ISSN 1340—8577

Japanese Journal of

HAERARAR~ E %%"E;ﬁ

Vol.28 No.3

NOVEMBER 2008

BAREE HAEBEAFE A R—YESS JPN. J. ORTHOP. SPORTS MED.




Japanese Journal of

ORTHOPAEDIC
SPORTS







H X

<(Bf) BRZ KR —ViaBREFZMREZEIR >

1.

TJWITRALTHLOCITT7ONL TBEICH TS, ARSI DENREREAT
Kinematic Analysis of Golf Swing and Stationary Cycling in Total Knee Arthroplasty
M RFREREFFIRRERA B3 BuZhe 1

<(81) BARR KR —ViaEEFMEZBIN >

2.

BB O ATHIED 1 L2 —F LA EL I A MNIRIZTHE
EAR ERWHE
Effect of Rotator Cuff Muscle Imbalance on Internal Impingement :
A Cadaveric Study
KIRERRFRAREERE S0 B 7

tHARNLENEER £ BT 5RFERFICH LBEEM ETE o220
Case Report : Osteosynthesis of the Avulsion Fragment of Humeral Medial Condyle
in Two 14—-year—old Baseball Pitchers

BB 5 9 e AR AL R ITH g densmsns 10

A+ F 80 B 2T E O £ 1 B DR RFaVARET
A Study on Recovery of Muscle Strength after Anterior Cruciate Ligament
Reconstruction

H A< 80 5 955 e B2 04 A R E Apeeeeeee 15

REBRICH T DEAAHEERFD XARERICLDEET 74 X2 b
Vertebral Alignment on X—ray Examination of Step Movement in Kendo Practitioners
3 N SIAAY R ) TF—2arE .
B <SRBI 2077 gt e
KBEE K5 KB A K — 2 B skt
—MEERETF (CE U - KIAEHE TERO 2 fE)
— Endobutton Z R L =% L LWBREE—
New Reconstruction Technique using Endobutton for Pectoralis Major Rupture in
Elite Judo Players : 2 Cases Report
Rl R AR RN E I I e 26



10.

11.

12.

&5 $HRIEIAY F3 Rockwood type V (23t L TRRINMET > A — % & L 7= Phemister
BEDREKIR
Postoperative Results of Acute Rockwood Type Five Dislocation of the
Acromioclavicular Joint using Absorbable Anchor

il KFRF TN AR BEINF HE 1 I 3= | F &/ ALLLEELE 32

SENEEF ICRE L -FRERED 14l
Hook of Hamate Fracture from Bayonet Martial Art . A Case Report
INRIRBEETENEL - AR—VEFEy—  JIF BN 36

Late Cocking Test : FRTAAIEIRIEIFEE D L WERBFEET X b
The Late Cocking Test : A New Provocative Maneuver for Elbow Medial Collateral
Ligament Injury

KRERRFERIIEHE S AT e 40

BB RGAIRRAE (A U - REE MR OFRBITEE TR
The Subcutaneous Rupture of the Extensor Pollicis Longus Tendon in Trainees of a
Motorboat Race School

337 TREERAE HE BRI 44

FHE I RIC L 2 BEMRAARLEEICH T 2 ERTFREOIR—VER
Post-operative Sports Activity of Arthroscopic Stabilization for Traumatic Anterior
Glenohumeral Instability associated with a Capsular Tear

AR FEED ) N E Y 7 — 2 3 YRk BRI R B REFIZAeeeeeee 48

Influence of Vibration Exercise on the Effect of Muscle Strengthening and
Balance Training in the Frail Elderly
SEEICH T SIRBRAEE I FHNBRIEE L UONT 2 IFROBRICRIETE
I S EEHEH R ISR FIGALE Apeveeeeees 52



HABEAF AR -V EFZ MR RRHRT

1992 £ 10 B & V@A
1998 F£ 9 B—EfKiE
2000 £ 4 A—ERNIE
2005 & 11 B —&BeRiE

;FVE I:l'l?.‘ 0) :FIJ

4T 4.
M1 AR ET L L, £ 1R EZOBRIZEITT 5.

0 0 3 MM ERREER L BB 2 2 L2 HEA L 5%, 13210 Al Gk, £3HE2E8) 2004
WY 5.

d'(i[ Aﬁif li‘}ll;u&?é

=L DT

FMESOWENIRE T ARUCHE Y, MWEIH F TICiERT 5
FWEARTRIG L, FWMESKRTHRENE LT6 » HUAIZ, FH5RD TIZENT 5.
H %R IR 5. G0 iR TIEMN T 5.

trnuuL T 5.

FTEEBLIOLEE L, BABEHBRAR-VEFEZOEZET a‘f) L&
PCHAE il L7255 30 c W B & 3l ¢

72720, FREMEFMIILVIEAETYH, METBAOAE
5.

MR ARFE L, HHEEG IR EEDODLDOTHAL L 45, MgEIcBHE L0, FE3KFmTOL DI
SZHL Vv, HRBRE A FE— v EFAMEEICEREOMR L OEER, MENOERIIHEELZRSOF T2 ET
5.

ﬁ%f&%i‘ﬁﬁé”ﬁﬁ“u ALY UEXEEEETLEZLOTHLZ L. FEMICOWTIZRHEEOHERIH
e e UEFHE IR ENEERBIIBITAEE T ITANY —R#E T A58 |2 EFT 52 k.

X OFRBIImETESTHRET 5.

FHTESDHERICONT
JFHIE LTRISLE§ 5
WEAROBRIZZ- T, REEEH800FLL 1200 7LD L EERT 5.
PWEIERIE LT, HY, Kk, #R, B, #EONICRERERT 2.
Y, K%, g, ¥—7— F@EUNEFTRLAIL, ®LTRHET A,
HFEE2MEUANEL, RRTWEIBET 5.



1. MR

FiESHERRN, BHHEER SCL_ W

L CAABS) HIOHKIZTY) v ¥ —2HWTHIFET A, HRKOELAICKETREAT E > T, 117209 X

2017=4007% b > T 1 LT 5.

ERIEBLTIE, 7FAMERTHRELLZ 7O E—F 1 A7, CDREDREFEAT 1 7 2 IRE

THIENET L.

K ()54 P LR=
a. OB (FEHEL)
L EEL, LEFR (6 LN R, 50 057%)
. FrlE (Fnseffae)
L F =T = FE@MEUN, fFEvFRTH )
ARG (K4, ﬁm b
f. BIRIAER(REX)
2 EF (30052 LL It]

o B e o

*ZEIE, FAlE LTIFREOEM, ik, #RBIUHGRERET L. Ghl, #HIIonT

IEZORY TldZwv)
(34 B & O3k

* AL, FAE LTHE (RO BB), Hik, #R, %, EROICERT 2. Geid,

HIZOWTIEZORY Tldzw)
(1) - F(HDETI0ELA)

* [ - KB L UOHEOFHI LI L TERT 5.
(5 HE 4

¥ LEFELHEBORMEL RN 5.

YA

AL
e

BB ERE LT, AL, XMBIUR - KT22HLUANLE T2 (REZBER?EO L5613 LE% 40

ETHIENTEL, 2L LEOBEIIED V). BEEICOVWTIZ11I28BT22 L.
*X - RIT1TEL 1 EEz 5.

2. |XEGX B AAHoORKIZ, 7Yy —%H, EGIIATEAAZ L > TERT A, 1 BUI3BITLUAE L,

1BHET 5.

BRICEBLTE, 7FAMNERXTRELZ 7Oy E—F1 A7, CDREDREFEAT1 7 2iRH

TEZENEE LV,

TE . ()Fy M4 P R=Y
. LD (FIEGERD)
L EFEEY, FEEA 6 BUN) FIREED)
AR
F—17— F QLA
. EEE (K4, P, &)
BRI AL E (REX)
LS’C% i (abstract) (150 words LLIA)
*EEICIE, RHIE LT RD, FiE #RERBLOHEwmEiikT 5.
(3A LB L Ok
*¥ A0, FHANE UCHE (WIEo BRY), ik, #E, £, HEOMHI/ERT 5.
4K - £(HHETI0HLA)
¥ - £B L UOREOHPE LT HE L TERT 5.
(IR %4
* PEEAPERE L TARKBEDEL B L O EELHOKBEL 2R/ TT 5.

V]

'—vs(DD-OO"

Mo EHIE LT, AL, UMBLIUOK - £KT22HUNET L. REZBEROLEE1E EIR% 40

METHIENTEDL, FRULOEBIZED W)
B WTIR11 28852 L.
*[X - FIT1IEZ 1 EHZS.



3.

10.

11.

12

A &
O HET, MirkorvEHvi.
O£l HIFE I, [EEFHERL (H AR SM), [P HRRE ] (AR RFRM) 1216 .

O IO TIIEMNET A, EEHEMIL, CGSHAIT, mm, cm, m, km, kg, cc, m? dl, kcal, F%{f
M3 5.
O [EA YL, Fi Ty 5.

XEOEA

O CHKOBIY, AL FE I - ROBIIIATRE SO 20MEENLT 5.
® CEkiz, EMN - ESZMDTFIHIERIZETT 5.

oAb |HfETICI:, BHESEMH L THET 5.

X DR &

O WL DT | Hg L OEEIL, Fo 1 LTI TR TICEE M L, HaE% OMFRIZOCHERE Tl Index Medicus
IZBE, MIXOBEICRER2BHE NS, FEVEHOL FREHZFOAT, KFHAZeta T, EIDL
LY.

(VM3 S (e $5) E, kR, B R—7, B4
7 21X
OO A © FEERREERE o b g SR 2Z—MRI & BF ST A OB —. BAREEE, 19 [ 260-264, 1999.
Stannard JP et al ; Rupture of the triceps tendon associated with steroid injections. Am J Sports Med, 21 . 482 -485,
1993.

QEfTHIIEZL (M2 ELETH) | B4, M, BITEGLD, Bt X—7, BITHE.

il 2 &
Depalma AF : Surgery of the shoulder. 4th ed. JB Lippincott Co, Philadelphia : 350 -360, 1975.

BMATENEIEZZ(WME%ETH) (HL. In . WEBRI-IEBER(HELELT ), ed. EXW, BITA
(1), FitHh . =—, FAITE.

FaE
Caborn DNM et al : Running. In : Fu FH, ed. Sports Injuries. Williams & Wilkins, Baltiomore : 565 -568, 1994.

X -« FKICDOWT

O[] - FIZTNTALY, FAIXBSHORLIZERF 23T 2. 2BKM - ROFHXLDL 7)) » ¥ —THIFT 2
k. IATOAMMINIK - RO AR & AEE THRRT 5.

Oz ZDFT TR TEL LI IZIEHE, HHAELOZEHL, XHEEEEMETEIaE—FRMICOMBEE LD
DERFT 5.

O5E:, THTF/AZIEF v AL LEBHETEL, EMICHIPHZUTAINERS L KIWEHL, AIZEAL
RTVE I T 5.

BREREICIE, AERICIE—FER2B(N-RE2E&0) 2 RARETE. 709 E-—FTA A7 2/ T2560, KK
MBIUIE—FR2H (- £2E50) L TIEHT 5.

DRI FEZIIT) . RERITERH IS EA & EHELFETEETS.

. MEFBRREFO 2, HXTORE, THRALEAEFIEAFEEZ[/LIL L LIBET AN HS. T,

ETHNBIIOWTBEAYETALNIE, IAL 22 TEEHELY KD S,
SRR, EHIL B

BEENE, BID EA) 6EH (54 P R—J L A00FEDFRAMK2HTIZIZ6 HLEA25)ETEEALT S, @B
T AT EREZDIBINT 5.

MRER T 2 EREHET 5. HLTLHREE, ZRIEY 4 MR- JICREET 5. HIENE, B
K BURCEMARICENT 5.



[TEBIEE 2 ECEFRAXRVERTRSERICH TS
BET 74N —REICET 2154t

PR ET 2ICBEL THRED 7 74 Ny —(RBIREHEICRO SN2 ERAEETH L. —H, EXHECEL
THEGIBE 1 F PR - EROMESICEHBL TE T D, HROMEE, WHikom LIcHEREAREL AL ThD, Edh
X2\ IE¥E - PRDICEB O THRRINZIEFRE TIZ, BEDBEOEBRDLEMARICET 2B THIN S
ZEDEG, ZOBE, TIANY—REBICEEL, BEPBREINAVEIEEL TSRS L,

DIT AR A 2 a2 Ic B O TERIRE Nk, EFIBE 2 S0 EER - F2MER BT 2 2MiFKERIBLT
DBET A4 Ny — R T 258 TH 3.

1) BEEAOREARALRKSA, ABRES, A= v L ERRER4IFEHRL 2w,

2) HBBEDETIXEEL 2,
AL, REOREGIHIIFEF G T 2H5ERKBETICPEL TRWMT 2 2 20 L T2 (#2315, fiE
itz &),

3) HfNZ, HKFEHEZMS ETHEERZZENEHVLDT, AV ECEALEAWN SN 2BAIIENE T2
#HLTLuw,

4) OEHEBHMNNZHG T2 2 LICk ) BEDRE I NG 254, SHEAIEEERL 20,

5) BEICflfiZe & Tl - A2 ZIT TR B5A, ZOMERS S CICHi{ELZ iR L 2w,
HL, MABE#EL ETHREETCORBS A ROBEGIZZOR Y TldZ .

6) B EZIRT 2BCIEHEZRT. IREROSEE, EEErbd» 650 E S RROADIEAGEE T3,

7) MBI ZRETE B4, HIE, EERERICEENEHFS L EIREIRT 3.

8) ULEDREZ L COADREN SN2 WHNEDH 254013, RFEICHT 2 MEE2 BEHY (2 72 38 mE R

N, MRTIIRER) D 51920, MEEASDORRZHB 2,
9) BUEMHEESLE N/ L - BIETRT 2 EFARETIETE M2 A - BE TR BT 5 fBEsH G
A, ARG EE R OFRRPERS) CFR 13 £ 3 H 29 H) Ic X 2 BE 23851 3.
VR 16 £ 4 H6 H
SR g s
(HABHBIA R — v EE2 PR 17 4 8 H 20 HAHEF)

WEREY &
BARZHEAB IR - VEFEEER RET

T 106-0046 RREEEXITAATI3-1-38 4B
BERES# X LMK

TEL 03-3401-6511 FAX 03-3401-6526

REZES (2008 EE)
OWT &z
OxAfx B— #HH & —F BX H#HLIE H2
Al —& BR E— X Mt FEE £
= B8 SEFE Bf Gl FE 0 =@ BE
(OHLEE OFER)



Instructions to Authors

Submissions

Please submit three complete sets of each manuscript (one original and 2 duplicates) with
tables, illustrations, and photos, in English, and floppy disc. Authors whose mother tongue is not
English should seek the assistance of a colleague who is a native English speaker and familiar
with the field of the work. Manuscripts must be typed double-spaced (not 1.5) with wide mar-
gins on A4 (approx. 210 X 297 mm) paper. The manuscript parts should be ordered : title page,
abstract, text, acknowledgements, references, tables, figure legends, and figures. Standard
abbreviations and units should be used. Define abbreviations at first appearance in the text, fig-
ure legends, and tables, and avoid their use in the title and abstract. Use generic names of drugs
and chemicals. Manuscripts of accepted articles will not be returned. The editors may revise
submitted manuscripts without any notice prior to publication.
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The title page of each manuscript should contain a title (no abbreviation should be used),
full name of the authors (within 7 authors), complete street address of the department and
institution where the work was done, keywords (3) and the name and address of the corre-
sponding author, including telephone and fax number.

The abstract is to be one paragraph of up to 150 words giving the factual essence of the arti-
cle.

The text and references should not exceed 40 double-spaced pages. The number of figures
and tables together should be limited to 10. The text should follow the sequence : Purpose
of the Study, Methods, Results, Discussion and Conclusion.

References should be limited to 20. When there are co-authors, please type “et al” after the
author’s name. The list of references should be arranged in order of appearance and should
be numbered in superscript numbers. Abbreviations of journal names must conform to
those used in Index Medicus. The style and punctuation of the references follow the format
illustrated in the following examples :

Journal article

Kavanagh BF et al : Charnley total hip arthroplasty with cement. J Bone Joint Surg, 71-A :
1496-1503, 1989.

Chapter in book

Hahn JF et al : Low back pain in children. In : Hardy RW Jr, ed. Lumbar Disc Disease.
Raven Press, New York : 217-228, 1982.

Book

Depalma AF : Surgery of the shoulder. 4th ed. JB Lippincott Co, Philadelphia : 350-360,
1975.

Tables should be given brief, informative title and numbered consecutively in the order of
their first citation in the text. Type each on a separate piece of paper. Tables must be no
longer than a single sheet of A4 paper. The definition of all abbreviations, levels of statistical
significance, and additional information should appear in a table footnote.

. Figure legends should be typed double-spaced on a separate sheet of paper. All abbrevia-

tions should be defined at first use, even if already defined in the text. All characters and
symbols appearing in the figure should also be defined.

Figures should be cited consecutively in order in the text. Figures are to be provided as



black-and-white glossy photographs. Provide either the magnification of photomicrographs
or include an internal scale in the figure. The height and thickness of letters and numbers
in illustrations must be such that are legible when the figures are reduced. The figure num-
ber, name of the first author, and top of the figure should be written lightly in pencil on the
back of each print. Do not mount photos.

. Photos and illustrations should be card size (approx. 74 X 113 mm) or cabinet size (approx.
106 X 160 mm), and photo packs or photo compositions must be no longer than a sheet of
A4 paper. When submitting a figure that has appeared elsewhere, give full information
about previous publication and the credits to be included, and submit the written permission
of the author and publisher. The previously published source should also be included in the
list of references.
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1.
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FEBRF CH T DBEHAAAENMERFD X RERICL D

BERET 74X b

Vertebral Alignment on X-ray Examination of Step Movement

in Kendo Practitioners

HE EL? Shinya Kishi it H#?Y  Ikuhiro Morikita
i 1 AY  Kazuto Iwabuchi e I3 Nobuo Sakai
@Key words

Ghasf, 794 2~ b, Wi

Kendo sports . Alignment . Lumbago

[ E3=

REET I TERIEMESS I LIE LIENER 2 520 5. 4l ZOR A & §lE E’%m(@bf’ra
DOREEEE BT 572012, BARARENEREO FAE alignment A X177 o 72, KIFZEIC
G- AEETF8 A (BT 6%, W24 2xRIC, VEHELIE E?Tr T%F&%o&l&&iﬁ
{’E@Xa‘i?ﬁ’z%’i’ﬁ&ot. B A A A EIED AT alignment (£, Cobb AT, MIHESS @ 4574124+

 EHERD D AN 137217 OB AR £ L, MHER O SHERRE O HELIL L3/4, DIiEDE]

fa‘ti L4/5 b K& o7z,

AROFER LY, BHEBOB XK ED» 72205, £ DRIEETIZED 5N 5 EREE
LB R MR A F L A - TV A A GEME A 7RE éilf:.

ROLNTWE, TOERE LT, FEBRTIILRE
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CRROLNBEDNRIEIZBIT B AKR— VEEDOEH T REBVRERTIEPEBEEIIODRZEL TS L
THBHY, F72, H /«mﬁsm:mxf, f38 % T HERAON5. Al BHHREA TR & RIER A0 A8
DIEIEOFBIL, PEAARBEREIZ, fo T HEHESD L DA AT 57 0DEELZ1F5HWT
WHADOBHCEKRDOEEPEDOONL I LTH B Bl B ENE LB EE O FAE alignment AL, &
5. 3512, JEMI(L3/4/5/S1 L~V IZEF NS £ TOHRZRIOTHET 5.
AW 1) BEEAR IVYAREENRHRRE) NE) T—2 3 U F
T 640-8343  FOaAkIlIi 4 H 337 Department of Rehabilitation, Sumiya Orthopedic Hospital
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£1 WRIEEFOAR
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B 178 LS/SIHERIW AL =7 RS - E TR O LU BAOARTIE, 5=
By 181 L4/SHERMKA L =T SR - A T R PR GARETE, 580 G
BT 185 L4/SHERRAL =T iR - T WEAGAREE, 51 S FEEE
By 38 L5/SILHERIRA~NLV =T TeRERI - 72 T RO K I aAKEE, F5HD G0
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7o 160% AN Je M KRB EE, 51 & HEhE
- 225%  WEEMENDNE T 00 P S aoAAETE, 5l & FENE

PO w B

200541 H~2007 44 HD 243 » HET, FEH

TR

HD) B, KO X-P#F|

L, BleAgE % hefr L 728 EET 32
CE AR 84 (5

T 6%, X12%)THL. Finld 16~45 %K THENE
9~10 4, FEBIPFRISIEEHE R~V =7 A5 B,
- WRERERIE D 3B TH B (K 1)

]

i

VARG L B O A EMELR S ORI O X-P fix

7 (AHEEE L ) 2172w (K1),
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LT3

1) X#EHEIZBWT CobbFEIZ L 2 HHDOEHED
Al EfT % o 7.

2) BEHEER O FHEMAR R O & & [n] g

g, MEHEHEIRR

DOIE &1, SHERB O Tigz A E LT, &
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HER T RERO A E LD (14 1a).

B HERE o [0]
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&K, € D

DFLI T ZHER B OALE DA % & L 72 (14
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1)
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124+25°, JEHERD 137217 THh -7 (X 2).
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2 o723 THAh. FHEKRE TR b mIhEE &
DWRED-7-2DIE, a/¥F — 2 THHEERIZH L
A HERAT5.3% 45 Al fiE L T/ L2/3, by —
Y CIETFAIHEMR I L B HERAS 4.5% /2 B B L
T/ L2/3/, ¢/%% — > TIE FRHEARIZH L
FATHEARAS16.5% A0 lE L TW/2 L4/5 B TH -
7= (1 3).
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9 RFHEOAME I , FEHEATHE (23T 5
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—mEEEFICELU -XKEEHE TEHED 2 FEH
—Endobutton Z{ERA L =L VWBE&EE—

New Reconstruction Technique using Endobutton for
Pectoralis Major Rupture in Elite Judo Players . 2 Cases Report

NI #FHEY  Yoshiyasu Uchiyama B @E?  Seiji Miyazaki
#MW  Wiz¢Y  Akiyoshi Handa s iGY  Eiji Shimpuku

FFH REiHY Joji Mochida
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Pectoralis major rupture . Reconstruction . Judo
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Influence of Vibration Exercise on the Effect of Muscle
Strengthening and Balance Training in the Frail Elderly
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Fall-related injuries, including head injuries and frac-
tures, are serious problems in the frail elderly, as they

often lead to prolonged or even permanent disability.
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@Abstract

The purpose of the present study was to determine the acute benefit of vibration exercise in the
frail elderly. Thirty frail elderly participants were divided into two groups ; the vibration exercise
plus muscle strengthening and balance training group (vibration exercise group, n=16) and the mus-
cle strengthening and balance training alone group (control group, n=14). At baseline, there were
significant negative correlations between age and the strength of the knee extensor muscles, maxi-
mum step length, unipedal standing time, and toe standing time. After the exercise program, only
the unipedal standing time increased in the control group, while the strength of the knee extensor
muscles, maximum step length, and unipedal standing time increased in the vibration exercise
group. These results suggest the acute benefit of vibration exercise in addition to muscle strength-
ening and balance training in improving the muscle strength and maximum step length in the frail
elderly.

Thus, prevention of falls, and therefore of the injuries
Introduction associated with them, could probably reduce disability,
improve the quality of life, and reduce the costs of
health care. The muscle strength of the lower extremi-
ties and body balance are two of the important factors

in the prevention of falls’.
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Exercise is generally accepted to be effective for the
prevention of falls in the elderly. A meta—analysis study
has demonstrated that exercise is effective for lower-
ing the risk of falls in the elderly and that the conse-
quent reduction in the incidence of fall-related injuries
reduces health care costs®’. Furthermore, a systematic
review has demonstrated that muscle strengthening
and balance exercises and regular practice of the inter-
nal martial art therapy of tai chi chuan are effective for
preventing fractures in the elderly® .

Recently, whole-body vibration (WBV) exercise has
been developed as a new modality in the field of
physiotherapy. WBV exercise has been shown to
improve the knee extensor strength, vertical jump
height (jumping power), chair-rising time, timed up
and go, body balance, chronic back pain, and hip bone
mineral density, and also to increase the serum levels

1.6-16)  Previ-

of testosterone and growth hormone
ously, we reported the beneficial effect of 2-month
WBYV exercise in addition to muscle strengthening, bal-
ance, and walking training in improving the walking
speed, step length, and unipedal standing time in terms
of the walking ability in the elderly!”’. In fact, however,
in our experience we have found that some frail elderly
patients are hardly able to participate at all in aggres-
sive exercise programs including WBV exercise, walk-
ing, and other strenuous exercises due to body imbal-
ance, osteoarthritis of the knee, or lumbar spinal canal
stenosis. One of the solutions might be vibration exer-
cise sitting on a chair and putting both feet on a vibra-
tion machine, together with mild muscle strengthening
and balance training. To our knowledge, however, no
data have been reported on the effect of vibration exer-
cise on a subject while sitting on a chair. The purpose of
the present study was to determine the benefit of vibra-
tion exercise to the frail elderly, who have difficulty in
performing aggressive exercise programs, while sitting
on a chair in addition to muscle strengthening and bal-
ance training.
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Methods

Thirty frail elderly patients (2 men and 28 postmeno-
pausal women) who visited our clinic (Kawashima
Orthopaedic Clinic, Chiba, Japan) between July 2005
and May 2006 were recruited to our trial. The inclusion
criteria were an age of more than 65 years, gait distur-
bance with some aids, and being able to measure
parameters as described below, and the exclusion crite-
ria were acute phase of diseases and severe cardiovas-
cular disease. The physical activity level at baseline
was considered to be quite low in all of the participants
because of body imbalance, osteoarthritis of the knee,
or lumbar spinal canal stenosis. They hardly ever per-
formed aggressive exercise programs. We assessed the
strength of the knee extensor muscles, maximum step
length, unipedal standing time, and toe standing time.
In particular, the strength of the knee extensor was
measured with a dynamometer (. TasMT-1, Anima
Inc., Tokyo, Japan) . Because of the existence of gait dis-
turbance due to body imbalance, osteoarthritis of the
knee, or lumbar spinal canal stenosis, we did not assess
walking ability including the walking speed, timed up
and go, and tandem gains step number.

The subjects were divided into two groups ; the
vibration exercise plus muscle strengthening and bal-
ance training group (vibration exercise group, n=16)
and the muscle strengthening and balance training
alone group (control group, n=14), according to their
intention to perform vibration exercise to improve the
adherence to the treatment. Vibration exercise was
performed with a Galileo machine (G-900, Novotec,
Pforzheim, Germany). The subjects sit on a chair and
put both feet on a rocking platform with a sagittal axle,
which alternately thrust the right and left legs upwards
and downwards, thereby promoting lengthening of the
extensor muscles of the lower extremities. The reac-
tion of the neuromuscular system is a chain of rapid
muscle contractions. A 1.5kg weight made of lead was
coiled around the both ankles to stabilize the foot on
the rocking platform (Fig. 1). The once-weekly vibra-
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Fig. 1 Vibration exercise

Vibration exercise was performed with a
Galileo machine (G-900, Novotec, Pforz-
heim, Germany). The subjects sit on a
chair and put both feet on a rocking plat-
form with a sagittal axle, which alter-
nately thrust the right and left legs
upwards and downwards, thereby pro-
moting lengthening of the extensor mus-
cles of the lower extremities. The reac-
tion of the neuromuscular system is a
chain of rapid muscle contractions. A 1.5
kg weight made of lead was coiled
around the both ankles to stabilize the
foot on the rocking platform.

tion exercise session was set at a frequency of 14 Hz
and a duration of 4 minutes. This frequency was
thought to be comfortable and safe in the frail elderly
patients during vibration exercise. All the participants
in both groups were similarly instructed to undergo
muscle strengthening (chair rising, 10 times X 3 sets a
day) and balance training (unipedal standing, 1 minute
in each leg X 3 sets a day) twice a week. The period of
the study was 2 months to evaluate the acute benefit of
vibration exercise. Informed consent was obtained
from each of the subjects prior to their participation in
the study. The study was carried out at Kawashima
Orthopaedic Clinic, and the protocol was approved by
the Ethical Committee of Kawashima Orthopaedic
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Clinic.

The data are presented as means=*standard devia-
tion (SD) in Table 1 and means = standard error (SE) in
Fig. 2. A comparison of the lower extremity parame-
ters such as the strength of the knee extensor muscles,
maximum step length, unipedal standing time, and toe
standing time between two groups was performed with
an unpaired ¢-test. The ratio of males to females was
compared with Fisher’s exact test. Correlations
between age and lower extremity parameters at base-
line were examined with a single linear regression
analysis. The longitudinal changes in lower extremity
parameters were evaluated with a one-way analysis of
variance (ANOVA ) with repeated measures. All statisti-
cal analyses were performed using the Stat View J-5.0
program (SAS Institute, Cary, NC, USA). The signifi-
cance level was set at p<0.05 for all the comparisons.

Results

1. Characteristics of the study subjects

Table 1 shows the baseline characteristics of the
study subjects. The mean age of the control and vibra-
tion exercise groups was 73.6 and 74.1 years,
respectively. The respective ratio of males to females
(males/females) was 1/13 and 1/15. There were no
significant differences in any of the baseline character-
istics between the control and vibration exercise
groups.

2. Correlations between age and lower extremity
parameters

Table 2 shows the correlations between age and
lower extremity parameters. There were significant
negative correlations between age and the strength of
the knee extensor muscles (right side ; »= —0.400,
left side : »=—0.342), maximum step length (right
side : r=—0.712, left side : »=—0.650), and uni-
pedal standing time (right side . »= —0.577, left side :
r=—0.420). However, there was no significant differ-
ence between age and the toe standing time. Thus,

age-related impairment of the muscle strength and
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Table 1 Characteristics of the study subjects
Control Vibration exercise
group (n=14) group(n=16)

Age (years) 73.6t6.4 74.115.5
Males/ Females 1/13 1/15
Strength of the knee extensor muscles (kg) Right 15579 13.7£6.6

Left 14.61+6.0 12.9+8.2
Maximum step length (cm) Right 81.8+21.4 80.3t16.0

Left 83.2+18.8 80.1E15.6
Unipedal standing time (sec) Right 43.3+45.8 30.2+34.6

Left 23.639.7 20.5+30.6
Toe standing time (sec) 62.6£48.9 30.8+37.3

The data are presented as means =+ standard deviation (SD).

A comparison of lower extremity parameters between the two groups was performed by the unpaired r—test.

The ratio of males to females was compared by the Fisher’s exact test.

There were no significant differences in any of the characteristics of the study subjects between the two groups.

Table 2 Correlations between age and lower extremity parameters

r values p values

Strength of the knee extensor muscles Right —0.400 <0.05

Left —0.342 <0.05
Maximum step length Right —=0.712 <0.0001

Left —0.650 <0.001
Unipedal standing time Right —0.577 <0.001

Left —0.420 <0.05
Toe standing time —0.328 ns

Correlations between age and lower extremity parameters at baseline were

examined with a single linear regression analysis.

ns . not significant.
body balance as well as the maximum step length was

confirmed.

3. Effect of exercise program on lower extremity
parameters

Fig. 2 shows the effect of muscle strengthening and
balance training with or without vibration exercise on
lower extremity parameters. After the 2-month pro-
gram, only the unipedal standing time increased in the
control group, while the strength of the knee extensor
muscles, maximum step length, and unipedal standing
time increased in the vibration exercise group. The toe
standing time tended to increase in both groups, but
these changes were not statistically significant (data

not shown).

4. Adverse events of exercise program

During the study period, no serious adverse events,
such as fall-related injuries or adverse cardiovascular
effects, were observed. Vibration exercise while sitting
on a chair was safe and well tolerated in the frail elderly
with difficulty in performing aggressive exercise
programs. All the participants were able to complete
the 2-month exercise program.

Discussion

The present study was conducted to determine the
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Fig. 2 Effect of muscle strengthening and balance training with or without vibration exer-

cise on lower extremity parameters

The data are presented as means=standard error (SE). The longitudinal changes
in lower extremity parameters were evaluated with a one—way analysis of variance

(ANOVA) with repeated measures.

*p<0.05, * *p<0.01 : significant longitudinal changes from baseline.

@ : Vibration exercise, O : Control.

benefit of vibration exercise while sitting on a chair in
addition to muscle strengthening and balance training
in the frail elderly with difficulty in performing aggres-
sive exercise programs. Muscle strengthening and bal-
ance training alone increased the unipedal standing
time, while vibration exercise plus muscle strengthen-
ing and balance training increased not only the unipedal
standing time but also the strength of the knee exten-
sor muscles and maximum step length. The effect of
balance training appeared to be prompt, whereas the
effect of muscle strengthening training could take a
longer time until its effect became obvious. The results
of the present study suggested the benefit of vibration
exercise while sitting on a chair in addition to muscle
strengthening and balance training in improving the
muscle strength and maximum step length in the frail
elderly with difficulty in performing aggressive exer-
cise programs.

We applied the vibration exercise once per week, at a
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frequency of 14 Hz and for 4 minutes. However, the
intensity and frequency might be low and the duration
might be short, because this exercise program was sim-
ply conducted to determine if the frail elderly could
safely undergo and easily continue the exercise. There-
fore, one criticism is that it remains uncertain whether
the dose of vibration exercise might be enough to
observe an improvement of lower extremity parame-
ters in the present study. However, one possible
mechanism for explaining the effect of vibration exer-
cise in addition to muscle strengthening and balance
training may be that vibration exercise might enhance
the effect of muscle strengthening on the lower extrem-
ity parameters in the frail elderly, even if the vibration
exercise itself did not significantly affect the param-
eters. Another possibility may be the rapid stimulation
of growth hormone secretion after vibration exercise,
because vibration exercise has been shown to elicit
acute hormonal profile (growth hormone) and neuro-



muscular performance responses immediately after
the exercise’ .

In the present study, we focused on the muscle
strength of the lower extremities and body balance.
However, impairment of the muscle power of the lower
extremities and walking ability has also been recog-
nized as important risk factors for falls!’ . Muscle power
is defined as the product of force and speed and is cer-

tainly related to falling!: 1820

. The chair-rising time,
an index of muscle power, should have been evaluated
in the present study. Further studies are needed to con-
firm our exercise program on the muscle power in the
frail elderly. With respect to walking exercise, it was
not always safe in the frail elderly with difficulty in per-
forming aggressive exercise programs, based on the
results of a systematic review showing that brisk walk-
ing increased the risk of upper limb fractures in elderly
women® . Therefore, we did not apply walking exercise
and did not assess walking ability including the walking
speed, timed up and go, and tandem gains step number.
However, the training that could improve muscle
power and walking ability should be the next step after
physical activity and function have been improved by
the present exercise program.

Exercise also increased the maximum step length.
Basically, each stride during walking consists of the
stance and swing phases. Thus, increased unipedal
standing time can produce more stable walking. That
1s, the more the stance phase of each leg was stabilized
by exercise, the greater the swing of the other leg
becomes, resulting in an increase in step length.
Because it 1s important for the elderly to increase walk-
ing step length to touch the ground with the heel dur-
ing walking in order to prevent falls caused by toe—con-
tact-related stumbling, we believe that improvement
of maximum step length could also lead to a reduction
in the falls—related risk.

The limitations of the study should be discussed. Fir-
st, the study period might have been too short to arrive
at any reasonable conclusion of the beneficial effect of
vibration exercise plus muscle strengthening and bal-
ance training on the incidence of falls and fall-related
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fractures. It 1s a recognized fact that long—-term exer-
cise is needed to reduce the life-time risk of falls and
fall-related injuries in the elderly. Second, the present
study was not a randomized controlled trial and the
choice to have vibration exercise was decided by the
patients themselves. Therefore, the motivation to
improve lower extremity parameters might have dif-
fered between the two groups and the difference in
such attitude to comply with the program might have
affected the results. Further randomized controlled
studies are needed to confirm the results of the present
study.

In conclusion, the present study showed the benefit
of vibration exercise while sitting on a chair in addition
to muscle strengthening and balance training in improv-
ing the muscle strength and maximum step length in
the frail elderly with difficulty in performing aggressive
exercise programs.
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