH
AT, UTFEREC, NFseo@ECiZEEL ¢35
FHC, HFRIEERER (F 17, & 16 28) B o
LA ICEmBERLULERL, B4 18 HE (%
CERR), [EXBFENRV, EENZ RV,
TACEWE R, TBRESRW), TEDERH
5], MggobEMERUA), LAk, TA
LHEL ST, HFEERnSZETHE
), EENNERURV . TR LEE LRV,
EEESh3BUMBHD:, FRLIOMBEN], Y
PEELELA2D), EAEOANOHBT-SEBRLS],
[y, [ZE)) ., KFLEDFEENRRLL
N2 TORER 21 HE Thotz, Ehiz, NMEkD
MREEITITEERL) LT AT, 1TERYE BiEK (3R 18,
F 16 ) B vwobdb b ITFEBETF LILERL
Ead 12 HA (MBl2zb5), MESE), LAR).
(g omghn . R, RER),  EmREGE].
ME&), TAEEEZ LAav)., BBl TE
BMET. [FEIZEV) ., REEFAREREDLN
FETOER 17 TR Thotr, i-. SR, Hee
f, ITEMIBTER S ShE5 Lkt 60 HE (B
R 00, 9%), AF4 50 THE (P& 80.4%) Tho
oo

= =

B B UK OB RIE, BE L ENich S
DR I ER L EOH AR TH S, i, A
#. EH8, ARSI LEVAEOEBFERLE
BRI THLHD, O L-EELERICLED ST,
W, HOERHLORS, EE), Sl REEDT
A FAEA NOENDE ETFEER) Ch oML,
BHRRE AR o L AT o — LI SEA ASEAE RS
LEETAHIERHALMIIENRTETWS, . =
5 L= A oATR BRI AL R THBELZD
T EBEELWE LIRS RTWS T, BB T
i, FEHRME S AT AT ESWTHEFROFEEE D
EfEsh, EHYE-CREHEREIILOEATESO
FERE SN TWAL, 50, FEOEETEOILNL
ZEE &1 H RIS - R TEIIS R L CRYRE
AR VRV EREEE o TWD, KEEDE
EiL, KEREOBFOF A 7 A2 A NOBITHEO LS
OEL L FROFEEEBRSE, TODKFZ F
A DARRED R B E~DF 3 (Health Support) ¥
OBEEMND [REICBITAREEEEF—) R

— 169 —



AR—VEBEREFNR $4E-FE3S 2003F38

BL. $AORRLTRKESELYEC TRATHOE
ERHIED 7= [Health Care and Services] #1T-
TWA, “hbDZ EBRKFEAOERK, B, @i
[E. L BERZONEIRE L By Bofk
EEEOESER LRBICES>TVAEHFRTHS Y,

B A b KA OATE FOWEIL. BRAEIIAZELL
e, IhIRENE TREAR] * R oo
s EDhAEIC BT 2 EEMNEETER OE#0HE
BREOEENEATHE L ELLND, —FH, KF
ik, FEPEOGEN, RRICRESERT) L OT
AL, [EFEOMmBEE Iy IEFEOEN I
5% < ORECETIARERETF LTWDH I LA
fEEhTWA Y,

fesEiTEM L VS TERTTED) (3, EOHRIC R
AR, £ L CEOERRM LR END [BEEE)
A0, ZOMMEEED [REETE) AL TS,
L7zhio T, BAERKFEENRED L 5 72 [HREEMR
ZEJ/L, FOXH7i TEEEEER) 2T 505K
X THS, RESLATEEES RS ERAE
RFEFEEIIR L TR, BETEEEET2EE L
EREEE O L . ZOEAT & LTOE Ly vERERRR
REETDH (AEICOEARERE) PEETHHT
LiImREFIRV,

HIE ORI SN TIE BERICRETHS) &
TAHE, EREIIRFECHARTESRER LN,
T hix, SRE & KL ORERIER ST IROME
BOEOAFEOBREILL S LD EBL BN, o,
RO OVWTIE, [DLTHRL LV B%
BAERIKRZER LEl->TWS, ZOIZLIE, mEeEN
HEARAPIEFELTWAZ &, £k, FEEDY (E
ERE ofv, S5ICER [RRKE OXEEN
BEEL WAL EBLHNS, WTHIZLTHEXK
Ak, BERICRETHD) RV MRS LTHEL
L=V EREEMICZEZ TWA D LB NS, —
F. KEERFELF LR Eh, [4E) XA
LREEOIN) BETHELTWALRERETHE Y,
KA IR T S ORSE OERIZ OV T TBELAS
2y FEY, BEERYE Wobdhs) ITEEETR
L= (WEE42 HE, RFEEHE) ZEbLE
MBAn5, BIECEROREZMET 5 BCiMiiL. &
REHREES1TT/e < . FiPAURRRE. X HITIIERE
BicbEBEhd L O R "85y, ZoZ L
x5 HOEM S BRAER & ORICHE R
EREHDBZ LEEKRLTWS,

KA NELREIREFM) oW TiE, [T 78RR
i) OFED 55, 8%A L%, FEEREER L ATEOEN
4% L OIS b, BIRFMOFRRIL, [SE
HEEAER) RO TR E R ORxNENE
WHTER Y b, EEIRFERNT [HiehE RER)
B DAy EER) & ORhEESAEVWZ & 2L

EE-F 4

TW5, Z0OI Lix, FERICEEEICBNTHRD L
hi-, ®io, BERAOERCHERI~EZ Lk X%
ATHAT 9 BRI L) & 15 BEfEREE OFSR
BErL, £, NEOEERERRN) & 8RER) &
DOEE T, BRERRKEEICH~EERIELS (&
B2 93, 9%ITRT L TR 28.8%) . L £ DR
AT TCWAIENEETED, BRI, 1 B E
FOERE] LBAO (ZFVX—FH T THEHE
ThHY, BEROFNCEEDL, A, [LEE),

R PLR] SABITNELTWAZ L 2B
Tird,

AT oW THL, BRAED T FiEEs, ¥
7= TRIEOSER T3 3 FirEAERL, o
xR A% T4SEEAE) OFH 3 FIT, Wih
LRI RER ThHoTm, o, EEEL KELE
O A OEE), [REOBE. [A%oitxid
3IEE & BERER & OBRRERE T, BN EI T,
ThoRHEEE L oBbYPERORBEICE LTI,
EFE, BERAE. B, BAEMSE, WREME. BH
BE. AR, BEOVARY - 77— LTHD
EHE L LB AN, 2<0OHR Y BELATY
%, 1o, FORHOBENLEFEBRFTHOD
OEFBRER Y SHREh, AERERELEL
LTWaHEHE, 8. BV =R A-X—KE
FROMIZHAEBRD ) BB, ©F I 08# -
RERELATFEERROBED A A= XL LR LT
W5 LIER Y ShTwa,

MEGEEE oW TiE, R¥EARERAEICEST
WHRNRLAEERZ boFMNEVS, LaL, BE
JER 66 HB & OBHETIY, KFEEDOBESR 66. THIC
T4 1L 89, A%DETERER LT, ZDZ &Ik,
EEAERKEAICHATHEN DR B LV 2<%
oW LEERLTWALDEEZLND, TV
g, @FOWE5E ZAIZEREL., FHE. B
Fl, BN, GHEREER, RN, LR BECiRx pRA
LTI ENHE BOIhTWAL, iz, Bl
JE. PERIR, 0, WASMAE, MREMAE, BHERAE.
BEEOWbW A AFEEERICH L TT A3— A0 NEL
BhboTwa 7, LAL—F5TiZ, fhilltETRIC
BALCx=# /—/A 8z LT 1 A 20~30g OEGEEZT 5
BAiY. FERCEREIC ST LARERMEL . BIRE
eEEH L, DRBOMEEIZ L 2 CELRLTS
ZELHEMMIERTVS P, ERLEL D ICEE
BiR L g HAERK 66 HE L OMICIE, BE4LE 59 THA,
KA 44 B L Z L OBEARONTE, ThboO
Z b - BRA - KEEOFRFITH L TGE
IC L AMEICETAHT - EENLETHS I,

[EEMR) (25T, RFEE THOIBRET
(AR5 ) RO (AR S | 4501250,
KA 4 RERSSUELEER L TVW5, BE T D

—170—



AM—-VEEREFHE F4E-33S 2003%F3H

{RE~OFE BT AT, B, R, Skl
R OETEERR & OBBEDLZ LT, %, KED
B RRE L OBNE, hHERSONREE S OE, E
BN~ DB, FPRERREE~ORE HiE~0OF
B - SNTEL OGRS S HROMRD) | Ff B
15 - (RS & OBREIZOVWTEE, B4 60 A,
K¥A 36 HB ICBIES R G, BiR4EE CEEEE
HREDoTr, ZOZ &L, BVERIZYEE. B
i, TEHERER~OFENRHD Z L ERELT
WBHDEEZ bD, RERIEEEIL, SEHRRE
B OLUETHD LT58E R (¥ aRER
Hl BT AHE DS LHY, BEROBLBEDT
BVEETHD, SREOEFEEIEL BRERE DM
MIEE 0L X3, BRROEEEE & RIS Ot
WL 52 QD EEbRS.

SRR 2Tt T&<7T3) & TRexT
B BEbEAE, K¥A G2 %) XA (72.5%) X
VIEEOEBRIMEL, T, HEEHEE BREER L
OIE I, HETERE ALY bR #FTH
AERDS Wobdhd) ICEERERLUEEBRL, &K
A (37 HA) A (17 HB) IS TEhESsT
E< . BRERZFZHENE, FEMNLERTERIC
Lo TERSNI- AN, S 02k %S
A EDICERESNE NEBT BR Hypokinetic
Disease| ™LX, “HAE—DREELTEILHD
Tli/e< . BEOHERS EZAENREEZZL TS
LEfEXR, FhboOEEIT. (1) EEE. RIRE
R, (2) ERBROWEMESE, BOEE Q) &5
IRE(UIE. (@) B, BRW, (6) BEFRRERE.
MEEomE. (6) BREOREE, (1) HEED
FBC L AREHOELSE PIEEBE 5 AT, &
e, HATEEROZVBETHR2ED U X7 OBERBAHE
H i, SREBERRZVEISESEDOY A2 B
BFEE LT (1) 7ER - FRSiEodE. (2) &
Y00 RS RIOEHE & T o bk S SEE & H IR
BEIE & OEEEEOENE L LTERE) ., 3 —
FNH—s3T L ZADWEIZ L BHBNE A UEOTE.,
(4) RO, (5) DNA EHEEDUEEI T
EhTnad®,

EEILL > TCEEBIOSRIL, BEAORK, BEL, &
LE AANBEREOERICLVEFSNALOTHY,
BT (R BV - SR TEL) &) B Ehsrs g
T4TH LOTIT/eV, L, EEOERmOBETIT,
fEE. #EE. SR, FERE. OB OREERIE. R,
RAE, REEOTRRE, fElREE, ISMEZFORRNIEM
Eh, FLT, Thbofissh2irhid, &
LAREIZE »T 18] LR20HEDI L HEDLED
HB,

REIC B+ 3 B EER 1220\, Wit L K
FER BT S L ERERBEEERTATIENEL,

REFN

KFEELVTRTOER (66 HE) ICEBETLIS
TOZ Y, ERAENKEAICES. B2 OEEIZE
WTERERRTERN OB IR A ¥ 2 — M L5508
AETEDITROERE /2 VIZ OV T O, SR,
AR P UANEWZ EBREZ BRD, —H. KE
AIERE CORBEEEEBE 2 ETERR S DB
HEeE T HEfEN., B AR F N DRSS,
ERE LD A b L RAODRWETERED B RIERE
BHLUR—ERELEEIND,
BERERUKFAEDT A 7 ZE A VBV
RYOITTHhNE, BICEREPKFEED MEARR
5t OREEr LT TRl A, PEADOR
B - HEEED 21 iRiCEE DERORBEAETE
D&Y HPEEERIC BT HREN R ETRRETH
HA B =DIEBEOLTOERBIZBANT, #HRLTW
HBERBAD,
AEBIROREERZ, SEHER, SHRHEE
Eichiz T, £EEEERRH Y . EAORDEE, HER,
ER, BE, ESICRILELOTHD, Thbn
ATEEERORAE - EITICE 5T AR EOMEIC
LoTFHTER LD IR TWD, Zhaizid,
EEENOONE - BEARKDLN ¥ | FHD, &K
HokZED Thh-S3< 0, @E3< Y. AEERA
DFE, EFEEOYIR S0@as, [R5 -
AF—V) (LT AEE L FOREZERL VAR
TR bRV ERMRETH D,

et #

FRZEO BN, IGEREICBET A L KF4E
DTG4 TAFEAINOER LREIZHET S BRIER 66
IERAHE L, SEL: KFEORERFRLNCTD
ZETholz, RERERNTHLUTDEY THD,

BAEORBERETIY, SEAIIKFEICET M2
BEThD] LT3E5REFIEERL. FRIIHTSH
B T, BRENIKFEELY L M LTHRELL
TV ISR b, KFEEORBIRIECRER R
o, LisL, @IS B8RERTCIX, 4
g, M, ITEBRYEREER L LA o
YD) ITEmEEED, KEELDERIFED LN,
DI Lid, BEAENKEEICEAS, HEERICRY:
T, FEIDMEBOBTEAR Y Vo — Mz L BB a4k
TEPIBROHERRISWTORERELS F R, Ffpa
BARLVARERSTVHLDEEZBNDS, BiER:
SATAEANEEEERIZONWTERT B LLUTO
LBV THA,

(1) EXEERFEERIZOVTiL, EEIREEM 72w
7 BRI Tl o 57, 6%Iox L THREFEAR
55.8% & EEA R L, FF LVEERIEEE D 7
AL E 9 BERDARIE) IR FE (41.7%) B@mE
(38. %) LW ARICHETH-T,

- 171



AM-VEEREAFHR $4E-$38 2003538

(2) FEOERTIX, EELD) IERE
(73.9%) %<, (e ld) R TEB20) X
KEA (22.7%. 21.7%) IZHMETHo7-, 7=, M@
BOVRTIE NSHET5) iLim4 (30.6%) A3
KEA(13.2%) O 2{fE558% 58, i, NFEAXL
7RV FEREEAE D 20. 5%z L TEEAEA 13, 2% T
BE EBROVEIREEICZN, 512, BPOIFZ
HO TR, RAENEV T4 BB LLE) 23784 (26.5%)
icEEERL, 3&HHEHLUT) EKREE (51.4%) 1
BETH T,

(3) HFEEMICOWVWT, MRAEZ &332 X
A (38.8%) 2. TRpxfRir) RO* NETEAEMK
te) WIRPAE (70.1%, 5.4%) CEETH-T-,

(4) BREBRICOWTIE RofeZ L300 i
e 6. T okt LASEEIL 58. 0% Téh v, MEEAH
wEELTWS Hga® S | iIXEEE® 11, 0%S/ =L
TKEFAIL 39. 6% Tho7-,

(65) HESRELUANOEBHERCTIX (X<T5H)
ARAED 39. 4%z x L TKEFEE 9. 1% & 1 B bl
2 (KEEDGS B4 1 5)53. %% MATY 62.7%
TR LV EETERE b oEDD RN,

(6) BRIERY Nvobdhs) LT5HIL, 66 H
HETIZHEERERBICRERThH o1z, Fio, 47
AZANOIER LEFECETAEMMERK 66 IHE L O
Bl LA L, HELLRWTIA TRAIANELOH
EEBERZETIENE L, BRI R
M, S0, REREL X UEERICKSEL
LESBRENGED b, —HFRFEER. Mo
B LONBEORRAHE & OB TH BERSEREL Y
L HAbNTE,

3R - &

1) PG (1997) RREVEFROHSY, ECEHR
#H:9-20

2) F M (2002) AFEE R UPDATE—RL O1EE)
e —, BEERAR—YEZ vol. 19 : 8-11,

3)Belloc N.B., Breslow L. (1972)Relationship of
Physical Health Status and Health Practices,
* Preventive Medicine, 1 :409-421

4) FiEsERE, AP =R, KEFERE, AKRE, 8%
A— (1999) T4 7ARZANLERIZEET 587
7 —KFEOHER, £ WERRE, EREHR
EERERICONT -, EEEEAEREE (B
RELERR) . 49 (2) @ 41-56

5) FrilSckE, BEFHER., BAP=%TF. AXBES. &%
A—F (1999) FA 7AFA N LEREIZEET DT
7 (I) —XZEEOFER. BREHX MR,
EIE - REORARE, 8%, 2IUR. BEEED
R, FROZ(L L BT 5 BHERICD
WT—, BEEFEELE (BARER) . 50

— 72—

BER

(1) : 111-126

6) BREFA R, AP =T, AFEH, xk—% K
WSt (1998) T4 7RAY A LRI A%
—RFAOREE. £F8 L BEEERIZONT—,
s B BRI FEITRCE, 24 £ 29-44

)M =rEF. ARG (2002) FAERICBIT 54
EBEROTE, R AN —VEZ Vol. 19:293-
298

8) _LARAHE(1996) Baft O KFADRRFEREIZ ST
D—ER FHAEFIES 8 : 106

9) {EEHE (1996) RFRE A L REEFE—XAR T
OEEM—, R 38 : 107-113

10)Garrity T.,F., Somes G., W. (1978)Factors
influencing self-assessment of health. Soc. Sci.
Med. , 12 : 77-81

11) R IEFAN (1997) 41T 3017 HRRETEH® & £
TR EDO BB BE 3 D IS, SRR
39 : 325-332

12) BEPR R A0— Y [E2:(2002) ATEBRFE O T & 1698
—EE) - RY - TYRRE LGRS R
g »—, Vol. 19 :18-21, 42-49. 80-85, 124-129,
157-162

13) HBAFE - SEHHRERTES: (1999) BAKFUGRTHAAD
SREPTE—RIHERENE— B UK

14) /NHIETE (2002) AETEBWTHE TS - 1BBROT= D%
FrpEARR-, BRER A R—YES Vol 19 : 18-
21

15) Ian MacDonald (2001) 7 /Lo —L HEREESE 2 BR. B0
FREGERHRIE, SREEAE, FRILFRYR, BAEER
HEmPlFERE (ILSI JAPAN), Blackwell Science

16)FE T BHERE(2000) ES T 4
¥ 18

17) IR =, AHHTE(2002) 7 a— b & A1ERR
. BERAR—YEEVol. 19 : 310-314

18) Tsugame, S., et al (1999)Alcohol consumption and
all-cause cancer mortality among middle aged
Japanese men, seven year follow-up of the JPHC
study eohort 1. Am, J.Epidemiol, 150 : 1201-1207

19) KZRAN (2000) BREE L ftiAs A, BIEHTSAEE—2
TEFIEORSEE~RITTRBIT T, 145
82(2) : 249-256

20) FABHE(1993) BAMEHR B L BE (2), AAEN
245 109(1) . KE-25-28

21) EkHEES (1999) BE L AETEEEIA, B L 1hHE 8T

(3) : 421-426

22) AT (1993) FEREBEB L WE (1), BAELME
sk 109(5). KE-33-36

23) TR (1999) B2HE L 1/E%, BRI 95(7) -
831-837



AM—VYREFEPHR $4%E-$53S 2003537 FERX

24) FL—BR (1996) /)~ « B « EERCISIT HBRERA I
H L AROREE OLFERAEORETENC RIF
THRE, FEIRMEFEI 38 : 103-202

25) Pl EA (1995) 7 FERIOEMRREIC E-S5 < H4
OBYETEITRIE TV, BAROREESMEE
42(1) :8-18

26) SR (1995) =i = IS SHHI 0SB IC B A
BEEbBE, B AARATA NS 42(12) £ 1017-1028

27) JAME., A/JIER(1977) B8 25 - EET 2RIk

¥ se% L EDOFEh. FHEORFE V-1

28) Il » HILER(1997) b L—=-2"; W, E
FHER LR, FEORFE ) —X1

29)Thune, 1., et al. (2001): Physical activity and
cancer risk: dose-response and cancer, all
sites and site-specific. Med. Sci. Sports
Exere. 33: S530-550

30)$E=BR (2002) AFEFHEH~DT F/5A A,
Vol. 19:203-298, EHikE/E : 2-11

(% 200343 A 12 A)

—173—






AM—VEEAREFHR $48-$3S 2003538

RIFTEBRDOEAC D AT T % L R % OIERRE

iR | E—?
Mednd UIEREE. 2 ABERR

SEBIERZE

Long-term observation of peripheral circulation using Accelerated Plethysmography after
Achilles tendon rupture (Case study)

Hironari TAKAHASHT', Fiichi WATANABE”
"TAKAHASHI Sekkotsu Clinic , “YODA Sekkotsu Clinic

Abstract

Peripheral circulation was evaluated using Accelerated Plethysmography (APG) during long-term treatment of an Achilles
tendon rupture in a 33-year old woman who had experienced an Achilles tendon rupture while playing volleyball APG index
was measured from the 50th day following immobilization by plaster cast  Before rehabilitation the APG index was ~59 on the
injured side, and +78 on the non-injured side.

After 123 days of rehabilitation by exercise therapy and physiotherapy, the APG index of the injured Achilles tendon improved,
and attained a value equivalent to the APG measurement on the non-injured side. Consequently, the patient recovered to
playing volleyball as well as before suffering the tendon rupture.

These results therefore indicate that APG index could be a useful tool for monitoring the process of peripheral circulatory
improvement of an injured Achilles tendon during rehabilitation.

(3. Sport Sci. Osteo. Thera. 4(3): 175-177, March, 2003)

Key words:  Achilles tendon rupture (7% L 2 #%)) , peripheral circulation (GEHS#ER) ,

Accelerated Plethysmography : APG  (NTEEREAREE)
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Current & Emerging Theories on Biomechanical
Function of the Foot and Leg

Andrew van Essen
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Fellow of the Australasian College of Podiatric Surgeons

Understanding the complexities of human gait has been the tropic of research interest for many years. At the
beginning of last century, the advent of high speed motion film allowed for more in depth analysis. A lot of the earlier
research work on foot function and flat feet revolved around the military. After the two world wars, further research
and understanding of human gait was undertaken to try and develop better artificial limbs. A lot of this earlier research
work was collated and culminated in two text books published by Root Orien and Weed (1971,1977) which outlined a
logical and rational approach to the assessment of foot and leg function and disorders associated with abnormal
biomechanical function. The Jogging boom in the 1980°s saw the increasing usage of orthotic therapy based on Root
theory in the treatment and prevention of many sporting injuries of the foot and leg. The theories put forward by Root
Orien and Weed became the basis for many aspects of podiatry practice as well as other health professions, and the
athletic footwear industry. In an editorial of the Australasian Journal of Podiatric Medicine, Menz (1997) stated that
“the concept of normal and abnormal function outlined by the authors provide a coherent framework which
revolutionised both the diagnosis and treatment of foot pathology. McPoil and Hunt (1995) in the Journal of
Orthopaedic and Sports Physical Therapy stated that 70% of the papers relating to foot biomechanics or the utilisation
of foot orthoses directly referenced the writings of Root and his co-authors,

The key elements of the theory put forward by Dr. Root and his co-authors was defineing a criteria for the normal
alignment in the lower extremity. Assessment of the patient as to how they deviated from this normal alignment
involved objective examination of all the major joints within the foot and leg of their position and range of motion.
They also attempted to predict the type of injuries and deformities that could occur with variations from this normal
alignment, The subtalar joint plays an important role in foot and leg function so Root theory biomechanics involves
identifying a neutral position of the subtalar joint. Frontal plane motion of the calcancus (being inversion and cversion)
is used to indicate the position of the subfalar joint. The aim is to control frontal plane motion of the calcaneus around
the neutral subtalar joint position. When standing, inversion and eversion of the calcaneus cannot occur without motion
also occurring in either the sagittal plane or transverse plane. Sagittal plane motion is seen as raising or lowering of the
arch and transverse plane will be scen as rotation of the leg. As well as the subtalar joint, the mid tarsal joint also has an
important role to play. Understand the mechanics and relationship between these two joiats is important not only in
Root theory biomechanics but in also other theories of foot function.

The subtalar joint is angled at approximately 45°, midway between the long axis of the foot and the long axis of the
leg and couples the motion between the foot and leg. As the foot is inverted and everted this will cause medial and
lateral rotation of the leg and vica versa. As the subtalar joint is moved this will alter the relationship of the midtarsal
joint. The mid tarsal joint is composed on two joints, being the talo-navicular and calcaneo-cuboid joint. The position
of the subtalar joint will have a direct effect on the mid tarsal joint. When the calcaneus is in an inverted position the
subtalar joint is supinated and the talus sits high on top of the calcaneus and the mid tarsal joint is locked and stable. As
the calcancus everts the talus begins to move in a medial and plantar direction. When the calcaneus moves into an
everted position the subtalar joint is pronated and the talus will be in a medial and plantar position. With the subtalar
joint in a pronated position, the mid tarsal joint is unlocked and allows for more movement to occur. When somebody
is standing with the foot in a pronated position due to the everted and plantar flex position of the talus you can often see
the head of the talus protruding medially as a bulge on the inner side of the foot as well as seeing a lowering of the
medial arch of the foot.

Gait Cycle

The gait cycle can be divided into stance and swing phase. We are mainly interested in what is happening when the
foot is on the ground during the stance phase of the gait cycle as it is abnormal motion during this period that can cause
problems. The stance phase can be further divided into various events being heel strike, forefoot loading, heel lift and
toe off. The period of time between when the heel strikes the ground and when body weight is transferred to the fore
foot is known as the contact period of the gait cycle and is when the shock of the impact of the foot striking the ground

- 17¢—
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Figure 1. Gait cycle
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Figure 2. Normal rearfoot motion during the stance phase of the gait cycle

has to be absorbed. The period of time between forefoot loading and when the heel lifts off the ground is known as mid
stance. The period of time from heel lift to when the toe lifts off the ground is known as the propulsive phase of the gait
cycle and is when the foot needs to be locked and stable.

During the contact period of the gait cycle the heel will strike the ground on the lateral border (Figure 2) During the
contact phase of the gait cycle the calcaneus will evert causing the subtalar joint to pronate and the leg to medially
rotate along with knee flexion. The action of subtalar joint pronation and knee flexion during the contact period of the
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gait cycle allow for shock absorption to occur. If inadequate subtalar joint pronation and knee flexion occur during the
contact period of gait cycle this will cause a significant increase in the shock transmitted to the body particularly during
running. As the subtalar joint is in a pronated position during the contact period of the gait cycle the mid tarsal joint
will be in an unlocked position. Following forefoot loading as the body moves forward over the foot during midstance,
the pelvis swings forward on the opposite leg which will effectively externally rotate the leg that is on the ground. Due
to the coupling of motion that occurs the subtalar joint will supinate and the calcaneus will invert. Subtalar joint
supination continues trough propulsion and will cause the mid tarsal joint to be locked so that the foot can function as a
rigid lever.

With every step we take the foot has to perform both as a shock absorber and as a rigid propulsive lever all within a
fraction of a second. It is the locking and unlocking of the midtarsal joint associated with subtalar joint supination and
pronation that assists these two functions. The foot and leg is quite an amazing piece of mechanical engineering when
you consider the demands that are put upon it. But like any mechanical system, if the various segments do not line up
correctly the system can break down. In a normal foot during the non weight bearing examination the forefoot should be
perpendicular to the heel(Figure 4). With a normally aligned foot you will have subtalar joint pronation occurring
during the contact phase of the gait cycle to allow for shock absorption with the foot resupinating during mid stance so
that the foot can function as a rigid lever to allow for normal propulsion which is at a time when the maximum power is

TA ALA dF A

Heel Forefoot Heel lift Toe oﬂ' Heel
Contact loading |—| Contact
wn
I Fore foot Valgus I
Ml“llf‘l:l:l-:-:-:--_nnE 4
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o P -

IFore foot Varus I

Figure 3. Rearfoot motion during the gait cycle.

To represent this diagrammatically (Figure 3) the x-axis represents subtalar joint motion. The Y axis represcnts the
subtalar joint neutral while above the line represents a supinated position of the subtalar joint and below the line
represents a pronated position of the subtalar joint. The solid line represents the position of the subtalar joint during the
gait cycle. This graph demonstrates how the subtalar joint moves through a pronated position during contact and
resupinating so that the midtarsal joint is in a locked stable position during propulsion.

There are quite a number of deformities that have an effect on biomechanical function of the foot and leg. I will
discuss two common deformities only. Forefoot varus is present when the subtalar joint is placed in a neutral position
non weight bearing and the alignment of the forefoot beneath the metatarsal heads is in an inverted position relative to
the rear foot (Figure 5). To compensate for this deformity during gait the subtalar joint will pronate and generally stay
in a pronated position throughout the stance phase. In graphical form, if we plot the position of the calcaneus during the
gait cycle you will see rapid pronation during the contact phase with no supination during propulsion. The mid tarsal
joint will remain in an unlocked mobile position. Due to the coupling of motion at the subtalar joint the leg will also
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Normal alignment Forefoot Varus Forefoot Valgus
(Figure 4) (Figure 5) (Figure 6)

remain in a medially rotated position. A foot that functions in a pronated position has the potential to generate quite a
number of injuries in an athlete.

A Forefoot valgus deformity is present when we examine the foot with the subtalar joint in a neutral position non
weight bearing and the alignment of the metatarsals beneath the forefoot is in an everted position relative to the rear
foot (Figure 6). In a person with a forefoot valgus during the contact period of the gait the foot will stay in an inverted
position throughout the gait cycle. The lack of subtalar joint pronation during the contact phase of the gait cycle means
the calcaneus does not evert and the midtarsal joint remains locked. Due to the coupling of motion at the subtalar joint
the leg will function in a laterally rotated position. This type of foot also has the potential to generate injuries as it is less
able to absorb shock, as well as being laterally unstable which can predispose to ankle sprains.

Orthotic Therapy

To compensate for these type of structural deformities we commonly used an orthotic device placed inside of the
shoe. There are many types of orthotic devices available today. These include pre-made orthotic devices which are
either a fixed shape or some which can be heated and moulded to the shape of the foot. Custom made orthotic devices
arc made either from a plaster cast impression of the foot or more recently, computer generated orthotics using a
CAD/CAM process. Custom made orthoses range from soft EVA rubber devices through to semi-rigid polypropylene
as well as rigid light weight carbon fibre orthotics. Orthotics which are designed to compensate for the structural foot
deformities will have wedges or posts placed beneath the orthotic device, depending on the deformity to help normalise
motion of the foot during the gait cycle. A fore foot varus post is placed medially while a fore foot valgus post is placed
laterally.

Figure 7.Pronated stance position due to Corrected position with orthotic forefoot varus deformity

Footwear

Footwear also has a significant affect on biomechanical function. With all the different choices available it is often
very confusing for an athlete when going into a shoe store to find out what is the most appropriate shoe for their foot
type. For an athlete who requires some control of abnormal foot function there are shoe with motion control features
which can help reduce down abnormal pronation. One of these features is a dual density midsole (Figure 8) which is a
shoe which has a soft rubber on the lateral side of the heel and harder rubber on the medial side. This will cushion the
impact at heel strike but also help reduce abnormal pronation during midstance and propulsion.
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Figure 8. Different types of dual density
mid sole showing high density rubber on
the medial side of the heel to help reduce
pronation at heel strike

Injuries

There are a large number of injuries in the lower extremity in which abnormal biomechanical function of the foot and
leg have a significant role to play but I will only discuss four commonly encountered injuries. They are Patellofemoral
maltracking, Shin Splints, Achilles tendonitis and Plantar Fasciitis. There are many other factors that generate these
types of injuries that also need to be considered during treatment but for the purpose of this paper I will discuss only the
biomechanical factors.

Patellofemoral Maltracking

The knee is a complex joint and is often injured during sport. One of the common chronic overuse injuries is anterior
knee pain as a result of patello-femoral maltracking. Common factors leading to patello-femoral maltracking are laxity
of the lateral patellar retinaculum, weakness of the vastus medialis obliques and illiotibial band tightness. All of these
factors can lead to the patellar tracking more laterally between the femoral condyles which can eventually lead to pain
and discomfort particularly with any bent knee type activity. If the foot and leg is normally aligned the pull of the
quadriceps from it’s origin to it’s insertion onto the tibial tubercle will allow the patellar to track in a normal alignment.
If the foot, however, is in a functionally pronated position during mid stance and propulsion at a time when it should be
cither neutral or supinated this will result in excessive internal rotation of the leg and cause the Qadriceps muscle to pull
at an angle increasing the Q angle and causing the patella to track more laterally. Patello-femoral maltracking as a
result of abnormal foot pronation is a good example of when you should be looking beyond the site of the injury as to
the potential cause.

Shin Splints

Shin splints is common diagnosis however an attempt should be made to diagnose the exact cause of shin pain. There
are three potential causes of shin pain. The most common being periostitis which is due to inflammation at the site of
attachment of the deep posterior muscles including the soleus, tibialis posterior, flexor digitorum longus and flexor
hallucis longus. Other causes of shin pain can be stress fractures or compartment syndrome. The exact cause of shin
splints can be a little bit difficult to diagnose at times because on occasions, the pain may be as a result of a combination
of one or other or possibly, all three pathologies. Abnormal biomechanical function has a significant role to play in the
development of periostitis. The deep posterior muscle group lie medial to the subtalar joint axis so as these muscles
contract, they will supinate the foot. Conversely as the foot pronates it will put more strain on these muscles. During the
gait cycle, if the foot pronates excessively, these muscles undergo a much more prolonged eccentric contraction which
will lead to excessive pulling away of the muscle origin from the periosteum surrounding the shin, resulting in
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inflammation and pain typically in that lower medial one third of the tibia. These muscles are generally put under much
more strain during the contact period of the gait cycle as they attempt to reduce down the rate of abnormal pronation
during the contact period. Orthotic devices can be used to reduce pronation during the contact period can greatly reduce
this strain.

Achilles Tendenitis

Achilles tendinitis is another problem commonly encountered in sports medicine. If we look at the collagen fibres
within the Achilles tendon, they are arranged in a spiral fashion. This gives the tendon additional strength much like the
twist of the fibres in a rope. At heel strike the calcaneus is inverted which will lead to some lateral bowing of the
Achilles tendon. If the foot is excessively pronated during mid stance and propulsion, calcaneal eversion will lead to
medial bowing of the Achilles tendon. In addition medial leg rotation will cause further twisting of the fibres within the
Achilles tendon which can have the effect of ringing out the tendon much like twisting a wet towel. This ringing out
effect can reduce the vascular supply to the middle of the tendon predisposing it to degenerative and inflammatory
changes. Chronic Achilles tendinitis can be a very difficult condition to manage however orthotic therapy in patients
showing abnormal biomechanics can be very effective in treating and helping prevent this condition from occurring.

Plantar fasciitis

Plantar fasciitis is one of the most common conditions that we see and can account for up to 15% of all adult new
patients that we see in our clinic. It fortunately, is one of the conditions that respond very well to biomechanicaly based
treatment. The plantar fascia originates on the plantar aspect of the heel and has some fibres which wrap around the
posterior aspect of the heel and are continuous with the Achilles tendon and inserts distally via five slips into each one
of the toes. The plantar fascia has an important biomechanical function due to the so called windlass mechanism.

During the propulsive phase of the gait cycle as the heel lifts up off from the ground the hallux and lesser toes are
dorsiflexed. Due 1o the attachment of the plantar fascia into the toes as they are doriflexed the plantar fascia becomes
tight which assists in resupinating the foot and raising the medial arch. Tightening of the plantar fascia will also cause
compression of the mid tarsal joint further adding to it’s stability during propulsion. The plantar fascia is like a bow
string. If the bow string helps maintain the curve in a bow but as the bow is flattened it will put a lot of tension on the
string. If the foot is excessively pronated during mid stance the medial longitudinal arch will become lower and create
excessive tension along the plantar fascia. The plantar fascia can become inflamed causing a pain in the arch of the foot,
or more commonly, it will become inflamed at it’s site of attachment on to the calcaneus causing heel pain. Excessive
tension on the plantar fascia over a prolonged period of time can result in spur formation at its attachment onto the
calcaneus. Not all patients with heel pain will have a heel spur shown on x-ray and conversely, some patient which have
heel spurs on x-ray do not have any pain so it is therefore not the spur which is causing the pain but generally due to
inflammation of the plantar fascia at it’s attachment. However spurs are generally indicative of chronic long term
excessive tension on the plantar fascia.

Efficacy of Orthotic Therapy

Orthoses have been used for a number of years now and have been the subject of many research studies to look at
their effect. Landorf and Keenan (1998) undertook an extensive literature review of all the research studies looking at
the efficacy of foot orthoses. They found that there was a significant amount of published research which generally
supported the use of orthoses however there were some studies which were either inconclusive or refuted their use.
During the literature review they found significant differences in the research in both the definition of what constituted
a functional orthotic device, the various methodologies used to look at the effectiveness of orthoses, the outcome

Outcome measure Result
Patient satisfaction High level
Pain & deformity + effect pain
Plantar pressure + effect, new area
Position & motion Rate & amount pronation
Muscle activity P<0.05, minimal research
Oxygen Consumption Negligible effect

Figure 9. Efficacy of foot Orthoses :What does the literature tell us
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measures used looking at the effectiveness of orthoses as well as the quality of the research. The authors sorted through
all of these research studies and grouped them according to the outcome measures used for looking at the efficacy of
foot orthoses(Figure 9).

Patient satisfaction surveys have shown that there is generally a higher level of satisfaction amongst patients using
orthoses. Orthoses also were shown to have a significant effect on the reduction of pain but a much lesser effect in the
reduction of deformity such as hallux valgus and hammer toes. A relatively new area of research has been in the
objective measurement of plantar pressure using various computerised gait analysis systems. Foot orthoses are found to
have a significant effect in the reduction and alteration in plantar pressures. 2 and 3 dimensional Kinematic motion
analysis systems have shown that orthoses have a significant effect in the rate and amount of subtalar joint pronation but
it’s effect on the kinematics at other joints is far less. Research studies that had investigated the effect of orthoses on
muscle activity had shown a statistically significant reduction in muscle activity however this is an area of orthotic
research which has not had a great deal of attention and so there are only a small number of research studies available.
There have been a few papers looking at the effective oxygen consumption to measure if orthoses can improve
mechanical efficiency. Orthoses were shown to have a positive effect but was offset by the additional weight of the
orthotic so the overall benefit was minimal.

Currently there is agreement around the world by clinicians and researchers that orthoses are beneficial in the
treatment of various foot and leg injuries. Whilst there are various theoretical models as to how the foot and leg
functions, the exact mechanisms by which orthoses function is still poorly understood. The assumption is that orthoses
work by realigning the skeletal foot posture, however towards the end of the last century, with the advent of
computerised gait analysis, recent research has shown that kinematic changes induced by orthoses are relatively small
or, in some instances, negligible. Some researchers consider that this is not significant enough for the large symptomatic
relief reported in the patient outcome studies so the question currently being asked by biomechanists and podiatrists is
there an alternative mechanism by which orthoses work? There have been a number of theories put forward and 1 will
discuss two of the most prominent theories at present, those being the sagittal plane facilitation model and the
neurophysiologic proprioceptive model.

Sagittal Plane Facilitation of Motion Model

The sagittal plane facilitation of motion model is a more fully developed theory that was first published by
Danenberg in 1993. In sagittal plane facilitation of motion model the foot is viewed as the pivotal site over which the
bodies mass moves forward during the stance phase of gait and it is the 1" metatarso-phalangeal joint which is the
primary site of this pivotal motion.
The theory is that for the foot to function efficiently during forward motion this requires the foot to establish it’s own
auto-supportive mechanisms at the time of maximal power generation which is the propulsive phase of the gait cycle.
Auto-support meaning that the foot can function in a locked position with a2 minimal amount of muscle effort during the
propulsive phase of the gait cycle. If there is any blocking of the sagittal plane motion, in particular, dorsiflexion of the
1* metatarso-phalangeal joint, this will lead to failure of the auto-supportive functions which will require additional

Figure 10. Failure of first metatarso - phallangeal. joint dorsiflexion and its effect. Dananberg 1993
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muscle effort as well as leading to compensatory motion at other sites. An example of this is if there is blockage of 1
metatarso-phalangeal joint dorsiflexion, this will lead to more forward flexion of the upper body as it pivots over the
foot during gait (Figure.10).

Sagittal plane facilitation of motion theory put forward by Danenberg has proposed that there are three auto-
supportive mechanisms.
1. The first of these mechanisms is the windlass effect which has been described as an imesistible arch raising
mechanism which supinates the foot and externally rotates the leg and is purely mechanical in nature. It is the
momentum of the body moving forward, which dorsiflexes the hallux and tightens the plantar fascia.

2. The second auto-supportive mechanism is what has been described as close packing of the calcanco-cuboid
joint and was put forward initially by anatomist, Bojen M@ller in 1979. As the plantar fascia tightens at heel
lift by way of the windlass effect, this causes compression of the calcanco-cuboid joint which further stabilises
the mid foot onto the rear foot.

3. The third auto-supportive mechanism is what is described as the truss and locking wedge effect. During
propulsion, as the heel lifts off the ground, and the foot becomes more vertical, this will lead to compression
strain, down through the bony segments of the foot. The compression strain will create more internal stability
within the joints of the foot.

1t should be noted that all three of these auto-supportive mechanisms rely on adequate dorsiflexion to occur at the 1%
metatarso-phalangeal joint. This has implications in the design of orthoses. Some orthotic devices will have wedging or
posts placed in such a way that it does not allow for plantar flexion of the 1% metatarsal. Due to the mechanics of the 1%
metatarso-phalangeal joint this can limit the amount of dorsiflexion during propulsion at this joint can prevent the foot
from establishing intemal stability. Danenberg proposed an orthotic design which allow for plantar flexion of the 1%
metatarsal which facilitates dorsiflexion of the 1% metatarso-phalangeal joint therefore facilitating the three auto-
supportive mechanisms (Figurel1).The kinetic wedge orthotic modification, as it is known, is now more frequently
being incorporated into orthotic therapy.

‘_%‘%ﬁm

Will not allow 1 # metatarsal ' Kinetic wedge
plantar flexion

Figure 11. Kintetic Wedge Modification

Neurophysiologic Proprioceptive Model

The neurophysiologic proprioceplive model .on foot function is a less well developed theory. The basis for the
neurophysiologic proprioceptive model is that proprioceptive input from joints and muscles along with input from
mechano-receptors within the sole of the foot provide sensory input to the central nervous system. This information is
analysed against the normal movement patterns we have leamt within the central nervous system to elicit a motor
response (Figurel2). We can modify the proprioceptive mechano-receptive input to the central nervous system by using
things such as footwear, taping and orthoses. In a paper recently published in the Journal of Clinical Biomechanics
entitled “The Effect of Foot Orthoses on Skeletal Motion During Normal Running”, the avthors noted that there are an
increasing amount of evidence in recent time that show minimal alteration in skeletal motion and alignment with
orthoses during running. In their particular study- they noted that there was too much individual variation in the
kinematic response to orthoses and speculated that orthotic effects during the stance phase of running may be
mechanical as well as proprioceptive. Dr Beno Nigg from The University of Calgary Biomechanics Department who
has been conducting quite a lot of research in- this area, in an article published within the Clinical Jounal of Sports
Medicine entitled “The Role of Impact Forces and Foot Pronation — A New Paradigm”, proposed a number of
theoretical constructs that research up to date has failed to consider. He has proposed that the skeleton has a preferred
path for any given movement task and that orthoses provide a signal input to alter muscle function, ideally to allow the
lower limb to follow it’s assumed preferred movement activity. He speculated that the orthoses that support this path
decrease muscle activity.
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Figure 12.

Summary

When considering and comparing the various theories on foot function they all revolve around mechanical efficiency
by decreasing the amount of muscle activity required. In Root theory this is through the Midtarsal joint locking
mechanism. In sagittal plane facilitation of motion model this is through the three Auto Supportive mechanisms. In the
neurophysiologic proprioceptive model proposed by Nigg support of the preferred path of movement to decrease
muscle activity. One of the common factors is that all three assume that if the foot and leg is supported in a normally
aligned position during running

Root theory has provided the model for orthotic therapy for the past 25 years within podiatry and other professions.
With the advent of computerised gait analysis, which has evolved since the development of Root theory, this has
challenged the validity of Root theory biomechanics but the clinical results that have been obtained using orthotic
therapy based on the Root theory, have been sufficiently good to confirm Root theory as a useful model of foot function.
Currently Root theory still predominates in the prescription foot orthoses with an increasing number of practitioners
beginning to use sagittal plane facilitation model of foot function. Most of the recent research has yet to be placed into a
clinically useful mode so the Root theory of biomechanics still provides the basis for the majority of orthotic therapy at
present.

It is my opinion that the biomechanical function of the foot is not can not be based purely on mechanical theory. It is
most probable that there is a combination of mechanisms occuring including neurophysiologic proprioceptive function.
I feel that a lot of the future research work looking at the effect of orthotic devices is to be directed in the neuromuscular
proprioceptive area as currently there has been little research to look at the alteration in muscle function with orthoses.
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LEFETOT, UK @) #RATEHE
p(Bi| 4) = ZP(F')'p(A | B) o1
ZP(BJ -p(A| B)

L0 Ed, DI E S EEToRL iV EER
NAB) #31 THBZ LEERMLT, Kz h3k,

i
p(3,14)=_3_=% (2-14)

l-1-0-
3

Wi
[

ELTREVET,

—#IZ, ARND, WD X FIZ2o0BETEITT
2, nBOBENRFET S L&, X (213) 2
BLAEBRAD L Hic®\< = LAk,

p(B:)- p(A| B:)
zpwa-pm&)

P(B:| 4) =

(2-15)

EXE—fRIZ, Bayes (~1 X) OEHELIFUET,
ZO X5 REFE, ‘b EdsfiEnE” &
P RS 37 ¢ 9 o ol /0] 1 S £ s} PV oy s ET Y s £ = N 4 o
DX I HFEREELRDS L X ET,

2. HETH

Bl Tk, FRETOFRPERT HHEBIZHVTH
BALE L7=2h HIET—# CliR4eT 598030 A 50E
HENEEHOESTESTHET, — iz, THiT
B £ S 12 F CHEER T T2, #EETERTZ
SICEVEVEWE L OERCT A I ENTEET,

=l 2L, oA vk —ERRfE L&, ROHAESE
1L, BOH2¥RE20LREL, ThThoOEXS
HeRx,

1 1
P(X-i)-? pX -0)-5 (2-16)
EEERLET, EXTHWEXE X X0V EE

TELHD1ENWSEERLEDBILELHIEHT, I~
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FRTDLFIMTICROTO LRDM L LR DANIME
FICL-TERT5 WERHLIFEZ LMDV ET) &
LEXFET, TITIOX ZHEEEM (random variable)
EREORET,

—HTIL, BERAICEEN U CHREE L AL 5B
EMBERLPATOET, RBRERI 1 S>OEET
LIHRET, aSXSb O LS IHEORHEE LB LY
HY, ZOLEOHEREE pasXs<b)LELET. X ®
& HIEMAEREOES C={XiX, * * * X HIZENSS
G TOEE pXEO) L HFEET,

(&)

A1, FOERE( ) OPTEEAATET OISR A
STLVET, A€B LEFRBIIAZBIZETNEILEE
BEL. Awithn B 73& SIAET,

e X 1 g, » X DX DI ETREUOER

HEEVIDEELTATOREEL Y 3 HEEHHY,

HELEGRHTEREER. T L REBAORETR L O
F. WE, BRI BERESRERTH Y xx, -
» EWInEOEEZLY IH5bDEL, EREILOD x
UAEDSFEAE T BT pX=x)p (=12 - + -n) &FL,
BT x, 8§t p 2 EoTRTDE, HEAEE 21

DOEHIRTZINRELNET,

0.45 i i ; SE—
o4 .‘:

0asf ]
oal __r; “_ N

o2s| % =
oz} { 5 ]

o1sf L .
M Fe

oost F F . N

[X2-1 BERHEREE ST

ZORIIAER x, #RETIHIHEREDL HiomH
LTWANERLTWADT, MRMNEREBES L
FENE T, SR TRLWTWADLL, BEREORERERES
O (envelope) ThY, MFAOREEEEFRK
ERLTCWHET, BEOURERERNY. ZoaiE#

(HEfeRsR) 37V Y (sampling) L7=bDEE
2B EHEET,

HEZH DROERORERER THAIEAITIX, £
BoEH x Ok L 5HRE pX=x)px) +&FHx, #
Ehiz x, FEhic p(x) 2R UEENSG x5 P 2-1 IORL
AN L., M22 L5 ET. ZHit,
HEAEREREEKEAE L TEY . ENEERESH
HHWTEICHEEFEEN S X ITIIRERE SR LT

BEHEE

163 3 A

0.45 —v—y
0.4

pla)

|

0.15
0.1
0.05

P T R TS I (S O S )

LI N LN A L B R R

2 3 a4 [ J———

22 WERmArRa

ZOXDIE, SR LZTHDIE, EERkDL D
I “ONERC FERL QDT
Fizhb, BRI OE AT,

Flx) = E o @17)

L ERREEST L0, AR EROEAT

Fey = [ plods d-18)

%, EREEES R LA TOET,
o, MEERERERD D OMBANOEY E H L &,

Xkan

prasXsx.n)= E p(x) (2-19)

DEITRDONFET, EHREMELAROBSIL, as
XS bicx LT,

plasX sb)=[ pax )

EROONET, ZTORERE 23 Oy FI L
ECEY LET,

1

0.2
0.15

Q.

L B i s B Po 0 BELEY SN BE

Ll o b o 1 o 1, L

0.05

L
x B

2 a 2 b

23 p@=X=b)

ELIZ, T TOESPEZSERII1ITHD &
o, EEERREREROSE TR LT,
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F(x)= 2 p(x)=1, 0= p(x)=l (2:21)
R OBAITIE
F(x)= _[: p(x)dx =1, 0 < p(x)=s1 (222)

BRMTHZLIIERTHLHY, TDOOTEERMET
T, ZOERNREEEZRAWAET T, ERaCHERE
WM T LhRET,

el X, ROV ankfict s, $TDA
DHBERBFELNETHIL %=1, %72, + +x76 &
LT, plx)piF - + «=plxp EFTD06, = (2
)&,

o (]
y px) = Zp =6p=l @23
LY, ThIVEED 1 >OBOHSHESE p it
1
P (2:24)

THE2r 660560 TH,

[7E%]

MAOHEZSHTEELLLY, Ehi-AORESFOAR. 2L
AL, BHEEHLOTHR M "BREERERNT (b 4
EBELTEEL, JITR WDODTATT A B GEREICE
EHTHEEET,

Fig. Ap-1 IZBW\WTdx=0 ok

p=px =X =x-+dx) Sp(x)dx

EEALNEOT. ThE

Zpi > [ p(x)dx

sEEFS, ERME(ImI) FRHIBHELEEIZOVTORLLE
BidSEEEBRL TS,

045
o4
Q.35
0.3
©.25
o2
.15
©.1

o P -
Ladal ol d a4 |

| Sl L L D B IR B

0.035

a

HEIRE

3. FH{E (BHE 98

S 2T, ERAOI LERR LTV T, b
BOAXEEAL BN WL ET, ZOEHETT—F
ONEEFT BT A=FD12TEH Y ET,
ZHIIRECREEES L OV O BRICHHOTL
rH7? BUOYA aoiR--FTELTAELL S,

D=, Y apk 1 ER-T-LE. 1OENRT
2& 1 FM, 2 oBFAHSE2EM - - -6 OEBHS
E6HRbHLAZBLDELET,

FIT, HBABL0ENA aaEifolbkO LD
RERHEE LET,

1,3,5,6,4,2,3,1,6,3

ZOANZEEEH IO bWBER LA EEL
BEWTLEHH? EEITEHE X X8z

j{—=1+3+5+6+4+2+3+1+6+3
10

LEHEL, FH3F4000MLBWLBXDTEAS L
M+ A5TLEY, T TLORERDOL DL LEE
PRTHET,

- 2 2 3 1

1 2
Tl g g Bt g s g i
0 " T 0 0T 0 162-20)

=3.4 (2:25)

TAELERT, HEZI3DBICEBRTHIL, 310 i

“3mBIX1 0EIZ3EIHAE" ZEEKLTEY, 30
BOHAWRFRLTWALEZ GRET, Jhitzo
WMEOF 1 B TR EHEEICRYT5L0T, 8
BROOTEE L RN, EEED 5 WVIEFEA oo &R
5 EIRERYOMBIOEI LBZONTVWET, Z0
HHIIABOZER L IR TWET, ZaucH L, U
(2-24) TRO-EREOL I, BB EEDENTVWHH
ErEBNEED D TEICER L EUERI L TVWE
T+, T, MU X BEHLTIAETORER LD
ZBHZENPFTEAEZRLCWHOTHIHFIE L M
U X =EX) & b#EET,

FITVE =1, %72 %6 & L. p=210,p;~2/10,
ps=310 + « ~pe210 LB/ &L X BERAD LS ITRT
il Hant? 3=

6
?-E(X)-Exr-p.- (2'27)

—fFZ, nfBOFT—F % (i=1,2 + *n) 2BETS

BERY p (i=1,2+ + *n) THhHLE, ZOF—FDFE
BAE D 3o X d ke,
E(X)-Ex.-p, (2-28)

Zhix, THEHR 2.1 X RBEEREESMELOT—
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FONEEHER R LTWEY, Fiz, R(2-18) 2w LT
(2-26) DL IIT

iz 1 L
X ':2"" (2-29)

& LTHREHT I WHEZ RN L RS LDV ET,
FCXDRBIHET, B 22 7T LI REkH
TERERERE p(x) BE5A BIVTW DS EOWIFFHER,

E(X)= J:: xp(x)dx 2-29)

eRENET,

2T, M apRRHIER (—EL T “BT(trial)”
EFESZ LY T, FHENEOILE Lot ER
OEFTIZBNTIE, YO BWEBENL “h T
WD ETTRELE I,

A anEFE-oLFEROLOIBES, Z0 T ©
KEITHEVMBEL LN OTIN, e A
BEL T ABREOERELZRAE L-Ha. RE2—AaiZ1
OEMELEE LT, FOFEHEN 3 6 CTThHhoatc s L
Th, “FhEEE 3 6 CRiEOERTH-7HE" L ‘W
113 5CK bW THIX3 8 CITB I Liihs L 572
A" LT, 20 “FhW OXkXxSOEOHIYRIROHIET
loRk& sy 5 2 CTRIRIZ AV £,

XTIV BEZT. VA auRTEROBATE
ATHELL I, 7| AROERET—F L LTHA
L, F#TCH- B0 6T 34 #EL5IWT 90
DI 6=%-EX) (1,2 - -10) ZRdFET, Z0#E
BEFETBLROEITRVET,

e=-24, e~=-04, e=16, e=26, &=06,
e=-04, e=-14, e=-24, e=26 er-04

DXl “Th oZLzEE ( x WEEERD
L REAIRERER C LY LFFUET,

LT AT e, DEHEIL, MHEOYD x OFSEE 4=
E(X) &EF&, e ORMEEEHIIINHFELRTE LIBRIL,
OO IZ VD TARIF E 2AVRNWTEDEE ¢ %
AT,

1 10 1 10 1 10
E = —— = — § — = — -
=15 2° IOZ(A: W= 2K
=p-pu=0 (2-30)

BT, MR = L ) LRSI VO T (EEREID)
“O7 LAz x4, Thabh, ZOX ) REEOEHHE
EFROTHT—HBLEDL SV “RTDNTWHED” 7
YO EITmS = e BHEFERA, TZT, =
hERIEEL LT, E#EENTIAR, A4 TATHEER
ENRNI I LIREED 2 ROVSEE, 5—F DI

HEWE

HOED “EAVY ERTOIAWVWET, $72bb,

10

R SR 2 31
E(e®) 10'_6--102& w)? =304 (231

HANE, 2FETHIUTTNTTZRTRADT,
10
E(e*)= E(x, -u)’p;

2.2 2,3 2 1
=24 S (04 T4 0.6)

2 1 1
2.6)% - = 4 (0.6)F —+(1.4)% - —=3.04
+@6) g+ 06 o+ D745

LLTTF—FDRTOED BV ZRLET,
a9 ( variance) &FELR, V(X) LEEXET,
—T, HEBVOOIRRD L S IcEELET,

v(x) = E{X - B(X)? | 2-32)

XL FAEBLTERDEIKAVEIEES) 34,
V(X)) = E{[r2 —2XE(X)+E(X)? J'
= Ef? -2E(X)? + E(X)* |
= E(X)* -E(X)*
BT, BEOREROROBE, T ¥ O¥ckn L

L
V(X)= Z:(x, W = ’Z- : X -u (2-34)

- 2(11 - F)2 P

DESTETET,
EERERSROEE D, N (2-29) 2 u L BITIE
WD X HizFTZ EAHEET,

(2-33)

(2-35)

¥ = [ G-’ pl)ds (2-36)
- [ pde-p? 237)

L AT, ZO4EE 2 ROV 2 EO0T, BT (K
7o) EEAZBEDIC, GROEFRERDT, T4
() oMLY FERITEBFEE LTAVWS I LD
0 ET, ZhiEHER2E (standard deviation) &FFUX, &
DroTELET,

o =V(X) (2-38)
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4. Excel Ik BFHE - HH# - IREREDOHH
—FM1—

ST, PLERMICRZDIBEE LEOTEMZLY,
RCCEREREOM AR~ THEL L 2,
DNWTIZRTROY A anofichnd Lo, 2FED
HEA VRSB D HANTEAFAEEIC - T
L7=®DT, ZZTiX Excel ZAWT, ZhboDfEi%ER
HTHET, L. ZOBTIRWAWARHEFEZ
T, WHLA2 Excel BB 2 A LEBAERL
7, ZABDMEE Excel BEEF AV THEHEERD S, L
D SRR F BRI TR<ET, 2P TH Excel O
HREBROHDANIZOMEAF T LTHINEEN
7.

W, ZABHE A BLUB offE (@EvE) & 10 [E
BIELEGROL I GHERBAGNEE LET,

FHEA :125,116,121,119,126,124,118,115,120,126
BB - 135,105,141,102,156,114, 98,108,150,101

F4°, Excel #35 HF T, EOF—FZ2AHLTH
%7, E24 @ Al~Al0 & BI~BI0 BAHLIHFER

mzﬂmmmamm’-m 70 mmum

Dsiﬂ l&?ixb_

5

PR S I T N T R R BT
o 125 145 4 24 18 576
20 e 85 = - 2567,
ED 121 141 0 20 o 40
FE 118 102 2 -8 4 3l
B 128 156/ 5 35 25 1225
(R 124 114, 3 -1 9 48
E 5 118 o8 -3 =23 5, 528
8 | 115 108, -6 -13 36 168
8 | 120 150, -1 20 1 841
] 1z o 5 20 4
11

12 121 121 15 5228
ET 3872683 2286045
14

[ 2-4 Excel _FCOEE

EITFT, ROX 5 HFIETHEREEFED ThE

=7

OELHE E(X) 23T 5

@F —Z ML EEHEEZZE LG |WREDT —7( e=x-
E(X)) #1ErkT 5,

@ (=12 ¢+ +10) 2 FT7TELTHD,

@i L iEEEEA DD,

O EHE E)DEHE

BN A2 220 w7 L, FOWRETH—Y
EV—AA—0 LB ESETIY v LET, T5
LRIE (RAE—EEREFHZ Vold, Nol p43 ) &

BLELIICHE 12 O L3R5 A Tal/BBhETOT,

BIMOMT [§EET) . BI%E T TAVERAGE) %@

WU, 27V o2 LET ( Excel Tix, ¥FBE%R
[AVERAGE| (BHfEHOEWK) &\ 5 ETHAL
1) . £ITHE, RiEIFERR (RR—VEERET
BfZ% Vol4, Nol p#4 @[ 1-3) ¥fEREELIEET 551
TaZRy s AREN, $E10EZAIZ ALAI0 ZA
ALT (BESBL AL:ALL 2o TWDHEBNETH,
FOHEERINEZEELET) [ [OKIZZ7 ) v 735
LEAddiz, [=AVERAGE(AL:AL0)) 2SAAEh,
FEERFIZ B/ AL2 (CEEHEEHE LR 121 285
NTWET, BI2 IZHLTHRRIZTS & FEHED—
BHoLTHLOhET, ZOBERIODNHEHICEE A
LEMEB LE CEIETHH Z LB =T,
@ {REOT—F(e=x-E(X)) Z1Ek

Wiz, Bt A BEU B O A ES b ORZED
T—FEEDET, T, £ DI I [=A1-8A%12)
EAA LT, Enter $—%F & (h—Y% 8t
DEIA~FFITWELEZ Y7 LThEW) | DI &
{RZE o=~ PMHEHEEINATWAZ LA bMVES, ZZT
DI 7V o/ LTRBIRLI-RETC a— by b o X
— GeHC (=) 2WMLFET (RAFR—VBEREE
% Vol4,Nol p48 M) . 5l&#Ex. D2225DI0 £
TESDATKZ oL, §EiEya— by b - F—
CcrlvV  BEV ) E2FLET (AR—VBEREE
HH%E Vol4, Nol pd8 B) &, InF—BZL TR
D OREDT—45 ( e~e) BEBNET,

Zze, TA12] OfRDYVIC 1$A312) &L DI,
BIERREE L=k 9. —okroRE (FEE) 2%
BEELTa—3512HTT,

@ REDYZ7ET

Q@THE U ERE->BE A & B OlEMREN S
SN0 T, ST EEITE Y ZOREE ST 7T
TEDORNEFHTHEL L I,

F7° Dl 225 EI0 FTE-URATKI v/ LTGBIRL
F4, WY — N —DEDON RS S TOT A ay
7 Vo7 LET (A=a—0fFfA] - [H] - [7F77]T
VY <‘_-I25 @ﬁ%?na”fv&z#tﬁ't’e“id‘

Iz-s 9’77-74’*)*-— Fm%rj’na’zt*/flz(l)
ZTIIHMICERED () 2BOFET GFATE
L‘,‘cwéwar&:ﬁ?‘z&m\‘ca'm ZEVY , [E~]
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BTV ITBLOEDSFTIAP—FDFAL Ty
Ry 7 ARTTEETOTT—F ORPBERHER L TR
DETEBELFA TRy AEE 2-6 DL DHIZ
e ET,

zaus (@

i
aa

=
-3
(&

| et | <ERE® r' _- r® |
K26 77704 P — FOFA Taly s A2
FIT. BOLIHIT, FBFI1 02 ZBMEA LB I
FBERELT, WICERET, SERE 2-7T DL572
FATaZEy I RATEBDT, ZZTHA bxl
By BIOARTZEX AL TS, ek, B
A 7 5ETI%2 2V v 7 TuEREmMIicE 2-8 ok
AT REOTTZ 7" BELIET,

ZOED BB LI, BEA BB LTI T
EHEAR U2 O EDOEBOH S BEE CRE B
AL ET,

@27 77704 F—FDFATur Ry 7 A(3)

ET, ZOLIIREORVERLMIZTH7=0IZ,
— 2 ZOX 5 IEFRTA0IEETINE, K2, 0
&I REBOKE S EFRTHIRL L TOHBOEERZE
TRODTHBZEIZLET,

@B LRBREELRDD

=9, B A BLUB [T BIRED 2FOT—5 %
FHAETENL FISNFIO & GI~GI0 ITfERLET, B
BlciEEOT—2 %20 D FIE EFIC/fEofz b &

L £ ok

[(K2-8 (REDY 77

LERIZ, B F1 I [HA1-SASI2)*(A1-$AS12)] &A
AL, R2~F10 iz=—LE 7, G FlicbEHRICHHE B
DREO2ROT—F2EVET (24 B8H) . K
Z, BAFI2 27U v L, FHEEZRDELELEAE
Bl LT, [=AVERAGEFIFI10)] ZAHLET, Zh
F—4 0 2 REEE R AWBEAZBEE L TVWET,
A G2 IR LTHLRILE S LET, 75, BiE
A BB OH0E 24 X5z, EAF12 & GI2
ITENFN IS & 5226 L LTHEBNET,
EEEIISHMOEFBERD S ZITROT, V—
N—OBERBBATH LV DTS, EAFI3 &£ GI3
IZFNFh =SQRT(F12)] BXTF [=SQRT(G12)} & A
FHuiE 24 DX 5 IREEEIB SN TRET T

5. Excel [C&kDFHYE - H#k - IRERZOHL
—TND2—

AIAACiE, WREA Excel BA%E{E 5 ME £ T,
FHRZGE Y I ECE RS2 RO A A% Excel b
TAToTEE L7535, Excel TR LIEEEELHE
ROHEENHE Sh TWET, Excel TEZ AT
EhhTEL, &ICHER - HRHCBET AFEET o2
HOBEMITIZE ACBRLTVWAS L V- THLBETED

0 ¥EHA, ZORMEORLIE, FOTATEMFERT
LHbTITidE Y AN, HELLTTESETEL
O > TR EBoTWET, B9 ETHEL
BEEEE 5 7= DI T ORI GHE) BEREH-TWVWS
ZENBEHRIZE Y ST OT FE O bNEITELT,
HOEME BB ENA - L eBE LET, Excel @
B T AR L - E L Ao ®EICHB L 5T,

&, Excel Tid, V%R 58405 AVERAGE
Tk 91z, 4r#iE VARP(€VARiance Proper), 15
#E{F 13 STDEVP(€STandard DEViation Proper) & & 9
B TE LIk bNET,

BARENTIE, TEER L OMmonA A 2B L Fikk
i2, IO X HIC, Excel ® sheet ETHWET, 722k,
BERFT— 7 EHIAAD L THELSERHV EF, ZZ
TiE, T—Z PR &R EMZAS L CTHDL D L
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LE+, W, B A & B OO LEREFEEZZNL
Fh Al3 & BI3 BXU A4 & B4 (ZBEHTLD
ELETE, REXTAL DX

Al3 : =VARP(ALI:A10) —— “A13:[ZANTREL"
AR

Al4 : =STDEVP(A1:A10)

B13 : =VARP(B1:B10)

Bl4 : =STDEVP(BI:B10)
EASTHIE, W29 OEII—RIZLTERERD
S EERENSBONET,

[ B e PrLO- @)
IDSHEJ_‘B?IthQI“V_E__u ,,}ﬁ"l&lﬁtﬂ "!J_
Imw-wmanomv-mmmmm

a4 -] »| =STDEVP(B! B10)

2]
3

5. 128 156

0 | 124 114
| 7 | 118 88,

8] 115 108

8 120 150

10 128 101
Ly :

12 | !
113 15 52286
| 14| 3872083 2280045
2-9 Sy ARNERZEO R

(=]

Excel OBMTIE, FILHHMLIBLERTE VARP & STDEVP 12
17T <, VAR BLUSIDEV H$HYUET, PPropeyD DML
WL, F—ID 1 4OBEN SLEORSFRENT AL 570 EX
£, EEFMYEELGE CHOMCRERESHRT S L SICAVET.
f=& &L, SRDEVP I3 T—5 0% n, TH@ZEp & LT,

V(X)-%)_“(n'-m’

AT DOIZALDDIZHR LT, STDEV I,
1 X 2
VX) = — E(xi-,u)

FHRTHOIZEVET, POMHVELVERIERLSIESICOLT
1. WS BERTSFETT.

T, @29 L EBM A OB 3872983 DL
NUNEELLT 6 b RRSNTOET, ABRE 2 i
ETREFTAHITIE. %ikkL (ZIZ T Al4) 2R
LT=URE2E27 ) vl 38 ¢, Ama—RBFREINE0
T, EORPYPS[ENMOBAREIZBRLET, £5
TAHEE2-10 DEH KA TalRy s ZARENET,

Wiz Ficie B AT A F 7 O[T EE] 28N
F EOUINEELAT OH ) OMIiC 2 # AN LIOK] R
ERT L [FrIAICRERTWA LS I, NI
IHTCEHBRGIC ISR ASNT, 387 LRRENET,

K 2-10 EADEFRGLE

L AT, —MT, T— 2 OFEHERH B, T—F
PiFE->STWAIHEARANRETHETHY ., HEHE
( statistics ) FEERZ LA3H D E4, HEHFETIT,
F—=EOTATOESEZBHEMEFES, TOFNHLH
FREHL Dt L7 — & OESEEARLEVER LT
1, OB 5By Y EAMITIE
BEAOEE L5 T2T) ZRHLUTHITRLFEAT
BY ., BEAOHIHES O EHOMREEET I LD
SHgA Lo TnET, UL, bhvbhaiEs 57—
Fix, 12EAFOHAERIH AT —F ORAR (B4
H) »eF0O—#ZRELTHNLOTHLAZ &H
5, EARICHYT B T-DEVEET, 7% OFEHHER
S PR LIERZ LAY £,

6. HEhHYIC

LSEIOHRFIIVIBTLIZTL L 952  Excel Off
W T, SCECHRIAT A L, THRICBAITET 31
LELARY, AV L COBMENSMEES ICRLET
B3, BRAAED IC—EARLTADE, TOOHTHEMT,
IFEAER=TRTH— L8, 70 v 357
e LA Z EMbhina Tt =& BiuvES,

AT, T2 EHROBE. BEREOT—FERSLL
FHRERVWD T, TF—F ONHEREROCE55E
THEEHEREREL SR T LI ET, Ll B
BRSNS R T 7 LY
DEEZJZZLIZEY T—F OFRFEEET HT-DIZ,
BETOD L5 0 bR X VTR 255
N, HLERAARTHHBELHY T,

KETIE, SEHSBIETE Rho e ANARHER
SR OVWT, T LTHRIZGERED T FETT,

BE 3R

1) AIEIDEE 30
2) A Papoulis : Probability Pandom Variable,and, and Stochastic Processes
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% 4B HAAR—VBEREFIREHAIRL

m¥ I (Emailsenhorii@nifty.ne jp)

1. FLBIC

FERTOE 3ERE (KIRESBEXT) 126, BV
B REICL &Y, FFES (2F) K23, F28
HRELTLRBEWLOTHEAREBEZMZ E L, HlER
D10 BOHABEEOLETHS, 26 AL 27 BBk
Sh, LEENTVWEREBRE BN Z Lidel,
EoFRBMINEZ S, RAEBEELWRD T
L

BRIz BT - TiE,. FREREDSARZ BiFER,
EREHRIFEEZ I LHRAKEDEZL OF 4« O THFEIC
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