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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.

1.

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 :

(1) Journal article

(2)

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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@Abstract

Division of powers in anti—doping movement is carefully maintained and independent anti—-doping

organization and arbitration organization for sports are recently established in Japan in addition to

sports administrative bodies such as national sports federations. These activities ensure privacy and

rights of athletes in question for doping offence. Roles of anti-doping laboratory are defined in inter-

national standard for laboratories (ISL) issued by the World Anti-doping Agency. The ISL requires

laboratory not only testing and the result reporting, but also to keep interactive communication and

cooperation with anti—doping organizations. Research and development are integral parts of labora-

tory activities for minimizing doping by keeping pace of the testing program with current pattern of

doping.

This chapter refers to roles and activity of accredited doping control laboratories.
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Safety Measure of Japan Rugby Football Union
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Safety measure of
pan Rugby Football Union
o

il

®1 SJTE-FELY

- The Object of the Game is that two teams, each of fifteen play-
ers, observing fair play, according to the Laws and in a sport-
ing spirit should, by carrying, passing, kicking and grounding
the ball, score as many points as possible.
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Team Registration

5000

4000

3.000 3020
/309
2599

2,000

1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002

X 1

TL—Y—KTh, 797355TAE -7 LK
33617 N, 7 ¥ —A27—) 23810\, HEA
12,048 A, #4:11,981 A, /I - HEEE 7595 N, &
B 1309 A, 47125917 A L RESEIZH L T 409 A
WoTBY, AN - BHEIWE- TW5(X2).

2. BAZ 7 E—1piEs

BAEAART 7 —HaHfkIZR3 0 T & ik
oK, WK, 55, SRE%, L#, HARAE
i, FREEE LR E1VTORBENH Y, Z0rh
TEHZ2RES(ZEE . H I F77E-IIB
F Ao L BFORBERY &OREK
2OV T ERHA AT B X ORHAHTE 2 5 0 338%
* HOICESRRM, 7oF F—Er 7#MB L 0
FEHE M 0 5 BEEE T T 5 (H3).

3. EIEBERELY

4R T, 1989 4E70 5 2004 £ 3 A K T T 284 %
DEEEEREDVH 5.

HTIT) =T A EEERD50%ERETH
D, RICKF, #HEN, 757, hEFE - NFEADIE
Thhb. BEAOLICLTYH, BEEOEERE)
SHETH A (M4).

KU arTIE, 70V PRY—ENY Z AR
) —i2% W (H5).

FREBEADREEREZL LT, ¥ 7 VIZHEET

B2R&EVOL24 NO4 377

The change of the rugby population
i 7
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Organization of JRFU Medical Part

NERAL AFFAIRS
JUDICAL AFFAIRS

COMPANY SECTION

PRIVATE CLUB SECTION
HIGHSCHOOL SECTION

SCHOOL AND CHILDREN SECTION

NATIONAL ATHLETIC MEET SECTIO!

X3

BYDFZ I NVLT,Zy 7 VENT, My N B
RTH>T)H489% (135 %1) L% <, RWTRZ J
LICHAED 20% EHE, Ty, E—NVEOME R
% ([16).

4. BL@EmHI SRV —IVHRIE

KICEETD S IV — I DZ25E (1988 £ LLE) % A
A&,

1) 7L—Y—AB(EIHE)ICEALT(FR2)

- R L C 91 B B BGET, MIMGHRD 720
RERD 5.

- ASE R AR A — A 10 45 IR,

- 96 ETF LB L, e IR,

B 5ET 5.

19



BARRFEVOL24 NO4 378

The classification statistics
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school school
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The statistics according to the cause
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The statistics according to the position
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 yK

*£2

Revision of The Laws
by reason of safety for players (1)
1991 4
3.10  TEMPORARY REPLACEMENT the open wounded
1994 4
3.10  TEMPORARY REPLACEMENT the open wounded
within 10 mins
1996 4
3.10 TEMPORARY REPLACEMENT the open wounded
without limit
3.9 REFEREE’'S POWER TO STOP AN INJURED
PLAYER with the advice of doctor or other medically quali-
fied person
2001 4
3.14 FRONT ROW FORWARD SENT OFF OR TEMPO-
RARILY SUSPENDED OR INJURED
2003 4
3.10  TEMPORARY REPLACEMENT the open wounded
within 15 mins
3.9 REFEREE’S POWER TO STOP AN INJURED
PLAYER with or without the advice of doctor or other medi-
cally qualified person

*x3

Revision of The Laws
by reason of safety for players (2)
1994 4
4.4 BANNED ITEMS OF CLOTHING a single stud
1996 4
4.1 ADDITIONAL ITEMS OF CLOTHING made of elasti-
cated or compressible materials
1998 4
4. PLAYERS’ CLOTHING totalize
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x4 =6
Revision of The Laws Revision of The Laws
by reason of safety for players (3) by reason of safety for players (5)

1988 4 1989 4

10.4 DANGEROUS PLAY AND MISCONDUCT danger- UNDER-19 DOMESTIC 4. PLAYERS’ CLOTHING Head
ous tackling cap

1996 4 1991 4F

16.3 RUCKING UNDER-19 20. SCRUM Maximum 1.5 metres push

10.4 DANGEROUS PLAY AND MISCONDUCT Flying UNDER-19 DOMESTIC 15. TACKLE Head on

Wedge and Cavalry Charge 1993 4

UNDER-19 20. SCRUM dealing with uncontested scrum in
a competition

x5 1994 4
Ravisionof The Laws EONBEGIL—I :IZ 20. SCRUM forming a scrum for front rows and
— by reason of safety for players (4) 1095 %
201 FORMING A SCRUM hanging UNDER-19 3. NUMBER OF PLAYERS 7players for
20.3 BINDING IN THE SCRUM binding by front five o _
1999 4 UNDER-19 20. SCRUM must use 3—4 formation
20.3 BINDING IN THE SCRUM binding by tight-head
props
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V=37 vavFAMAZ S A EGURITHIER btk - BET AL LD,
57\ (93 4F).
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LRV LVIERHEECH Y SRLNEOR) HA] |

B EEFICE T BREMNEDORY A/ —FK—I—

Study for Safety of Each Athletic Organization—Volleyball—

JFE fEREORFRAL & )11 8% T HEmbE 2 K — v A F

HANL =R - VIR SHAMAZEREFTHLE

filig; 2z Takeyuki Okazaki

HANL —KR—)ViH4& (JVA) TiE, 21 E V)
Fr L Wi B o REICHI L T 2001 4F & 0 @I 0%k
ERY RS20 [—EIREY 25 4 VICH) f
Z&icL7(H|).

AR, L NUBE8cmEL, kol EFE2
B LIL T2 oo FETRIHBTE LKL
oT&, EE, YF=—FV)EvrTiIBEL
EDHETEhdorz. —F, BEEBDOAKXK— VI
EILARMERICR Y, YaZTEFON—VT YR
RA—N—T—R, Bolbl—=v7HEICLS
A=V BENBEIIR > TV,

CO&) RREERRICHE, FH2SKRANICER
2FICHEHEGETI-LEITELLD, BEL X
R=VEBHOERZIINEIEPBOTEEICL -
T&7.

[k - s b h SR [ B E ORI -
B - B ~NORBEOERY L, 20720 12 FitHh
SBANICEL—ERE|IVLEE LT,

HEMDH 2 HLET, L IEGBRFORM.
FWMLUIGEFERIKL, SHELRNERIETES X
VBT 5. MbiCIEVEHENEZET A ETS
EIRL, #HICEREEE T R—- M35 (M2).

—HIFE L AT LA0EEM(X3)Y. HAD/NL —
Fix, REOIRERETOFER - LA TE T A
WERIZE LATWS., BEORKDOERIZESZ
BHEFOET OV REOBEREOHT TETONT
WRVWE, T2bb—BIRES AT APARTF S
Zh5b.

FEw HZ

T 289-2147 AHiHRA 21
St U R — L% BE

TEL 0479-72-1131

Pt

FEMOFR - BEOMHA L L TIX, NL—D%
B, EBBPKDIDDRT S Hhy FTETII) T A
ME72V 7 N —DEMAIZ X o THFRIIH % A
BWHEBR L L-FEMHARD I AT L2HELTWA.

Z ORI 1999 FHF L — A L FRFHERE (K
VEAI) TOERE V) ETRINTVSED, %
ERREEDHITTVBEIENPLDFELVWHETH S
EEZLNTWVWS,

LRAIZZIOREIIIEENF—L N5 —L L
THELZDT, FWIZLHDORTEA YL F A
Tb5H5o7:(X4). L2L, MERXZEAUBEOET
Tt E o7z (AL - Rk s h T wiiTdh
5.

—BE VAT AR e BEL DT ICHAT
A5(H5). FTFEEBHROARIZOWTHRNRS, H
BN L — R — VB (FIVB) 34D/ L — D -5
WEBEZEI»E720, by 7275 A%HIETF— 4
(21&, M 100 HOWILAEEERT LI L2 EK
LTwa., FEIZEEERNORFEA, &ETD
RERKZHAL T, ZOEHIIEDHD TS5 H
Ki3#B% 10 FH, F¥HL T40~50 HAiEOAFE
6, BLORELLPEBTE TRV, EEH»OM
AN EFLETBHNEF -2 LT, BELI Y
EA—2a NV —2BRENDLHEF— 20, 7§
b AT 4 EIZBITBEGHRIRE 2> TWAh.

RIZEDLVRXVOETFIZOoOVWTHRS, HEADHE
KF v atVF—LDEATI %S TE71970
FRO Y T 7T XAEFOEKT T — % & 1990 £4L
DEF N T2 FARFORNT— % # B L TA
5E, REBICENEF—2ICRIELEVETHEY
{LDEAMABRD 5N L —FT, KIBHIZIZL NV
Ty TEZHD, ZEEOHLETFEEAZIITTH
LR TEBICH L. NL—F—%ETE - &



lStudy for Safety of Each Athletic Organization]

-Volleyball-
N R e R B S tE R LR R
I

EEMBH A2
(B) BERAL—H—ILiBE
JAPAN VOLLEYBALL &> > . : FR

vl REeERES |
ASSOCIATION STKE P

—BHEEVATLOEEM

Importance of consistent dircction system

KT H97F (PEPSI cup) N2 (School children)
T I T A#F (Aquarius cup)---—--F 224 (Junior high school)

X 3

MEICLTBMEE, BRHFO ML —= > Ve Hw
TR b — = FHGHICE DO W-ETHEAY b
L—= 7 2AMLTWAIETZOI, EFEFERD

ZALE LB MOEBERORIMS &5 2 & 2w

5, BH—BW L2 ML —= VY ERATE TV AW
720, FREMETEIESA T3 ERo>TVS.,
SEHICHEHMLANAVOETIZOWTHERS, kD
RN T12F—22EDTOIT—=NVFEH Y TT
DF—LERTOFEM T X 7235 L5
MPICHARF = 2D L NIVOBKEIHE LI TWA,
ZOBERIIBEHEED 852 D’ s, fEH
DIRENOARE, HEMEKIK L LM LAHTE, 7 —
WA V2=V ZhTEGT, #FEL2DOEBEN
RN Z DO DODERFOTELERE LB SN I
LTy — L0, Btz E, —Hig
AT LDOMMEVIRRTE 5.
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- E *Egl@*&@ Eﬁ Btsb Consistent direction
No—R—)LBFE—BIERTHBEE. UTOLIUSEEI A SIS,

BEAH
a

BULRRENEETS
FEre e ok
BBEY RS Strengthen

e

Ll
'Elﬁy- FELIRFERIEL.

Educate B a N RG X
o E3BMTD
FiE
Develop MOEHEIOE LR ES
(EZRF) ORIE
AR
X2

Women’s World Youth Championships
Portugal 1999

—EBEREDF+773H5

Insufficient cases of consistent direction

EEEH AL~
DFRE DET DET

LA

Insufficient of Drop of
training at a camp physical strength

Drop of skill

&5
e - B - MALICIZIBREE RS RD SN

%. JVA TIRBALATO PR A AZR IV H D,
TOHIETIER, R, WA, HHRLHEEAER
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ABIHR—k
Mental support

F4TANYR—F
Physical support

ERISEAY R

Medicine and Science

- TR —b

Informational*

AT4HILHR—b
Medical support

BENTWE., ERENTR—PELTRE74TH
WHR—=F, ATFLHNVHFR=F, XTIV R—
N, EH - ITHR— 2R b, ZOFDORXT 4
AN R— N DEFHFOHELTH 5 (1X6)Y.
1985 4E 1 A5 2003 4F 12 A ¥ TO LR D /N L —
R VBEOHKZ L o7, 194HT6,25361dH -
72(F£1). WIS v 7T 1,163 51(18.6%),
RATY X Y X=EH 775 61 (12.4%), ERAHEITEHE

75655 %1 (105%) TZ DI HEETL4E L VW) FHEE
oL,

AT A4 HNHR=FMELTE, HBEOFRIAE
LEEE LD, FNICEERE S CB Z EPURE
DT, NL—EFOHEHEDFERZT Lz, K&EL
FTAETLV—Y—EAOER, HEEOME, &
BEtomE, - HELZEOMEIZLRL2THA )
(7).

+:»e+

1. 7L—FV—EAOER (X 8)

DRI BARBOFEEL LT, FERANL—FEFO
HBEOERZRAL LY. Rah 1 20%TH - 7.
AEE  AEELSEDLRTENEL L. BEERO
R, KOWLALZDHBICASL. BREADARE ;
FREB L CVARRREREETHL. —FHILHM
HTIIRIEIVEFTHD., EHVPELR-7-L &,
TR Er R LT b, T/, WAL,

% 1 Volleyball injuries (1985-2003) (Kawatetsu Chiba Hospital)

disease cases %

1 . low back pain (including hernia, spondylolysis) 1,163 18.6

2. jumper’s knee 775 12.4

3. ankle sprain, ligament injury 655 10.5

4 . gonalgia (including iliotibial tract infection, patella partita) 422 6.7
5. contusion, muscle strain 375 6.0
6 . shoulder pain 351 5.6
7 . sprained finger (including fracture, dislocation) 314 5.0
8 . meniscal injury 231 3.7
9 . knee tendon injury 230 3.7
10. fracture, dislocation (excluding hand and fingers) 213 34
11. footand toe pain 181 2.9
12. leg pain 152 2.4
13. Osgood syndrome 138 22
14. ankle pain 125 2.0
15. chondromalacia patellae 112 1.8
16. elbow pain 111 1.8
17. internal derangement of the knee 110 1.8
18. cervical pain 97 1.6
19. wrist pain 88 1.4
20. peritendinitis of the Achilles tendon 74 1.2
21. Achilles tendon rupture 68 1.1
miscellaneous 268 43
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NL—R—)LDEZEDRE

TL—Y—EADER E8E ORE

Player Coach

FaDRE

Cause of the volleyball injuries

BREEHORE #-FAEDOME
Environment Shoes etc.
7
IEEEDME Coach
FRRT 21— LD Schedule

pntL—=>rm B REEEN

tr: 11n1n basic practice

ISRRER HEH

formation adjustment

BIT-REH

rest

BERT 21— )LD —H

X9

BERANE D & ZIF L CIIREDITA I L. KT
2B, RE - KEIKYARZ LTV FTOR
V. A — LTy TRRE R AT O EE)
DARDTDERITIODLETH L. KT
MLy F YT NERD ARG TWS, TA3D

FEHICIZIEFICERTH A, EEMEO R . 1K)
WAIZITAZ LR T WREZE L w2 b, T#lEE o
J572DICbA MLy FARBODTHENTHD. 8B
BB =T AN, s wER YV &HTTS
VL—95RFZRANPTEN, [E2F75ZL. XT
FZEDHFEVAIEY, FEOLTE CBALZTOD
MELIIVZRVEDLH L2, P L bIlHE%

LTI VEVIOTIR L., L LARNT, &
WEEEITHEPR N EED 1T VBTV OFHEZT TR
GPEMOBHRICOAMTH L. BEHOTL —Y —
OMBEDERIE, +—/N—21— ZADEBIIZE .

REEDPROFELZLHOLEDHLEHHTH 5.
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TL—Y—EANDER  Player
S NTETIW) irresistible force
- RNEE carelessness
HEFOAR bad condition
A —LT VTR insufficiency of warm up
- T RN lack of flexibility
- B sudden practice
-HEOLTE over use
-7 —LDEZ unskilled form
57 (OF S inexperienced technique
- SRAT %, MR RATA foul, wild action

X8

T74—LDEX . NL-—TOREZEITHRIC

&, AL - —=ThlDT+—DFELELN
KOS LTWwWA., BizdbbasA, B, M, B
LHENHL., AR=—IDTL—=IZBWTIZINT ~
ANRORKYTHAZLIIFMOEBY THD, N
TUADNENT =L TT L —%fITA LIE£ITHL
AR LT A, BNORME | ERIFICBIT A
WMDOLDI[R=NVEJEVWIFEFIZEY VT4 TR
LDONH D, R—IED LV ETFIL L8 X 255
, FODRBEHF- TR LVEHI) LN TE
T, BRLRIFICZ > TERZIE- 72, EE2EH
L7203 5. ZOFR—)VEITH R OE IR 2
HIS LTI S ND 2 EASE VDT, VbW 5[4

DRI KD L RA ¥V MIhb. R-IVEEFIZO

YEIMES T%%FT%” RN ER) BRES
CFEOLP B, FRD, RELWVWER— LV E2HEL
EIFBETAHEIICTAH, HELVWE—LoHEHIE

PN LTWEF—0% L E-2ITAD, ZHUTHR)
B, K= NVIIMh28BE00 %Ry, FH L&
OB FIZZ e bw, T2, =7V —TDKR—
WIEAEEFIZEFEROIEF 7 7 1 OFEREE = L
TATIRE)THA) 7.

2. IEEEDME
FREZXTZT212—-IVORBE9) (1 FHDOAT

Va—NVELoPDIETHEIEPBRODTRYTH
. RN ML —= 2 7, EREEEY, CRE Y,
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{EEEDME2  Coach
BADENEERE
Consideration of individual ability
(a) FLEBLBEDL L, KIVNIVETD
(b) BICIEEDTE TV LR, Vwhbw b BEY

(BF mFEDY, &f ;) AiERn)
(c) BLBERIRDYEIREVETS

X 10

Y, AW, KEHLZEEZ ) IV 7 ASE
TRBZED, FHEOBAIEREM DM EITIZR
BWHEELRZIETHE., LIV —XVIED, V—
XD ELICTDBDVEET L. BEEORH LW
ZBIEDS,

BAOHEHEEE (X 10)  BMAOKIE TN
It sb. ThzE—r, EHANZHEELZTLH L
HARKREHE2DOTHA. LA2L, HEZIIELD
FENICAEDLEHE MO I L I3EFICHEEZ D
T, ETERTwaI i3I HItBz 5. &
DF vy THRIFVPOKRELZERE LS. & T
DEFTOBAZIKADZENL D B ITADNITKEN
bOTHA., FLUFE, FLFHTOIREROTL
Hdbe, KL 28U EOENHLGEND 5.
FREE ML DENE Lo VBLETRIERS
W, FZTC, /- hEEEFTOTII 3 DDER
W TAZERRETSL. T4abb, (a) $22%HK
By, RavhSWiEFE, b)BICETFTET
WAHRH, Wb BER(BFEIFLDLY, K1
ARG OR) ORF725. (o) BRBEE#EDY,
HEKEVEFREL,

NL—0D L RAEE CIIEEIcflA IcaT 5
DL, EBIZEIATRER DT, Lo 3EFIZHT
THEBABEZLEZ TV E, THFOFRHICIIRER
BEHDH 5. (b) OFFHIE—F TR MES S < % K
DT, Z02~3 7 AR L VER 2R 5%
WEHIZT A, T TEEY LT, (o) DR
WCAEHM - D HEm LT 5.
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HHYIZ(1) Conclusion

NU—R—LFELENLFEHEET, BREMDLT. BA
DOEEE . A7, Bie, Brk-BLFITe@btE T, FMEEC
TREICELDDEVSHMELDBRRTHS.

B AR sixth =Yk \L— soft volley
*9A® ninth +TJL/SL—  rubber volley
-E—F/3L— beach volley cte

Ot BHE - SHAR,
E£E—BR aXEEREEET.
LERMEAR—YISTDhigyy W
RIEB ERBICAEThLLWESE 1
2THRRIHA TS,

Solt volley

X 11

3. REZXHOMEX7)

®KERE, 759 KEE N —DBEREEE
HEIEICR L., KOMEIZE-TH, BIZ5EZ5%
BHEKELD. BOROEE, Vv -8 E5%
5. ¥, Ty TOBEa ) — MEDDY
T, TOELESLITIDVBEICE.

TR, B, TR SR, BERIPORLE - T
FHICIZEBETE 2V, EVEICIEY+—LT7 v T %
Lo ) Rb0ENHAH L, BVEICIIBARERIC
bewi I, Kozt ToIcT 5% EORE
WLETHA.

4. #t - BE& EDRMEX7)

NL—=TIE 2 —XDFERVPEEICRAD. Lop
DEESICHoY 2 — X BT, FRE
Ja, EEW, TXLVARBBLRLSFSEFhEEL
ZATCLEHIT IR ABESD.

WFRIZLTYH, FROEITNEIWIFAEERNT
WCRWIZESRAZ L., £ ThiE, REVWIFZELE
{ToTKL A,

b

BAED JVA OFLY HAIZOWTHRRS (111)%.
NL—FR—VIIFELEPOHERE T T, Bxi



HY, SEMAOEBEN, & - Hie - Bk - B.O
HIZAEDLET, FHTBELTRBICELDL LWV
A FOBREEETH Y, 6 Afl, 9 AHl, ¥—F
INL—, V7 ML —, TLNL—7% %80k
EHETAHEEDIC, FNFRLOL AL L7 &
DREGRELBELR7UT 4 - H—YALRESH
TW5,

o, LHH - SR8, AE-FR, BE
EERZ HIETHRERMIE A R—y 7 5 7O hEW
GREBLGAICHEDL LVWEZEZTRTHEAMRT
w5,

Z 2T, JVA TIZFK 12 F5 % [#H AR #ig N
L—=K—=NV7 7 7ERLE| LB, ERAEES.
FOTLEESEERFENL — K- UiHE1E Lo
FHE I xkdDoD, NL—FK—V27IFTOEK
LD HLATWVS.

WIER1IAOE ) OAEAR-Y OEELEH
feL, BiE, H - #HAREE - 2R — v BRI
SR ERY, PERXEEA L L TEDDDOH
HEERMIBAR—y 75 TOHIZ, BERME - &
HHBOSEKERLNVDONL—FK= V25 7T%ED
LB IOT T DIZOoVT, SHGERFEGS
DHIDH L IZZFDOFREREMIEL T, FOZ L
I2&oT, BERAR—VIFHOEREZENET L
L 2> TL 5.

5 HICiThbz4Y) Y Ey VIRETFET, Bak
BOHHFIINA, KFRERLDONT T LA
7 AF, KRG EDEFH) L hAEV, TEl
BEIZH3-0TEBL, T740Fy T2 FICLE
(M12).

—EIRE I AT LIC) A TE AR,
BLTOFEIHEEE LIFo2Hb. TTF44) ¥
Yy 7 CIRABEOEKOH), "A M LEFEDITK
botzds, FRGIIAZTELELINTS.
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ZAR—VEEEFMESEIK
EHTFACALENMTY vy REY
BHBEANFT—ILFOIERS LOBHBEEICEAT IHE

Glycotechnological Development of Hybrid Scaffold and

Cartilage Regeneration

KHE  JE{EY  Shusa Ohshika A1 #%2Y  Yasuyuki Ishibashi
fmiE & —2  Keiichi Takagaki

@Key words
e, SNRETOT ) o, B
Chondrocyte . Exogenous proteoglycan . Proliferation

OEE

BEMEENRE T T4 7)) 7 2 (PG) DFFET, JFAFETICHE 21X 3 KL TH %%
TV, EE MR OBEaE L S MLIC B AR PG OB IZOWTHET L7z, BEREEB LV
5=V 3RTCIEERDMFEIZB VT, PGORIMIZ L Y #kEMigomEbE el S hr.
BEFRBEEOHE BEEETCINMaS - BLI0T7 7)) h Y ORBEBL L Twi:
A, SRLFETIINE I T — 7 > OFEBSHERF SN, MERFHIC BRI 2 8E AR D BIgES
iz, SHR%E PG IZEEFMOME»HIH T A2 FME LT, EHEEICER2D Lhkw,

@Abstract

To investigate the effect of the exogenous PG on proliferation and differentiation of cultured chon-
drocytes, chondrocytes isolated from the articular cartilages of Japanese white rabbits were
expanded in monolayer culture and three—-dimensional culture using collagen gel with or without
exogenous PG. Cell growth assay revealed that addition of exogenous PG both into monolayer and
three-dimensional culture increased the number of chondrocytes. Real-time PCR analyses
revealed that exogenous PG significantly decreased the gene expression of typell collagen and
aggrecan in monolayer culture. Conversely, in three-dimensional culture the gene expression of
type Il collagen was maintained and histologically excellent cartilage-like tissue was formed.
Exogenous PG may be useful as a material which modulates chondrocyte proliferation on cartilage
regeneration.

K FE e 1) SARTRZFEFEHEIVFFHE
T 036-8562 GARI LTS 2) AR KFEFHAF
SLRT KRR BL F 3

TEL 0172-39-5083
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U &I

A, HOBERENIZ LV EEKE OH#REL
L CHREERGHMBRBMMY PZEEIN, BRO
BTHIECHVOLNDL L) ko7, hrOEM
DOEAETIE, BEH NS X O graft integrity (2 [
THHERTTFMOELSICBWTHBRIFTH S L
HBENRTWEY, LaLiDS, BEEREEIIBWVWT
FEDZAL L -8B /s A%, BRI BV ke
i & L CoBied Ho Il BIETE 2 038R 05k
L5EZAHTHD. ZZTHEMBEILEMERDO-O S
FEFRREEMDVRE SR, BHIZIEHT A9
e s T b, EMERICERZ 3 KL #EED
R, BREEE R IS5 5 2 L Th b.
BEWEEERE % 0 COBM/ NS e RIEL 6 2L
b, ERMBEEERED X O ZIEEEO#SKE RIE~ND
Biix HIETHE, WHEZHER L 24 okEHl
WRLEEEINL 0, L )ERN LT EOREIE
i (0

Mg IcB TGS —5 >, 7a7
A7) A (PG), b7 vu B, T4 &
HaE, SEFSEL2MBMA~ M) v 7 ZICHENT
Wh, Ihoiifast~ by v 7 AL, BAEESIRO
AHZHNVANLVADLEHREHBEZREL, XEY
B A Ay RRT OB S % il
HZ L2, SEHBROER R MR L TvwAY,
PGiza7&HEZHLELTTYV IS I I Ty B
(GAG) X HISEICb DHAWE TH Y, HAENIZBW
THiRuiEAE, HaoH, b, BREERICEIES LT
Wh. i, PG 2SEHE RN < He R e 2 A
DF A % FHES 5 Rt 2 R L 72BFZEAsiil &
N75~D 0 LA LiAs, sEMBEOHEIEd 5 A
Ay ALIZBIT 5 PG OB L T4 I2if %
STV, KIFETIE, ®EMK %2/ EE PG
DFFFET, FEFETICHE L7213 3R TRE LT
v, BE i o8 L b B A8 RYE PG 0¥
BIZOWTHE L 7.
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1. MBSV HE

1) EEHE
HBHFEIZIZ96 7 2V 7L — B X35 mm %
OEFEMEZFH L2, 967 = V7L — M3, ikt
% Alamar Blue™\Z X 2 Mgy 5s )& (2fEH L 72,35
mm FOFFENIZ, HARGRREEKE D 5 55 H
L7-ikgfife (k27 F—, L) % 10X 10 +%FE L
14 H M5 # %47 > 72. Majima & O EY I26E > TH
FRERE L DBEL -G HK PG &, HH(10%
FBS, 100M 7 A2 VK U, ~=31) ¥ - A ML
7 b< A ¥ v % &t RPMIL640) i EE A% 1 mg/ml
Z7% 5 &) ITHHB LR -8 L 5512 PG iR
MUz WEEZ T THB L 72, PGB HIZCHL T &
(A2 |)IH L <l L 72,
IRTCEEEIZIET7TTFRaT—F U4V (3% 1 Kl
T=rr, &, ER) xRk, a7-57 U7
L PGORET VICREKEMIEZ 1.2 X105 /ml ©
JERECWM L, 35mmEORFEM L2125 T L
72(125, 0 DFVHIZ PG IX 1 mgiRA). PG ZIRA L
BWTaT =7 v )VEMCReE e 2 @l L 7o 8
L7z,

2) #HfaIEiERITE

96V VT L—FraHWw, 17 )bH7zh 4X10°
g g 2 3EFE L, PG IE SR ISR LE
@il 72 (PGOo, 0.1, 0.5, 1.0mg/ml). ¥#1~6
H 1% (2 Alamar Blue™ % 553 RN L, 4 BRI
HOLE % HE L7,

3RILEE BT kEMiagm, wEMiaw
Brveasr—EoEmL, BIRLMEEE b
VIS TN =T LANEY A P XA —F—THlEL
7

3) Real-timePCRIC& % mRNARIRNTEE
HIgRi#E & 3 R E O FMILA S total RNA
P L, SEERBERICL ) A DNA ERLL
7z. Assay-by-DesignM service TIEH N7z 7T A
~ —38 L 70— 7 (TagMan MGB probes, FAM™
dye-labeled, Table 1) % Jfl \» real-time PCR # fitifT L
7z (ABI Prism 7000 Sequence Detection System,
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Table 1 Sequence of the designed primers and probes for quantitative real-time PCR

Gene Forward (F) and reverse (R) primers Probe
COL2A1 F | 5-CCCCACGCCCACTCG-3’ 5'-CCCAGTTCAGGTCTCTTG-3’
R [ 5-CCCAGCTTTTGTTTTGCAGTCT-3"
Aggrecan F | 5-CTGCAGGCTGCCTACGA-3’ 5'-CCACCAGTGCGACGCC-3’
R | 5"~-CAGTCTGATCAGCCAGCCA-3’
GAPDH F | 5-CGACCACTTCGGCATTGTG-3’ 5'-CCACGGTGCACGCCAT-3’
R I 5'-CCCGTCCACGGTCTTCTG-3’

o 3000

g —o— (0 mg/ml
8 2500 | —e—0.1 mg/ml
7]

2 —4— 0.5 mg/ml
e 2000 g 1.0 mg/mi
=

o 1500 |

=

= 1000 |

]

«

E s00 |

=

<

1 2

4 5 6

Incubation time (days)

Fig. 1 Effect of exogenous PG on proliferation of chondrocytes in

monolayer culture

Chondrocytes of each well were cultured in concentrations of
0,0.1,0.5, and 1.0 mg/ml PG. At the indicated time points, cell
growth was estimated by arbitrary units of fluorescence inten-
sity using Alamar blue assay. Data represent average of three
independent experiments+S. D.

Applied Biosystems) (L2514 95 C15 %, 7 =—1
7 /RERIE 60C 147 TCT40 41 7 V). #EinT33H
g ctEIicL VEELZ.

HgHE B L U3 JotH & ICH V2 BRI O A A
5% total RNA # i L, RERICEZTFERZHFX

72 (control) .

4) #EFRY, REBRFAVEHE

GAG DEEZHERT L7120, ey L %
TIVYT TN —TCgE L7 NBaF7-r g
wit, e VMR- U k(E—7714 073
Atk Il Wit 7.
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2. # R

1) S EM PG IC & 2 8B MREEIEEDR
HIEE: 2 T O EYE PG DM EHE B 5 %)%
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2, BEMRIIERICHEBEL, v Fax—-2 324
HEBICHEEEIZ ST b—I1E L. 3HEDTF—%
TIZRE KRR ICELEOMIMEZ RO, PG RN
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0O Collagen gel

B PG-collagen
mixture gel

After 21 days of culturing
in three-dimensional culture

Fig.2 Effect of exogenous PG on proliferation of chondrocytes

embedded in collagen gel

Chondrocyte—containing gel which was mixed with exogenous
PG or not was placed in a 35—-mm diameter culture dish and
cultured. After 21 days of culturing, viable cells in collagen gel
were counted after collagenase treatment. Data represent

389

average of four independent experiments=S. D.

15 DM TH - 72, PGHRMIEE 05 B LT 1.0
mg/ml D E A IE PG IERINC B L CTH I8

L CTw7z(P<0.05).

3 RICHEEE 21 H A OMIKBIEI O R & Fig. 2 1R
¥. PGRAEZF—7r Iy IVvAOMBBEE, 27—
FUAVEMICHE LY ISEICRESNTBY A
# 7% % 72 (Collagen gel : 8.5+0.78 X 10°f#, PG-
collagen mixture gel : 12.4+2.89 X 10°f, P<0.05).

PLEX b, HERETIIPG ZE/MNISHMT 5
Zrizky, FL3RLEETIZaATI-FT TN
PG #RAETHILICL ) MBI RESIND Z
EDbhroTs.

2) HEM PG HPHRBERENBEFORRICKIZT
218

1

g1 ﬁ%iﬁﬁﬁ’ﬁwf SLRE PG Ak
BOGILIC RIZT B % HE L7, Real-time PCR
ICEBRE 4 BBROEREREDOHRK R Z Fig. 3 1IR
‘TPG(Wﬁ B 53T PG IERMEE I B L
TUEaS -4 1/1212, 770 8 5% 2/5
IIETLTEY, IE IS -7 0RBITKF0
ICEEEZRD7-(P<0.05). F72, PGIERMEFT

Xz, IBas—4,rBIX0T7) 0 yOFERITa
yha—vERERLTESUEET LT (Fig.
3).

3 RICHE#E 21 H # O real-time PCR D5 % Fig.
4IRT. TR a5 — /AU ORBRIIEEEZEDY
#ofﬁ TIZ)H Y DEBNPPGIRES IV THE
T LT (P<0.05). ML b AT -5~
®“ﬁu3/%U~ ICHE LML Tz,

3) 3RTIELEIZH VT 2HBHRMEBOIK

MEE L7Vl X ) b 7V TR 2 %I
b,77m%%&TéMﬂ®%ﬁm%ﬁm%&M%
L L7 & Bbh A SHESEMRBAIE ARAE L Tt
A, ORI 7 VBEIZE D & CHFEL T,
MO sk g MR E B <1, ML L7z L
Bbhrr)ayr3 sz sy (Figs BLOUNHE
a5 — %4~ (Fig. 6) 7%t S LT\ 72728, #RAESE/HTa
KRBl s h T h o7z, W% g
L7234, PGRETZ NV TIRHMBEIEEL THEL
TBY, 2OREpr)ayI ) ) arelfia
F— AR I N TWE X ) ICRZ .

31



BURAEEVOL24 NO4 390

>
=]

Type II collagen Aggrecan
1.2 1.2
) Control < Control
2 O PG 0 mg/ml 3 0 PG 0 mg/ml
<Zt H PG 1.0 mg/ml <Zt 0.8 | B PG 1.0 mg/ml
& &
£ £ 06
2 2
= Z 04
- =
& & 02t
0
After 14 days of culturing After 14 days of culturing
in monolayer culture in monolayer culture

Fig. 3 Effect of exogenous PG ontype Il collagen and aggrecan mRNA levels of chondrocytes in monolayer culture
Chondrocytes just before being dispensed in 35—-mm diameter culture dish were used as control. After normaliza-
tion to glyceraldehyde 3-phosphate dehydrogenase, the results are expressed as the fold increase of expression
with relation to control. Data represent average of three independent experiments=S. D.

A © mRNA expression of type |l collagen. B : mRNA expression of aggrecan.

A Type II collagen B Aggrecan
1.8 2
L6 Control Control
E il Coll 1 [
o 14 ollagen ge E 15 O Collagen
< 12} B PG-collagen mixture gel [} <« gel
é i é B PG-collagen
mixture gel
E sl E ! #
2 o) z
= =
% 04 = 05
& o2l X
0 0
After 21 days of culturing After 21 days of culturing
in three-dimensional culture in three-dimensional culture

Fig. 4 Effect of exogenous PG on type Il collagen and aggrecan mRNA levels of chondrocytes cultured in collagen gel
for 21 days
Chondrocytes just before being embedded in collagen gel were used as control. After normalization to glyceralde-
hyde 3-phosphate dehydrogenase, the results are expressed as the fold increase of expression with relation to
control. Data represent average of three independent experiments+S. D.
A : mRNA expression of type 1l collagen. B : mRNA expression of aggrecan.

=T BIOT ) CORBEFET S, &

3. = FIZ PG FEEHPNCAI L 7285134 7% {, Takeda
51X cartilage matrix deficiency (CMD) < 7 Z D #k45

RSB R E 12 BV TN~ DO/ EE PG MR EICBWT, WEHROPG 2 MY 22 &
H53, EMBOHEEYRETLZLODIN R WCEVEELRN) v 7 ADEJBPEFL L2 L
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Fig. 5 Histological study for detection of PG in chondrocyte—containing gel cultured for 21

days

4- um sections were stained with alcian blue for evaluation : (a) control group gel

and (b) PG-collagen mixture gel.

Fig. 6 Immunohistochemical study for detection of type Il collagen in chondrocyte—con-
taining gel cultured for 21 days
The type Il collagen was immunohistochemically stained using mouse anti—
human type |1 collagen monoclonal antibody and a Vectastain Elite ABC kit : (a)
control goup gel and (b) PG—collagen mixture gel.

L 729, Tsukaharad b [AREO MBI BT 5
T AT7atxrF r OREERED, REHEKPGIZ
SVIEFLT AL E#ME LAY, oF hEEHK
DPGIIEHBEBICARNTH AL I ENFTFHINS.
L2 LadsbitbhofRTid, 4R PG (i
BB O S ALHERR AR B 7oL B L
W 723 MBS % PG IREDEWDZEET S
h, FhHERELEZSNAS. Zhang H1E, V)2
CEF U FTHEEILIEN- (T FaLF >
il PG=CSPG) ik Mila D 2 55 2 &
PHRELTVAY, ZFORFEELELT, N—=YH D

Gl FAAL Y HREHMBOESE* REEIITAHIL
XD HESEM E NS ERRT WD, [ S
NV—TDYang 5%, ¥ b v 7 AG5F-OAEHEH3
RICHEEDEIRLMIL-~ b)) v 7 ABOREEI
ORPHIEEFRELTVEY, MloEE L
T CSPG S PHEMICH C Z L I3BEILHESINT
BB BEMEOEEICEE ST LT
HILEDBTREND, LALaDS, HEAEHELM
B OZEM R T T A=A LIEVEEAHTD
D, A7)y EMNLIZHBEROELA R L
TWaHhd Lhewnd,
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NTwiew, 72721 PG Tld % { GAG DX R % s
L7:#Eid v <22 #H 5. van Susante 5 (3 [ #l
F—=Frizary FafF UmEECS) 2 EEE X
W7z scaffold N CEAEMIfg 2 55 L, [ Blas—4
> B0 scaffold |2 Fek L C Al 34 5 <0 k5 T2 1 At
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K RFFREHE IR A 70 & O WA AR D 2L
A, MifadiAE, %), B, 5k SoMBEEE A
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availability |22 W TOEE LRI L TV 25 5 A
BT—=FIIRLTWwhEW, PGR2a5—45 7 ViZ
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DHKLFEEN AT CS DRI TIRAE S M 72316 28
L72BD7IVIZEIZCSPG A5 A MY, £512h
NbNATR L - B2 B 54 A PG 0 1
TEERNE2 S L, PGZFDH DHHHEIZEEL T»
HILNTFHEND., PGIRESVTT S ) A D
BEPKIETITBL LT85, SAHEMEICINZ 7
PG "M PG OB ZHIH L7202 b Lk,
AWETIE PG OREXMHFT 270 FRETPG
TRV, KBETORFPLELEZ LN,

CS & CSPGDEWIITEHDEETH A, I7
HHZHETAPGIIRHEINETH L0, 2hE
TIIHHANES % CS TOAMEEI TN T X 72,
LA LA 5AMEKNO CSPG X, a7 &AL T
OYEERY) v 7uT A L E LEBERTTERT
BT EIZEDVERBEENICETE SN F OB T RiE
LTw5, a7&A%Z LICFOERRIIELL V. B
o, ~oXT VU HREE PG O 3 T & AKE 5L % e
TAOEMPELABRRIHEY L H D L0 5, CSPG DO
TERHICOEELRBENEINATVWE2L Lk
V. A1, GAGIZD b A AT T EADTEM 7 HRE
B, WM HE TS GAG L a7 EAOBEENKE
202X ) A L7z AL PG » 5 % 5 scaffold D
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Behavior of Graft and Host Cells in Early Remodeling Process of

Bone Tunnel after Tendon Graft
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Green fluorescent protein (GFP) y 5 > AV = v 7 I v + # v TlBH#%EILA O B
VETY V7B AETE - BidilBo#EZME L7z, ABETIEIGFP I v }‘ﬁﬂﬁﬁ HFILA
ICEAMRT v TR L AREBAEL, BEHTIIHART v MCGFP I v M7 X L A% Bl

L7z, ik, 3, 7THICHE BB X OGFP 7 v Mo BIZE 21772, ABE3 HTIZE®
— R A D 1E F GFP M ikfila % 220, 75111%@&@@%“% B#3 HCIl3BMN I
i GFP B Eifa 2 26755, THTIZFORIIKA L. DEdS, BHKEHD S Bk

DEEMRICLLERPELCTVDE I EFHLNE L of

@Abstract

The objective of this study was to examine the behavior of the host and graft cells in the early
remodeling process of bone tunnel after tendon transplantation using a green fluorescent protein
(GFP) transgenic rat. In Group A, Achilles tendons of wild-type rats were transplanted into the
bone tunnel of the GFP rats. In group B, Achilles tendon of GFP rats were transplanted into the bone
tunnel of the wild-type rats. At 3 and 7days, sections were stained with hematoxylin and eosin and
GFP positive cells were also observed. In Group A, small number of signal positive host cells were
found in the graft at 3 days, which increased at 7 days. In Group B, signal positive graft cells were
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found in the graft at 3 days, which decreased over time. In conclusion, replacement of graft cells by

host cells occur in the early remodeling of bone tunnel.

U &I

B 5284747 (anterior cruciate ligament . ACL) {815
xP T BEEGEE LTHRNLA MY ¥ VRS
2L BEEHEM AL AT T &Y. LaL,
AT 2 SR O B S & B fLEE & O AR
GICEHMZ2ES 5720, BoAR—-y K% H
L, BHEOEEHE, BER % EDERF
BRI YT RoG B RSN TE2Y, $£7-
BWETVICBWTEY A P AA ColcHICE )M
o A=W S0 2 B AR AR AL O fEAT KA LN TE
72479 L L, MRS 2 a L - AR R O
FIF R 2 S+ 5 7201213, B BEEED
MEIC BV A 1E EHK (18 F) Mg & hEkE ik (B
fitil ) A O BYRE A R L, B/ 2 M LM T O
BSIICHT ALEYDH L. AiFzEo HIZEET
MATy MERWBBMETVEERL, 5IA
TOHBEBRICBTA21EE, BHEEMROEL
RS A ETHo7-.

1. ¥RBSLUVHE

x5 12 1% Sprague-Dawley (SD) 2 7 v M IZFE 7
TN HET bkt ¥ » 237 E (green fluores-
cent protein . GFP) O #{x % 8 A L 72 12 i O
GFP &fzZ¥# A v F(GFP 7 v F)10 L& SD %
(FF4R) 7 v P 10EE W2, EBEWZ AR, B
BO2BIC5, ABETIZIGFP 7 v MO KBRS EMH
LI ICESE 2 mm OFFLEER L, ¥Rk
Ty AL LT L AREERLFILHII
R L7, AR TIZ T ¥ L AREZ A B B f
L, @A TR hFENa T 52 5 B TR
S ckeE | 7 FREO TR THCEAEKT v M
EB L 72 BILNICGFP 7 v b b LT F L
AfEE B Lz b0% BH L L7z (Fig 1,2). st
EELEZTbTr—YATHE L, BER, 3,
7 HICKBRE B AR L, 4%/37 K VAT VT
N - BRI C 24 R OMBRE E %, 06M = F

Ly Y7 3 v UEEER (EDTA) I & ) i T 2 AM
BiFK % 47> 72. OCT compound TEM L, Bl
il /71112 cryostat (Jung CM3000, Leica, Germany)
TIE S 14 um O 2 E# L, hematoxyli-
ne—-eosin (HE) 4412 & 2 Mk tRat 2 1ro72. £
7z, bt L — W — BEMEE (LSM510, Zeiss, Ger-
many) % f\» T GFP B AN 0 B 7E 12 2 W THRES
L7z,

2. & R

HE 45 Cld, itk 3 H TRMED 6 IZE5E
wilorz. F7-, BREEGILOEFIBIIHETD
D, BRI SIEMAL AR L T\ 7z (Fig. 3a,b).
flife 7 HCIX, il s SILOBFEIM % &4
BRI RSN, IME»SHEEOKE S o7

GFPZ v + FEH®S Y b

Fig. 1 Experimental groups

Fig.2 Tendon transplantation
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Fig. 3 Histological findings at 3 days (HE)

a . Lower maginification,

b : Higher magnification.

Fig. 4 Histological findings at 7 days (HE)
a : Lower maginification, b : Higher magnification.

%ﬁ%%%ﬁﬁﬁLfvf.it,ﬁ%%ﬁlU%
MEREAN M H A 2 32 72 (Fig. 4a, b). S L —
Y-S L B GFP[ A DEIEETlE, ABED
BHEEZIZBWTHEEEHIZIISED GFP BitE
EMBLAFAE L 722%, FAEREAN 1213 GFP Bt %
ROLo7z, Bk 3 HTIIIEREICEED GFP
Ptk FAREASEAE L, Al Cld GFP It 1E =
HRaEE AN ER B FLI O — I FRRIC A LT 7z
(Fig. 5a). BHlf% 7 H TIXBHIEN O GFP 5+
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Mifg XL, BhkEO—HIC hwf%%mmwﬁ
T2 L 721 F MR SHAME IS - TRFIL Tw
o HE%@T?%%'W@%%&@%%LLJH
ZHIlE B & UH8ETE ML GFP & 7 F VDTG
FHIKLTd - 7 (Fig. 5b). BEEOBHE % TIIBH
BRI DA m@%ﬁm%m%m@ﬁﬁﬁLt#lﬁ
PO fE 45 BE 1213 GFP By 4 il et 4 g %

#ot.%ﬁ%SBETd%ﬁEﬁkmﬁk%ﬁ@
NDHIZLED GFP MR SIFE L, BREIC
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Fig. 5 Sections by confocal laser scanning microscopy of Group A
a . 3days aftertransplantation, b : 7 days after transplantation.
B : Bone, | :interface, T : tendon.

—

100 pm

a b

Fig. 6 Sections by confocal laser scanning microscopy of Group B
a . 3days, b :7days.
B : Bone, | :interface, T : tendon.

(X GFP [ ML % 520 % 5 > 72 (Fig. 6a) . #Hififk 7 72V L L, B & SR A 2 B A &
TIIRHEBEN O GFP Fn Ml 3 L 72, B HELT, BRSPS FENIC T EMEEZL > TE
(X FBHETR 3 H & [AAIC GFP B o R Al i i % 32 LEL AT ADICRBBZET L VI)REE D
7 7 7= (Fig. 6b) . D, Mo REHM SR ST A 72012, BRiEO
FEEHiE, BERNZEICELE M}j = 7E &

3. # =& ﬁ'w oY BAFTHITE 7. Clark 5213 AR
FHILTORNREEE I cross—pin *x WA Z & T

ACLEBBIZHTEERENLA M) Y TREZHW ?5“ ]i@lnlu_lvﬂﬂ] MEDSE 2 DB ZEES RO

s

T8 RN, FORE LEESHRESNTE A L3 L, Shino 53 3B HEEEZ —%E L 72 #1HH5R
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5 2 THIREMICBAERE Z &% 3 % 72912 double
spike plate * i\ 5 ik i L 7.

F - AW SRR Z2E TlE, Rodeo 5813 KETF
)V CTHEFEAERES (245 LN |2 bone morphogenetic prote-
in-2(BMP-2) #5734 Z & TRBHEZEOBE AR
RMETE D L i L, Martinek 5YIIRBET IV
TT7T7/ IANVAXRY ¥ —% T BMP-2 #n T
% R | E A L B2 O & fLN T OIS EFE AR
HEINDZ L EHE L. Sakai 5V IZFRTACL %
FAEME L AR E TV 2 ERE L, KEED
transforming growth factor-betal (TGF-betal) & epi-
dermal growth factor (EGF) % #Ui#H L% D ACL (23
fiTHIELTHSRYBEDKT2IHTE L Lk
HLTWS, LaL, SHICAMEYA M4 0D
FEERHHAZAFE T 4 72O I BHK OIBHERKERIC
BUIAHEBEAXHONICT A EPLETHL L
ERA. BHEEOFILNEHEEERE BT A1HEE,
R O B)E 12D\ T Rodeo 5191%, HE 4
12 & B Mk pEZE CHIRRTERE A S BB O 15 £ 558
MR SRR D SR ICE 53 5 L L7z, LA
L, faEMie & Baatile = m® S 5 2 L IdH
HETHY, BEMROGILABESESERICB TS
NoOMIADOENREIZEH S AT,

EEDOGTHEYFOMEA I EEZFEABYO
RS R ENTEZ. 20 LR I LB
EN72GFPIZT v b invivo IZBWTHEME T,
GFP Bz F%EALLT v MR I AL 12,
GFP v POMKEZIZHEEFRROEAEKT v

B L7256, BamIIZEMESE L 2w,
GFP Z7 v MO 28w 2 RRADOTFAEKT v
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VEHT HBNRMEOBIRA TR 2L, E72,
WIZGFP 7 v MIEE L 72ELANICEA%T v b
PHORRML W2 BT 5L TGFP ¥ 7+
*ETHEEMBOBERSITETH S, bbb
HZERBHE 7V CrE F M & i 2 B2 X
S5 % 72812 in situ hybridization % % T & 72
A1 KR TR GFP 7 v F TIZMIBE &
GAM S SENC:S) iPADPAV A & i W WA oE 254 - 1K 3k
2O IV —F -SSR TH S (18 FMlfe & B
fEfE 2 X L TEET A2 LA TRETH - 7.
HE Zeta TOMBEFAHIRET TIIBHRE & Sl
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Recent Tennis Injuries in Japan
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@ Abstract

Although the way people play tennis has changed as new techniques and equipment have been
introduced, there are few recent reports on tennis injuries in Japan. The Japan Tennis Association
Medical Committee (JTAMC) was founded in 2001 to help both top-level tennis players and recrea-
tional tennis players and now consists of 58 medical doctors and 8 athletic trainers. Here we report
the type and frequency of tennis injuries incurred in the years since 2001. Data were obtained from a
survey questionnaire of recreational players in 2003, and from the care records kept by our athletic
trainers during the All Japan Tennis Championships in 2001, 2002 and 2003. The results of this study
are as follows ; 1)In Japan, many recreational tennis players have injuries and disorders of upper
extremity. 2) Japanese top-level tennis players most frequently have incurred low—back pains, and
the number of lower extremity problems has increased compared to 12 years ago. We need to collect
more data to help prevent injuries and disorders in Japanese top—level tennis players and recrea-
tional tennis players.
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Introduction

Tennis is one of the most popular sports in the world
and is enjoyed by millions of people from 3 to 103 years
oldV, according to the STMS (Society for Tennis Medi-
cine and Science) 5 World Congress.

Tennis is played throughout the year, especially by
top-level tennis players. Verspeelt? has reported that
the average down-time, interval away from competi-
tion for top-level players, is only 3.1 weeks/year,
which allowed little time for recovery and training. In
2003, the WTA tour decided to shorten the tournament
duration, by 1 week in 2006 and by 2 weeks in 2007, to
help prevent injuries and to extend the players’
professional lifetime.

Today’s tennis rackets are lighter, stiffer, longer and
wider than those 20 years ago. Although the way peo-
ple play tennis has changed as new techniques and
equipment have been introduced, there are few recent
reports on tennis injuries in Japan. The Japan Tennis
Association Medical Committee (JTAMC) was founded
in 2001 to help top-level tennis players and recrea-
tional tennis players. The JTAMC now consists of 58
medical doctors and 8 athletic trainers. The JTAMC has
undertaken surveys on injuries and disorders. Here we
report the data obtained from a survey of recreational
players in 2003, and from the care record kept by our
athletic trainers during the All Japan Tennis Champion-
ships in 2001, 2002 and 2003.

Materials and Methods

The JTAMC designated a questionnaire to collect
data on injuries and disorders in recreational tennis
players (Fig. 1). The questionnaire consists of 35
questions. A survey was conducted nationwide in 2003,
and 147 males and 178 females responded. Their aver-
age age was 42.1 years.

The athletic trainers of JTAMC have also kept medi-

cal care records concerning injuries and disorders
incurred during the All Japan Tennis Championships in
2001, 2002 and 2003. The total number of participants
in these three championships was 1,067, including 545
males and 522 females. The total number of medical
care records examined in this study was 1,005.

Statistical Analysis

The relative frequency (%) is calculated for dividing
the number of injuries or disorders by the total number
of each category.

Result

Among the injuries in recreational players, the most
frequent site of injury was the ankle in 17.5%, followed
next by the elbow in 14.5%, the wrist in 11.3%, the leg
in 10.1%, the shoulder in 8.1% and the low back (lum-
ber region) in 8.1%. All injuries in an upper extremity
constituted 33.9% (Table 1).

Among the all disorders of recreational players, the
most frequent site of injury was the elbow in 27.7%,
the wrist in 16.4%, the knee in 14.2%, the low back in
13.5%, and the shoulder in 9.9%. Disorders in an
upper extremity constituted more than 50% (Table 2).

Among the injuries and disorders in top-level play-
ers, the most frequent site of injury was the low back in
20.5%, followed by the thigh in 15.1%, the shoulder in
8.8%, the leg in 8.1%, and the elbow in 6.3%. Unlike
the disorders in the recreational players, injuries of
upper extremity constituted only 17.2% (shoulder
8.8%, elbow 6.3%, and wrist 2.1% ) (Table 3).

Some players in these championships required fur-
ther medical treatment in the hospital.

Case 1 : 28-year—old male (Fig. 2).

Diagnosis : right distal radioulnar joint instability on
motion.

He experienced pain in the right wrist when he made
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Japan Tennis Association Medical Committee

Questionnaire : Tennis injuries and disorders

NAME : AGE : GENDER : M/F

The purpose of this questionnaire is to help prevent tennis injuries and disorders.
This questionnaire is only for medical use.

Qf.
Q2.
Qs.
Q4.
Q5.
Q6.
Q7.
Qs.
Qo.

Q10.
Q1.
Q12.
Q13.
Q14.
Q15.

Q1é.
Q17.
Q18.

Q19.

Q20.
Q21.

Q22.
Q23.
Q24.
Q2s.
Q26.
Q27.

Q28.
Q29.
Q30.
Qa1.

Qa2.
Qa3.
Q34.
Qa35.

Which is your dominant hand, right or left?
When did you begin playing tennis?
Which kind of tennis did you begin ; soft tennis or tennis?
Which is your tennis level ; a beginner, middle—grade player or competitive?
Are you a competitive tennis player or professional tennis coach?
Did you belong to a high school or a university tennis team?
Have you ever taken any lessons in a private tennis school?
Which is your forehand stroke, the one—handed or the two—handed?
Which is your backhand stroke, the one—handed or the two—handed?
How many hours do you spend playing tennis in a week?
Do you do a warming-up? If “Yes’ , how many hours do you spend?
Have you ever had any tennis related injury? If answer is ‘No’ , go to Q24
Where was your tennis—related injury site?
How severe was your tennis—related injury?
Do you remember the diagnosis of your tennis-related injury? If ‘Yes’ ,
please write down the diagnosis.
How old were you when you suffered the injury?
What were you doing when you suffered the injury?
What type of play were you doing at the time ; smash, serve, stroke, or
other?
What is the cause of injury ; falling to the ground, collision to the equipment
or the person, or other?
On what kind of surface did you play tennis?
Did you receive any medical care? If ‘Yes’ , where did you go to treat the
injury ; a hospital, a clinic, or a bonesetter?
What was your medical treatment?
Do you think the treatment was effective?
Have you ever had any tennis—related disorder?
Where was your tennis—related disorder site?
What kind of tennis—related disorder did you have?
Do you remember the diagnosis of your tennis—related disorder? If ‘Yes’ ,
please write down the diagnosis.
How old were you when you suffered the disorder?
What do you think was the cause for your disorder?
On what kind of surface did you play tennis?
Did you receive any medical care? If ‘Yes’ , where did you go to treat the
injury ; a hospital, a clinic or a bonesetter?
What was your medical treatment?
Do you think the treatment was effective?
Do you have, what we call, ‘tennis elbow’ ?
Any other comment you have for prevention of injuries and disorders « + -

Fig.

1 The questionnaire on injuries and disorders in recreational tennis players
The questionnaire consisted of 35 questions.




Table 1 Injuries in recreational tennis players in Japan

Site Frequency Incidence (%)
Ankle 71 17.5
Elbow 59 14.5
Wrist 46 11.3
Leg 41 10.1
Shoulder 33 8.1
Low back 33 8.1

Table 3 Injuries and disorders in top—level tennis play-
ers during the All Japan Tennis Champion-

ships 2001 ~2003
Site Frequency Incidence (%)
Low back 194 20.5
Thigh 143 15.1
Shoulder 83 8.8
Leg 71 8.1
Elbow 60 6.3

a forehand stroke, in September 2001. He continued to
experience pain even though after seeing several
doctors. In March 2003, he saw a doctor at St. Marianna
University School of Medicine, and was diagnosed as
having distal radioulnar joint instability on motion. X—
ray examination showed no ulna ( + ) variant, and MRI
also showed no triangular fibrous cartilage complex
(TFCC) injury. He consented to an ulnar shortening
operation, and fully recovered to play tennis at 6
months after the operation.

Case 2 . 27-year-old female (Fig. 3).

Diagnosis . SLAP injury.

She experienced pain in the right shoulder when she
served and smashed the ball, in December 2000. The
pain did not diminish and she saw a doctor at Shouwa
University Fujigaoka Rehabilitation Hospital in May
2001.

A physical examination showed positive Crank test
and impingement sign. On abduction, the right shoul-
der showed external rotation. A functional X-ray
examination® at 45 degrees shoulder abduction
showed scapula upper rotation and adduction of left
scapula, positive Cuff Index and humeral head upwards

BRAEFEVOL24 NO4 403

Table 2 Disorders in recreational tennis players in

Japan
Site Frequency Incidence (%)
Elbow 76 27.7
Wrist 45 16.4
Knee 39 14.2
Low back 37 13.5
Shoulder 27 9.9
displacement.

She took physical therapy, especially for strengthen-
ing the latissimus dorsi muscle and hip joint, and
achieved full recovery after 2 weeks.

Discussion

The JTAMC survey has found that recreational ten-
nis players most frequently suffered from ankle injuri-
es, 17.5%. Fukuoka® (47.5%, 1987), and the Sports
Safety Association (20.3%, 1992% and 15.8%, 1999°%)
has shown similar findings. The percentage of upper
extremity injuries, (involving the elbow, the wrist, and
the shoulder) has shown an increase in the past few
years. However these findings are different from those
seen much earlier. We need to investigate the details of
these injuries in the upper extremity to take preven-
tive actions.

In our study, the most frequent disorder involved the
elbow, similar to the findings of Fukuoka* in female
recreational tennis players. The second most frequent
disorder involved the wrist, constituting 16.4% of all
the disorders. The frequency of disorders (27.7% ) com-
pared to injuries (14.5% ) in the elbow may suggest that
some injuries may have not completely heeled and
developed into disorders.

Lateral and medial epicondylitis are common elbow
injuries. Lateral epicondylitis is more frequently seen
in recreational tennis players, caused by poor mechan-
ics during a backhand stroke”’. Medial epicondylitis is
less frequently seen than the lateral epicondylitis and
tends to occur in high-level tennis players’’, often
caused by chronic repetitive overload. Repetitive
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Fig.2 Case 1 : 28-year—old male (diagnosis : right distal radioulnar joint instability on motion)
a : X-ray examination showed no ulna (+) variant, b : MRI showed no TFCC injury. ¢ : X-ray examination
after ulnar shortenig operation.

microtraumatic injury is one of the causes for micro-
tears in muscle origin. Nirschl”’ has argued that the

term ‘angiofibroblastic tendinosis’ was consistent with Table 4 Incidence of injuries and disorders in top-level
the histological features of no inflammatory cells and tennis players 2001~2003 vs 1992
atypical fibroblast with vascular tissue invasion, and he : -

. . . 3) Site 2001-2003(%) 1992 (%)
ascribed these lesions to overuse. Nirschl® also sug-

. Low back 20.5 354
gested the risk factors for elbow tendon overuse. Thigh (5.1 L6
Those were 1) Patient age of 35 years or older, 2) High Shoulder 8.8 15.9
activity level (sports and occupational), 3) Demanding Leg 8.1 1.0

Elbow 6.3 11.5

activity technique and 4) Inadequate fitness level.
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Fig. 3 Case2 : 27-year-old female (diagnosis : SLAP injury)
a-d : functional X-ray examination® . a : neutral position without
weight, b : 45" abduction without weight, ¢ : 45" abduction with 3 kg
weight, d : neutral position with 3 kg weight. At 45° shoulder abduction
showed scapula upper rotation and adduction of left scapula, positive
Cuff Index and humeral head upwards displacement.

The treatment for tennis elbow is controversial. inflammatory drugs) are beneficial or likely to be
Only per oral and topical NSAIDs (Non-steroidal anti- beneficial. While the use of acupuncture, shock wave
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therapy, orthoses, or other long—term treatment with
NSAIDs is not supported by clinical evidence? . It has
also been suggested that lateral epicondylitis is not a
local disease, particularly in the chronic phase!”’. Some
studies have evaluated the effects of cervical spine
manipulation on the symptoms of lateral epicondlylitis
and found improvements in pain!'! ~ 1%/,

As for Japanese top-level tennis players, the most
frequent site of injury or disorder was the low back
(20.5%). Similar findings were reported in 1992
(35.4% ) (Table 4). Marks'® also reported 38% of
players on the Men’s Professional Tennis Tour missed
at least one tournament because of low-back
complaints. The action movement of combined torso
rotation and extension is generally responsible for caus-
ing low—back pain, and tennis strokes usually need this
type of action movement.

The treatment of low—back pain in the acute stage
always begins with rest. But if the low back pain is
chronic, the treatment of ‘nonspecific low back pain’ is
differentiated from that of structural abnormality'®’.
The ‘non-specific low-back pain’ indicates no specific
physical abnormalities on diagnostic investigation for
explaining the pain. This also includes muscle strains
and back sprains. The treatment is composed of rest,
icing, and medication. As the pain and muscle spasm
abate, exercise can be resumed for improving strength
and flexibility. The important point of the exercise is to
incorporate core stability exercises, i.e. supine core sta-
bilization, spinal extensions, bridging and balancing
exercises on the gym ball. The prognosis of nonspecific
low-back pain is as follows; 50% of patients recover
within one week, and 95% within three months!® .
Low-back pain with a structural abnormality includes a
herniated disc, fracture, spondylolysis, and
spondylolisthesis. In such case, further medical treat-
ment and intervention are needed'® .

Tennis players are trunk musculature asymmetri-
cally trained athletes, compared with the trunk muscu-
lature symmetrically trained athletes. In isometric
strength measurement, tennis players are stronger in
left-side bending than in right-side bending (643 N in
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left side and 557 N in right side ), and stronger in exten-
sion than flexion (835 N in extension and 638 N in

flexion) 17/

. Strength imbalance in the trunk muscle is a
possible factor in the etiology for low-back pain!®1¥’.
Balanced training of the trunk muscles may provide a
way for preventing low—back pain.

Over the years, it also appears that the percentage of
thigh and leg complaints have increased. The total of
thigh, leg or low back complaints now constitutes
43.7%, which is higher than that found in 1992
(38.0%). This may be due to change in tennis tech-
niques and equipment.

Japanese top-level and recreational tennis players
suffer from pain in various parts of the body. However,
the number of complaints in each part respectively
shows that Japanese top-level players complain less
often of pain than recreational players. That may imply
that recreational tennis players tend to use specific
parts of their body instead of their whole bodies when
they play tennis. To understand the difference in hitting
between Japanese top-level players and recreational
players, we need to study the players biomechanically.

Low-back complaints have constituted 20.5% of all
complaints reported by Japanese top-level players.
This can be compared to only 10% or so in other
countries?”’. We have to study the cause of this higher
rate in the future.

About 60% of recreational tennis players have expe-
rienced some kind of tennis-related disorder. This per-
centage was the same as for Japanese top—level tennis
players in 1992. However, this represents an increase
in frequency in recreational tennis players between
2001 to 2003, and this needs further research.

Summary

We have studied recent tennis injuries using ques-
tionnaire data obtained in 2003 from recreational play-
ers, as well as care records kept by our athletic trainers
during the All Japan Tennis Championships in 2001,
2002 and 2003. The results from this study can be sum-
marized as follows ; 1) In Japan, many recreational ten-



nis players suffer from injuries and disorders in the

upper extremity. 2) Japanese top—level tennis players

suffer from injuries and disorders in the low back most

frequently, and the number of problems in the lower

extremity has increased from 12 years ago. 3) We

should continue our studies to help prevent injuries

and disorders for Japanese top-level tennis players and

recreational tennis players.
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Study of Snowboarding Injury at Our Department
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@Abstract

The number of patients admitted to our hospital with snowboarding injury has increased over the
past three years from 3 patients in 2001, to 5 patients in 2002, and to 8 patients in 2003. Between
December 2000 and February 2003, 35 patients with snowboarding injury visited our outpatient
clinic. Of these, 16 patients (13 men and 3 women) ranging in age from 14 to 33 years (mean 22.5
years) required hospitalization and are reviewed here. The cause of injury was a bad landing in 12
patients, a fall in 3 patients, and a collision with another person in 1 patient.
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sent study, we have reviewed the snowboarding injury

Introduction treated at our department.
The popularity of snowboarding has increased mark- Materials and Methods
edly among young adults in recent years. As more peo-
ple take up this sport, the number of injuries has also Between December 2000 and February 2003, 35
risen. Hence, the most common cause of injury in patients with a snowboarding injury visited our outpa-
recent years has been landing after a jump. In the pre- tient clinic. Of these, 16 patients required hospitaliza-
I N 1) Department of Rehabilitation, Sakai Hospital, Kinki University School of Medicine
T 590-0132 #HilEIlH2-7-1 2) Department of Orthopaedic Surgery, Sakai Hospital,
ERRKFEFLFHEE) N E) 77— 3 VR Kinki University School of Medicine

TEL 072-299-1120/FAX 072-298-6691
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Table 1 Snowboarding injuries

0~1 4
Experience 1~3 7
(years) 3~5 2
S5 3
Regular 13

Stance
Gooty 3

Table 3 Mode of injury

Mode Number
Fracture 8(1)
Compressed fracture in a vertebra 5(1)
Dislocation or dislocation fracture 5(1)
Muscle rupture 1
Total 19(3)
(overlap)

tion and are reviewed here. These 16 patients (13 men
and 3 women) ranged in age from 14 to 33 years (ave-
rage 22.5 years) at the time of injury. The riding
stance, and the cause, site and mode of injury (used X~
ray) and treatment were analyzed in all cases for each
season.

Results

The number of hospitalized patients has increased
over the last three years from 3 patients in 2001, to 5
patients in 2002 and to 8 patients in 2003. The break-
down in the number of years of experience was as fol-
lows : less than one year in 4 patients, between one
and three years in 7 patients, between three and five
years in 2 patients, and more than five years in 3
patients. Therefore, most of the patients were begin-
ners or inexperienced snowboarders. The stance for 13
patients was regular, while that for 3 patients was goofy
(Table 1). The cause of injury was a bad landing in 12
patients, a fall in 3 patients, and a collision with another
person in 1 patient. The site of injury was the spine in 5
patients, the shoulder or shoulder joint in 4 patients,

BEZRAEVOL24 NO4 409

Table2 Site of injury

Site Number
Spine 5(1)
Shoulder or shoulder joint 4(1)
Elbow joint 3
Hand or wrist -+
Thigh I
Foot 1
Total 18(2)
(overlap)

Table 4 Invasive treatments

Shoulder or shoulder joint 4
Elbow joint 1
Hand or wrist 4
Foot 1
Total 10

the elbow joint in 3 patients, the hand or wrist in 4
patients, the thigh in 1 patient, and the foot in the other
1 patient (Table 2). Injury to the upper arm or spine
was the most common site of injury. The modes of
injury were a fracture in 8 patients, a compressed frac-
ture in the vertebra in 5 patients, a dislocation or dislo-
cation fracture in 5 patients, and a muscle rupture in
the other 1 patient (Table 3). Invasive therapy was per-
formed for 10 patients with the following types of inju-
ry ; shoulder or shoulder joint injury in 4 patients ;
elbow joint injury in 1 patient ; hand or wrist injury in 4
patients ; and foot injury in 1 patient (Table 4). At our
department, most injuries have occurred when landing
after a jump.

Case 1 . A 27-year—old man using a regular stance
with seven years of Snowboarding experience suffered
a compression fracture of 12th thoracic vertebra after
landing on his hip following a one make jump. The com-
pression fracture of 12th thoracic vertebra was treated
conservative for the frame corset. At present, he can
play snowboard without pain in this season (Fig. 1).

Case 2 . A 24-year—old man using a regular stance
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Fig. 1 Plain X-ray of a compression fracture in the 12th thoracic vertebra (arrow) in Case 1

with three years of snowboarding experience suffered a
right acromioclavicular joint dislocation after landing
on his right shoulder following a jump. The acromio-
clavicular joint dislocation was treated using percutane-
ous pinning, and a coracoid process fracture was
treated by invasive osteosynthesis. K-wires were
removed at four weeks after the surgery. An X-ray
taken at three months after the surgery showed favor-
able bone union. At present, he can play baseball with-
out pain, and without any limitation in range of motion
(Fig. 2).

Case 3 . A 21-year-old man using a regular stance
with less than one year of experience fell while snow-
boarding down a gentle slope. He suffered a left 5th
metatarsal bone fracture typical in snowboarding
according to Fujimaki et al'’. Percutaneous pinning was
performed using K-wires. The pins were removed at
four weeks after surgery, and then a foot orthosis was
used to allow partial weight loading. An X-ray taken at
three months after the surgery showed favorable bone
union, and at present, he can play sports without any
pain(Fig. 3).

Discussion

It has been reported that the incidence of snowboard-

o2

ing injuries is two to three times greater than that
observed for snow skiing?’ . Also, Shiotani et al®'found
that the incidence of an upper arm injury was high for
snowboarding. As reported by other researchers? >,
the number of snowboarding injuries has increased
each year at our department, and the incidence of
injury to the upper arm has been particularly high.

But there was not many winter—sports injury at our
department, because it was that our hospital was sec-
ond hospital.

Although a fall accounted for the greatest number of
injuries in the past, Taniguchi et al®’ found that the most
recent cases of snowboarding injury were the result of
making a bad landing after a one-make jump or half-
pipe trick. Hagiwara et al”’positioned a video recorder
near a one-make jump platform to record landings and
analyze the falling patterns and found that the hand was
used in 74.5% of the landings, a higher percentage than
that for downhill snowboarding at 53.4% (Mori et al®’ ),
suggesting that falling after a jump is different from
that during downhill snowboarding. In our cases, snow-
boarding injury showed that three quarters of all inju-
ries were caused by a bad landing after a jump. Our
results were same as their results. Also, they reported
that the hand on the uphill-side touched the slope first
in 66.7% of the falls, while falling backward it occurred
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Fig.2 Plain X-ray of a dislocation in the right acromioclavicular joint and a fracture in the coracoid-
process in Case 2
a : Preoperation, b : postoperation, ¢ : at 3 months after the operation.

a b C

Fig. 3 Plain X-ray of a left 5th metatarsal bone fracture in Case 3.
a : Preoperation, b : postoperation, c : at 3 months after
the operation.
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in 69.5% of the falls. Furthermore, they the classified
falling patterns into the following four groups . (1)fall-
ing sideways forwards to the downhill side, (2)falling
sideways backwards to the downhill side, (3)falling
backwards to the downhill side, and (4)backwards
bending in the trunk. Falling backwards to the downhill
side can result in a severe injury to the lumbar or head
regions, while backwards bending in the trunk can
result in a severe injury to the wrist, shoulder, head
or chest regions. In our cases, there have been many
falling backwards to the downhill side and backwards
bending in the trunk in the classified falling patterns.

Therefore, in order to prevent snowboarding injury,
it is important to forward position the upper arms dur-
ing landing to avoid overextending the hands and
elbows and to absorb the shock with the entire trunk. It
is important to learn these skills in snowboarding
schools and to wear hand and elbow protectors. Lastly,
it is important for individual snowboarders to recognize
their own abilities and avoid doing jumps and tricks
beyond their capabilities.

Conclusion

Snowboarding injuries treated at our department
between 2000 and 2003 were reviewed, and the results
showed that three—quarters of all injuries were caused
by a bad landing after a jump. Although an upper arm
injury accounted for most of the snowboarding injuries,
the number of cases with a spinal fracture is increasing
each year. The spinal fracture was about 30% in our
cases. Teaching snowboarders how to snowboard not
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only on slopes, but also in half pipes and on jumping
platforms, may be effective in preventing snowboard-
Ing injuries.
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Extracorporeal Shock-wave Therapy (ESWT)for

Scaphoid Non—-union in Athletes
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@Abstract

The purpose of this study was to evaluate the effect of extracorporeal shock-wave therapy
(ESWT) for scaphoid non—union. Since 1999, seven cases of scaphoid non—-union, involving six ath-
letes, have been treated with ESWT. All of them were male, with an average age of 22.6 years. The
time interval from the initial trauma to the treatment ranged from 5 months to 8 years. In all cases, a
single session of ESWT was administered. After the session, the fracture site was fixed with a cast
for 5 weeks. The clinical follow—up period averaged 9 months. Radiographic union was achieved in
six of the seven cases. The duration until the observed development of bony union was 8 to 12
weeks. The total time from the ESWT until return to sports was 2 to 6 months. ESWT is a new non-
invasive and effective alternative method to treat a scaphoid non—union.
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Introduction

A scaphoid fracture in a young athlete is difficult to
repair and frequently results in non-union. Several
researchers have reported their experiences in treat-
ing scaphoid non-union, involving various techniques.
McLaughlin!’ was the first to recommend open reduc-
tion with screw fixation of the fractured scaphoid. Her-
bert et al® proposed the Herbert screw fixation in
1984. However, the treatment strategies for scaphoid
non-unions are surrounded by several controversial
issues® ¥. With a success rate between 60% and 95%,
surgery utilizing an internal fixation device combined
with bone grafting is still the treatment of first choice
for a scaphoid non—-union. However, the surgical treat-
ment can sometimes lead to complications, including
unsightly scars, infections, temporary sensory loss,
and mild pain at the donor site for the bone graft. Con-
sequently there is interest in developing an effective
non-surgical technique for treating non-union.
Recently extracorporeal shock-wave therapy (ESWT)
has been suggested as an effective non-invasive tech-
nique for stimulating bone healing.

Since 1997, we have performed ESWT for non-
unions, and here report the efficacy and short-term fol-
low—-up from this treatment.

The purpose of this study was to evaluate the effects
of ESWT for a scaphoid non—union in athletes.

Materials and Methods

Since 1999, 12 patients with a scaphoid non—union
have been treated with ESWT by us. Among these 12,
there were 6 athletes, presenting a total of 7 scaphoid
non-union (one athlete presented bilateral non—union)
of scaphoid non—union. All these 6 patients were male,
with an average age of 22.6 years (ranging from 16 to 28
years). They participated in the following sports :
American football (2), soccer (2), snow boarding (1),
and volleyball (1). The time interval between the initial
injury and the treatment averaged 2.2 years (ranging
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from 5 months to 8 years).

ESWT was performed under plexus anesthesia in an
operating room. The patient was placed supine on the
operating table. The fracture site was identified by a C-
arm image intensifier and ESWT administered accord-
ing to the technical instructions of the OssaTron (High
Medical Technologies, Switzerland). After the fracture
position and depth had been determined, surgical lubri-
cation gel was applied topically over the skin region
which was then put in direct contact with the tube of
the OssaTron. The shock wave intensity was 0.25 J/
mm? (at 20 kv), and the number of shocks was 1,500.
After this treatment, the fracture site was fixed with a
cast for 5 weeks (A long arm thumb spica cast for the
first 2 weeks, and then a short arm thumb spica cast for
the next 3 weeks).

Follow-up was performed in the out—patient clinic.
We analyzed the bony consolidation in sequential radio-
graphs with posteroanterior, lateral, 30° oblique, and
stress posteroanterior views and conventional tomogra-
phy, with maximal ulnar deviation. A return to sports
was permitted only when the patient was able to partici-
pate without restrictions caused by pain or without the
use of a supportive device after achieving radiographic
union.

Results

The average follow—up period was 9 months (rang-
ing from 6 months to 2.5 years). Radiographic union
developed in 6 of the 7 cases. The average duration
until observed development of bony union was 10.3
weeks (ranging from 8 to 16 weeks). The time until
complete return to sports averaged 4.5 months (rang-
ing from 2 to 6 months). No complication was observed
in any of the 7 cases. Bony union was not achieved in 1
of the 7 cases—involving the patient with bilateral non-
union (Table 1).

Case Reports

Case 1(Fig. 1) : This case is of a 25-year—old male
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Table 1  Evaluation of patients with scaphoid non—union after ESWT
Delay in time from . i .
Age R Follow—up | Period until bony union | Return to sports
Case Sport el Sex | R/L | the initial trauma to ( ths) T ( ths)
w

years ESWT months eeks months
1 Snow boarding 25 M L 5Mo 5 8 2
2 American football 19 M L 2Y 6 8 4
3 Volleyball 28 M R 8Y 4 10 5
4 American football 28 M R 9 Mo 6 12 6
5 Soccer 20 M L 3Y 9 8 5
6 R 6 Mo 16

Soccer 16 M 29 5

7 L 8 Mo Not achieved

M [ male,R : right,L [ left, Y [ years, Mo . months

Fig. 1

snow boarder . He visited our clinic at 5 months after
the injury. He complained of tenderness in the anat-
omic snuffbox, and pain on dorsiflexion. The left
scaphoid showed non-union. We discussed various
treatment options, and ESWT was agreed.

Callus formation was observed at 8 weeks after the
treatment, after which he gradually returned to snow
boarding. Solid fusion was achieved at 12 weeks. After
the ESWT, he has experienced no pain and no
tenderness.

Case 1(25-year—-old male, snow boarder)
(a) Non-union in the left scaphoid before ESWT, (b) at 8 weeks after ESWT, callus
formation was seen, and (c) at 12 weeks after ESWT, fusion was achieved.

Case 2(Fig. 2) : This case is of a 19-year—old male
American football player . Immobilization was per-
formed for 2 months after he was injured. However,
bony union was not achieved. The delay in time from
the initial injury to the ESWT treatment was 2.1 years.
At 8 weeks after the ESWT, bony union was observed
on radiography, and at 4 months later, he was able to
return to American football.

Case 6, 7 (Fig. 3) . This bilateral case is of a 16—
year—old male soccer player . He played in the posi-
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(a)

(b)

(c)

Fig.2 Case 2(19-year—old male, American—football player)
(a) Non-union in the right scaphoid before ESWT, (b) at 5 weeks after ESWT, callus
formation was seen, and (c) at 4 months after ESWT, fusion was achieved.

tion of goal keeper.

After ESWT, bony union developed at 10 weeks on
the left side. On the right side, callus formation was
observed at 8 weeks after the ESWT ; however, bony
union was not achieved. He continued to experience
pain around the right scaphoid at 20 weeks after the
treatment.

Discussion

Lithotripsy has evolved into a standard procedure in
urology. Ureter stones require higher frequencies and
energies. Bones have an acoustic impedance of 4100
m/s, which is very similar to that of urinary stones,
whose impedance varies between 4,000 and 6,000 m/s.
For this reason, several investigators have studied the
effects of ESWT on bones. ESWT, theoretically, can
produce microfractures in bones, which, in turn, can
stimulate neovascularization, osteoblast formation, and
bone healing. A few experimental studies® 7’ have pro-
duced evidence regarding the stimulation of osteogene-
sis after ESWT treatment, but no quantitative analysis
has yet been published. Several studies have been
reported on the positive and negative effects of ESWT
in the healing of bony non—union.

Early clinical studies® ¥ from 1991 and 1992 have
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demonstrated the positive effectiveness of ESWT in
the treatment of bony non—union and fracture healing.
Reports have described the phenomena of local decorti-
cation and fragmentation that have led to a stimulation
in osteogenesis. More recent clinical studies!®~ 1%
have reported a success rate from ESWT in the range
from 72 to 80%, and no complications have been
observed.

The therapy is used for various types of non—union,
although the rate of bony union from ESWT is reported
to be low in cases with a large gap in the area of non-
union and cases of atrophic non—union. Aspects regard-
ing its application will probably be clarified further in
the future. There is no definite consensus regarding
this therapy’s effects on scaphoid non—union as well.
Causes of bony union may, in addition to elements of
non-—union itself, involve other factors such as the site
of shock-waves and later fixation. It was smaller for
the scaphoid in comparison to the position for the
femur and tibia, and a large difference in the effects of
the position of radiation was anticipated. In addition,
the fracture site was fixed similarly with a cast for 5
weeks, although this period may be insufficient depend-
ing on the case. Callus formation was observed at 8
weeks after ESWT on 7 cases , new bone formation
was induced by shock-waves, although adequate



BARKFEVOL24 NO4 417

(f)

Fig. 3 Case 6,7 (16-year—old male, soccer player, bilateral scaphoid non—union)
(a) Non-union in the left scaphoid before ESWT, (b) at 5 weeks after ESWT, callus forma-
tion was seen, and (c) at 10 weeks after ESWT, fusion was achieved. (d) Non—union in the
right scaphoid, (e) at 8 weeks after ESWT, callus formation was seen, but (f) at 20 weeks
after ESWT, bone union was still not achieved.

strength of union could not be achieved during fixation
with a cast and was surmised not to lead to bony
union , the apparent cause is still unknown.

Bony union rate is not the only valid criterion for
assessing the efficacy of the treatment for scaphoid
non—union. Restoration in carpal anatomy, as well as its
functioning after the treatment should also be taken

15~17

into consideration ). Although radiological union

does not alone assure a favorable outcome, it is a pre-
requisite for improved functioning. ESWT cannot cor-
rect humpback deformity in the scaphoid. In addition,
comparison to cases in which internal fixation was per-
formed with a bone graft indicates that callus formation
is gradual and ESWT requires a long period of continu-
ous immobilization in a thumb spica cast, so this is not a
therapy that promotes an early return to sports.
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However, there are no complications apart from the
negligible local reactions. In case ESWT is unsuccess-
ful, there are no alterations that preclude subsequent
surgery. The actual mechanism of ESWT is not yet well
understood and has not been extensively researched.
We require additional basic studies to understand the
mechanism of ESWT, and further studies to determine
the optimal energy density levels and impulse rates for
various conditions, in accordance with evidence—based
medicine. Long—term results also need to be accumu-
lated before ESWT can be compared with established
methods.

Conclusion

As an alternative to surgery, ESWT is a safe noninva-
sive and effective treatment for a scaphoid non—union.
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@Abstract

The effects of strenuous training and the timing of its onset to body composition, ovarian cycle
and bone mineral density were investigated in female rats. Training animals were divided to two
groups . Pre-R started training (treadmill running) before vaginal opening (VO) and Post-R started
training after VO. Weight-matched animals were used as control. Animals were first examined for
VO, and if VO was observed, then a vaginal smear was collected. In all rats, the body weight was
recorded every morning before training. The training regimen (25 m/min, 60 min, 6 days/week)
was maintained for three weeks. At the end of the three weeks, the animals were sacrificed, the
body composition and bone mineral density were measured using DXA.

Training lowered the body fat mass and elongated the ovarian cycle. Two Pre-R animals did not
attain VO. BMD was similar between the training animals and the control animals, and was nega-
tively correlated to the length of ovarian cycle in the training animals. These results were consistent
with other reports of findings in human female athletes.

O=EE

WL b L —= 2 72 ORER AR TS, B HE (S RTS8 R R & %
DOWEZ v MIZMLy FIWVTOTZ = 7% (25m/45, 604, 6 H/HE, 3:8EMH) %Mz 52
ETRE L7z, B L —= U FENCELOMER & A X TR, REMNEEZITo72. EBRE TR

BiE & Faculty of Sport Sciences, Waseda University
T 359-1192 PR =+ K 2-579-15

FLRGH RS A AR = Bt b

TEL/FAX 04-2947-6746

E-mail shunto@waseda.jp

61



BUREFEVOL24 NO4 420

(ZIZEA L DXA 258 CTHRHLEL & IEHEE B2 5H L 72,

ML ==Y 7 X DRBRIEASRA L, MEAAIER L 72, BB ORTICBAG L7z 2 LTI FEER
BEHICHOMRI O LD o7, BEEICR N —S Y FOFEIZEDEDS R P72, b
LoV FHETHREAMOES LAOHBEER L. T ORI LUAR—-—V EFIZALR

LR EBER—F L T,

Introduction

It has been previously reported that strenuous train-
ing induced menstrual dysfunction, and decreased body
fat and bone mineral density, in female athletes such as
long-distance runners! 2. The term, female athletes’
triad (FAT), has been used to explain the association of
amenorrhea, low bone mineral density and eating disor-
der in female athletes in strenuous training® *. Fur-
thermore, an early start of strenuous training has been
found to increase the incidence of such problems® 6.
Although this phenomenon has been known for many
years, few studies using experimental animals have
been reported to investigate the mechanism of FAT?.
Because experimental animals do not participate in
exercise by themselves, it is difficult to conduct a mean-
ingful study to measure the exact effect of exercise on
reproductive function or on bone metabolism in experi-
mental animals.

In this study, we investigated the effect of running on
the ovarian cycle and on bone density in two age groups
of animals in order to determine the influence if any of
the age at which strenuous training is started.

Materials and Methods

Female Wister rats were purchased from Takasugi
Incorp. (Tokyo). The premenarcheal model (Pre) were
rats at 26 days old without vaginal opening (VO). One
half of them started exercise immediately (Pre-R), and
the other half was the control group (Pre-C).

The postmenarcheal models (Post) were rats at 30
days old, and these were each followed until all of them
showed VO. At two days after VO, one half of them
started exercise (Post-R), and the other half was the
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control group (Post-C).

Animals were fed a standard diet (Oriental-Koubo
Incorp., Tokyo), provided water ad libitum and main-
tained in a 14 : 10 light : dark cycle at 23-25°room
temperature and 50 % of humidity.

1. Exercise regimen

Running exercise was performed on a small treadmill
(KN-73, Natume Co, Tokyo). Animals in the exercise
groups underwent a gentle one-week accommodating
regime (Table 1) and then given a 60-minute session/
day (25 m/min, 0% incline, 6 days per week) every
morning for three weeks.

2. Measurement of body weight and examination of
ovarian cycle

Each animal was weighed every morning at AM 6 :
00, before any exercise session. Also at that time, each
animal was examined for status of VO, and if VO was
confirmed, then a vaginal smear was taken.

Microscopic examination of the vaginal smear was
conducted after methylene blue staining. The ovarian
cycle was divided into five stages as Proestrus, Estrus,
Metestrus—1, Metestrus—2 and Diestrus.

Table 1 One-week accommodating regime

velocity duration
first day 10 m/min 10 min
second day 15 m/min 10 min
third day 20 m/min 10 min
fourth day 25 m/min 10 min
fifth day 25 m/min 15 min
sixth day 25 m/min 20 min
seventh day 25 m/min 25 min
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No significant difference between C (control) and R (running) .

3. Measurement of body fat, bone mineral content
and density

At the end of the training period, all animals were
sacrificed by deep anesthesia (diethyl ether). Body fat,
bone mineral content (BMC) and density (BMD) were
determined using DXA (Delphi ; Hologic Inc., USA).
In small animal mode, body composition (total mass,
lean mass, BMC and fat mass) and BMD were
calculated. The lumbar spine was identified on scanned
views and region of interest was set from the upper
margin of the first lumbar spine to the lower margin of
the fifth lumbar spine.

Results

Six animals in Pre-R and seven in Post-R com-
pleted the exercise regimen. Two animals in Pre-R and
one in Post-R dropped out because of leg injuries. Nine
and eight animals were matched for body weight at the
start of the experiment and served as control (Pre-C
and Post-C, respectively) .

1. Body weight change (Fig. 1)

Running animals gained less body weight than con-
trol animals in the Pre group. There was no difference
in body weight in the Post group.

5 4
4 L
3 L
2 L
14 ..

Post-C Post-R Pre-C Pre-R

Fig.2 Comparison of length of ovarian cycle between
groups
The length of the ovarian cycle is greater in R.
(Post-C<PostR, Pre-C<Pre-R * : p<0.05)

2. Length of ovarian cycle (Fig. 2)

Running animals showed a significantly longer cycle
compared to control animals in the Pre group and the
Post group. Especially, two animals (33% ) in the Pre-R
group did not attain VO until the last day of the
experiment.

3. Analysis of body composition and bone mineral
density
Although there was no difference in total body mass
and lean mass between the Pre group and the Post
group, the running animals gained less fat mass than
the control animals (Fig. 3).
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Fig. 3 Comparison of body composition between groups
* ! significant difference between two groups.
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Fig. 4 Comparison of BMC and BMD between groups
No significant difference between C and R.

There was no difference in the BMC or BMD in the
lumbar spine between the running animals and the con-
trol animals (Fig. 4) .

4. Correlation between body fat on length of ovarian
cycle and BMD
There was significant positive correlation between
the body fat % and the BMD only in the control animals
(Fig. 5). In addition, there was a significant negative
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correlation between the length of the ovarian cycle and
the BMD only in the running animals (Fig. 6).

Discussion

The optimal age for starting endurance training has
not yet been determined. For female athletes, strenu-
ous training at too young an age may disturb menstrual
cycle and delay the onset of menarche! ~*. One mecha-
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Fig. 5 Relationship between fat % and BMD
Significant positive correlation between fat % (F
%)and BMD (p<0.05).

nism suggested for these disorders has been the
response by hypothalamus to the physical and psycho-

8~10)and to the con-

logical stress of strenuous training
comitant decrease in body fat' ¥, The immature
hypothalamus-pituitary-ovary axis may be susceptible
to any response, and in turn menstrual disorder may be
induced.

There have been many studies investigating the
effects of strenuous training or mechanical stress on
BMD in experimental animals'® '*'. However, there
has been no study yet which has investigated the rela-
tionship between training and BMD in prepubertal
animals.

In this study, we have established an experimental
animal model of exercise-induced menstrual dysfunc-
tion and bone decrease. In female athletes on a similar
training schedule—at a similar volume and intensity -
some have developed FAT and others have not. That is,
the incidence of disorder was not uniform over all ath-
letes over a range of age, type of athletic activity, and so
on. Athletes who started endurance training at a
younger age have been suggested to be probably at a
higher risk to such disorder®’.

Our findings suggested that prepubertal start of
training induced a lower body fat mass and menstrual
dysfunction in experimental animals and that the latter
was correlated to low BMD. These findings are similar
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g.6 Relationship between length of ovarian cycle
(interval) and BMD
Significant negative correlation between length
of ovarian cycle and BMD (p<0.05)..

to those reported in female athletes who participated in
endurance training. Although a role of body fat in men-
struation has been discussed, some studies have found
a positive correlation and others have found none'® .
Female athletes with amenorrhea have shown a low
BMD!%and are reported to be predisposed to incurring

17-19) In order to prevent injury, safer

stress fractures
guideline is required for training in young athletes. Cer-
tainly, measures should be taken to ensure fertility and
protect skeletal health in female athletes if they were
to engage in endurance training. One method to pre-
vent FAT is to postpone the onset of training until after
menarche and to increase only gradually the volume
and intensity of the training. The threshold of physio-
logically endurable training ought to be determined.

Unfortunately, we could not analyze an adequately
large number of training animals because of the muscu-
loskeletal trauma caused by the treadmill. Several
injured animals dropped out from the experiment.
Safer instrument to train animals is required.
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A Case Report of Persistent Tension—type Tibial

Stress Fracture in a National Volleyball Player
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@Abstract

The case involves a volleyball player on the national team 14 months after he sustained a tension~-
type tibial stress fracture. To treat this case involving persistent symptoms, we focused on a light-
weight—bearing rehabilitation program. The program called for walking in a swimming pool and
swimming, which improves cardiopulmonary functions. The patient was also given training
designed to increase endurance of the upper limb, abdominal and back muscles. During the rehabili-
tation, the patient practiced volleyball skills such as catching and passing. For lower limb training,
the patient rode an exercise bike, did stretch exercises focusing on the hip joint, and muscular
strength training of the ankle joint, through he was not permitted to run or jump.

We also have applied low-intensity ultrasound fracture treatment device (SAFHS) in a case with
delayed bony union. At two months after the start of the treatment, there was relief from pain. At
nine months, the player could return to playing at full force in top—level competitions. We concluded
that the key to successful rehabilitation was avoiding strenuous exercise that could put a strain on
the lower limbs, at least until the final stages of the rehabilitation program, because such exercise
may delay recovery, as the injury was caused by jumping.
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Introduction

It is said that lower limb stress fractures prevent
many more volleyball players from playing than do
other volleyball injuries. We report here on our treat-
ment of a case involving a stress fracture of the tibia.

Case Report

The case involves a 25-year—old male, 183 cm tall
and weighing 73 kg. He is a setter on Japan’s national
volleyball team.

He complained of pain in his right lower limb. Nei-
ther he nor his family had a history of disease or other
notable health conditions. In January 2000, he began to
notice pain and visited a local hospital. Plain radio-
graphs showed no anomaly (Fig. 1), and he returned to
training.

In May of that year, he felt some discomfort in the

Fig. 1 Plain radiograph of the tibia at the initial exami-
nation : No abnormal findings
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right anterior tibia, and visited the hospital again.

Afterwards, he refrained from exercises involving
jumps but continued items on his regular training pro-
gram including jogging and dashes. In July, he felt lower
limb pain and instability and visited a different hospital.
Following this, he underwent rehabilitation in a swim-
ming pool once or twice a week, and then gradually
increased the amount of training again. In December,
he played in all of the Japan League games. After that,
his lower limb pain increased day by day. In March
2001, he was selected to be on the national team. He
subsequently visited our hospital for examination of
the residual pain in mid-March, 14 months after the
pain first appeared. On detailed examination, he pre-
sented tenderness and tapping pain in the middle third
of the tibia. Radiographs showed rarefaction in the cen-
ter of the tibia diaphysis and on the anterior cortex with
callus around the rarefaction (Fig. 2). The structure
matched what we saw in T2-weighted MRI images
(Fig. 3), which showed a high intensity area surround-
ing a low intensity area in its center. The condition was
diagnosed as a persistent tension—type tibial stress
fracture. We advised him to discontinue volleyball, and
started treatment using a Sonic Accelerated Fracture
Healing System (SAFHS ; Exogen Inc., Piscataway,
NJ). We also developed for him a light-weight-bearing
rehabilitation program. The program focused on walk-
ing in a swimming pool and swimming, which improves
cardiopulmonary functions, four times a week. The
patient also did training to increase the stamina of the
upper limb, abdominal and back muscles. For the upper
limb training, weightlifting, playing catch using a volley-
ball, and passing practice were included. The program
also included such lower limb training as riding an exer-
cise bike, and muscular training for range of motion
(ROM) of the ankle joint. He was not permitted to run
or jump.

At one month after the start of treatment, the tender-
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Fig.2 Plain radiograph of the tibia at the second examination reveals a radiolucent lesion in the
center of the tibial shaft and the anterior bone cortex, with bone callus in a certain portion

around the fracture area
a : Frontview, b : oblique view.

ness eased but rarefaction grew larger in radiographs
(Fig. 4). At two months, the tapping pain disappeared.
He continued walking in a swimming pool and riding an
exercise bike, adding one—kilometer jogging four times
a week. At three months, both spontaneous pain and
tenderness subsided. He then began two—kilometer
jogging four times a week. At five months after the
start of treatment, radiographs still showed rarefaction
but osseous eminentia on the diaphysis became less
pronounced (Fig. 5). He was allowed to do light jumps
and dashes and play beach volleyball. At seven months
after the start of treatment, he still felt pain when he
practiced for two or three days in a row, but the pain
was much lighter than when we first examined him. At
nine months after the start of treatment, the pain had
disappeared, and he played in a Japan League game. In
April 2002, at 13 months after the start of our treat-
ment, the radiographs still showed some signs of rare-
faction (Fig. 6), but he was completely relieved of pain.
He played and did well in the Japan Championships in

Fig.3 MRl observations
Coronal T2-weighted image shows a cir-
cular area of high intensity and a central
area of low intensity, both in the anterior
part of the tibial cortex.
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Fig. 4 Plain radiograph at 1 month after commencement of treatment
The radiolucent lesion is enlarged.

Fig. 6 Plain radiograph at 13 months after commence-
ment of treatment
The radiolucent lesion is slightly remaining. Clini-
cally, there is no pain.

Fig. 5 Plain radiograph at 5 months after commence-
ment of treatment
The radiolucent lesion is remaining.
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2002, 2003 and 2004, and in the Japan League in 2003
and 2004.

Discussion

In general, a volleyball player jumps and lands more
than one hundred times every day during a two—hour
training session. At this rate, the player would land
1,000 times a week, assuming a five—day training in a
week , nearly 50,000 times a year during 480 training
hours ; and 150,000 to 200,000 times over three
years! . Repeated jumping and landing put heavy bur-
dens the player’s lower limbs. Ferretti?’ has reported a
tibial diaphysis strain fracture in a volleyball player in
the Italian national team. He reported that the case
required six months of rest and treatment to heal. We
believe that would be the typical length of time
required to heal a fracture for a top-level player.
According to Iwamoto®, of the 196 stress fracture
cases involving athletes of various sports, five or 2.5%
occurred in volleyball players. He reported that volley-
ball was the eighth—biggest cause of athletes’ stress
fractures. Among volleyball players, stress fractures
accounted for 2.7% of all injuries, with a male-to-
female ratio of one to five. The six cases reported by
Iwamoto included three cases of tibial diaphysis frac-
ture, one case of a condyle fracture, one case of a hallux
sesamoid bone stress fracture, and one case of another
type of fracture. According to Uchiyama®', volleyball is
the leading cause of tibial tension—type stress fracture.
The percentage of volleyball players who make a com-
plete comeback after this type of fracture is only 20%,
whereas that for track and field athletes is 100%, and
for basketball players 60%. Mannoji® reported that
one volleyball player who suffered a tension-type
stress fracture had to rest 18 months before his pain
was completely relieved.

Recent reports have indicated that SAFHS was effec-
tive for treating delayed union and non-union
cases®” . Ishibashi® reported that he applied ultra-
sound therapy to three cases of tibial tension-type
stress fracture and saw an improvement in the
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patients’condition. We believed SAFHS would also be
effective in our case of a persistent stress fracture, and
applied SAHFS while stopping the patient from
jumping. The treatment led to an easing of the pain in
about two months. The patient was able to return to
play in top—level competitions in about nine months.
But it was not until the patient first visited our institu-
tion, or more than one year after the patient first com-
plained of pain, that changes in bone structure were
observed in radiographs.

In diagnosing the condition of a fracture, it is impor-
tant to conduct a comprehensive examination using
MRI and bone scintigraphy at an early stage while
closely following changes in clinical conditions. If the
patient is diagnosed at an early stage, physicians can
start treating the patient earlier and reduce the healing
time.

In our initial examination, radiographs showed hard-
ening in the anterior cortex similar to osteoid-osteo-
ma, and rarefaction, or a looser zone, resembling nidus.
The bone structure was beak—shaped at first. As was
seen in our case, when fracture union is delayed, the
structure becomes pearl-shaped with some necrosis at
its center. These changes were confirmed in MRI
images, and are noteworthy.

As indicated above, a tension—type tibial stress frac-
ture is a serious injury and often takes a long time to
heal. To make matters worse, the expectations and
time constraints of top-level athletes are such that
they often fail to complete long rehabilitation
programs. This in turn increases recuperation time and
heightens the chances of re-fracturing.

The key to developing a good rehabilitation program
for a volleyball player with a stress fracture is to start
with upper limb and stretch exercises soon after pain
has started. This is because the fracture is mainly trig-
gered by jumps or other lower limb movements. Exer-
cises that put strain on the lower limbs, such as jumps
and dashes, should be avoided until the final stage of
rehabilitation.
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Summary

We have successfully treated one case of tension—
type stress fracture in the tibia.

Such fractures may be difficult to diagnose early on
using only plain radiography. We recommend using
MRI in suspected cases.

The use of SAFHS can accelerate fracture healing
in such a case of delayed bone union.

The expectations and time constraints of top—level
athletes may lead to their failing to complete long
rehabilitation programs, resulting in delayed union
or re—fracture. It is therefore necessary to develop
a suitable adaptive rehabilitation program early on
to ensure compliance, adherence and successful

recovery.
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Does the Toe Out Angle Effect the Knee Mechanics in
Sports Activity ?
—Analysis of Knee Joint Loading during
Side-step Cutting—
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@ Abstract

There have been studies analyzing the toe-out angle during sports related activities. The purpose
of this study was to investigate the effect of the toe—-out angle in knee kinetics and kinematics, and
to examine for any gender difference during side-step cuttings. Fourteen college athletes (8 men
and 6 women) participated in the study. Each subject performed three different 90 degrees side-step
cuttings with different toe-out angles ; natural, intentionally in—toeing (toe—in), and intentionally
out-toeing (toe-out). The toe-in had the largest knee flexion moment, while the toe—out had the
largest knee valgus and internal rotation moment. There was no difference in knee mechanics
between men and women. Our results showed that the toe—in side cut might be the best to improve
sports performance, and the toe—out side cut might be related to knee motion patterns that fre-
quently cause non—contact ACL injuries.
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Introduction

As a key offensive strategy, side—step cuttings occur
frequently in sports activities, such as basketball, soc-
cer, and lacrosse. Sidestep cutting is expected to
involve various combinations of external flexion/exten-
sion, varus/valgus and internal/external rotation
moments at the knee. During side-step cuttings, it is
believed that the knee—-in toe-out position is the high-
est risk combination for knee injury at the landing
phase. Former studies on side-step cuttings have

1.2) and on the kinetics

focused on muscle activation,
and kinematics of the knee? %'. The toe-out angle may
be a factor affecting performance. Fuchs et al*’ meas-
ured the toe-out angle during sprinting in high school
students, and found that the students were faster the
more they toed—-in. However, the toe—out angle may be
different for each person. Our recent study revealed
that the toe-out angle in normal adults during side-
step cuttings ranged from —19.8 degrees to +17.9
degrees®. However no data are yet available on the
effect of the toe—out angle on changes in knee loading
during sports-related activities.

Anterior cruciate ligament (ACL) disruption is a com-
monly seen knee injury. Approximately 80,000 cases of
ACL tear occur annually in the United States® . While
the injury can and does occur in contact situations, it is
much more common in non-contact situations’ ®.
Non-contact ACL injury occurs during landing from
jump or during the stance phase of a high risk sporting
posture involving sudden changes in direction com-
bined with acceleration or deceleration such as side—

step cutting® 1

). Based on cadaveric studies, the com-
bined applied moments of flexion, valgus and internal
rotation are known to place the greatest strain on the

ACL, and these occur during side—stepping!"’. In addi-
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tion, women have shown a higher incidence than men
for non-contact ACL injuries in sport activities . in
previous reports, ACL injury incidences were approxi-
mately four to eight fold higher in females than in
males'?’. Females tend to have smaller flexion angles,
greater knee valgus angles, greater quadriceps activa-
tion, and lower hamstring activation, in comparison to
males during the stance phase in side-step

13-15) These results have suggested that there

cutting

are different motion patterns in females compared to

males during these activities, though any gender differ-
ence in the direction of the toe and its resulting effect
have not yet been studied.

Thus, the purpose of this study was to investigate
the effect of changing the toe-out angle on knee kinet-
ics and kinematics and to investigate whether the gen-
der differences related to side—step cuttings.

We hypothesized .

1) Intentional toe—in side cut has a potential to improve
the performance during side-step cuttings.

2) Intentionally toe-out increases the flexion moment,
valgus moment and internal rotation moment at the
knee.

3) Females show less knee flexion at heel strike, and
greater flexion moment than males.

Materials and Methods

Fourteen college athletes (8 men and 6 women) par-
ticipated in the study. The subjects had a mean age of
20.6 years (range 19-22 years), a mean height of 1.68
m (range 1.54-1.83 m) and a mean weight of 62.8 kg
(range 47.0-89.0 kg) . A college athlete is defined as a
person who participated in college sports at least three
times per week. None of subjects had a history of knee
pain or injury.

After approval of the university ethics committee on
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Fig. 1 A four-camera system and a force plate system were used. Each subject performed three
different 90—-degree side—step cuttings following no steps : natural, intentionally in—toeing
(toe=in), and intentionally out-toeing (toe—out) .

human trials, and with fully informed consent, the sub-
jects were each fitted instrumented with six retro-
reflective markers (CFTC, Chicago, IL, USA) ; one
each at the most superolateral aspect of the iliac wing,
the most lateral aspect of the greater trochanter, the
most lateral aspect of the knee joint line, at the lateral
malleolus, at the lateral calcaneus, and at lateral head of
the fifth metatarsal (Fig. 1)1% 7. The lower extremity
is idealized as a collection of rigid links with fixed axis
of rotation at the joint. The limb position was subse-
quently recorded from these markers using an optical-
electoronic system (Pro—Reflex mcul20, Qualysis,
Savedalen, Sweden), and the ground reaction force was
obtained using a force plate (Type 4060H, Bertec,
Columbus, OH, USA). The data were collected at a fre-
quency of 120 Hz.

The external measurements of ground reaction for-
ce, limb weight and limb inertia can be used to calculate
the net external reaction forces and moments at the

joints. Mechanical equilibrium dictates that external
forces and moments must be balanced by internal
forces and moments. Forces generated by muscle, pas-
sive soft tissue and joint contact force to create these
internal moments. If there are no flexor muscle activi-
ty, an external moment tending to flex the joint indi-
cates the presence of quadriceps muscle force, since
the external flexion moment is balanced by an internal
muscle force in the knee extensors. If antagonistic
flexor muscle activity is present, the net of the balance
between the flexor and extensor muscles must still pro-
duce a net internal flexion moment to balance the exter-
nal extension moments. The external extension
moments that act at the joints can be used to directly
infer the net activity of the joint flexor—extensor mus-
cles, since these muscles generate the major portion of
the internal forces producing internal flexion or exten-
sion moments. Thus the net knee force represents net
inter—segmental force acting on the knee, and net knee
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Table 1 Summary of the results in three different side—cuts

Variable Natural Toe-in Toe-out
Speed (m/s) 14402 1.4+0.2 1.4+02
Toe out angle at heel strike (degrees) 3.0+10.1 —18.6£8.5 34.2+89
Knee flexion angle at heel strike (degrees) 31.:1::10:5 23.8+10.4 23.6+11.8
Knee flexion moment at heel strike (% BW * Ht) 23+47 0.9+2.1 —1.1£23
Knee valgus moment at heel strike (% BW % Ht) —02=%1.1 —23+1.8 1.1+1.3
Knee internal rotation moment at heel strike (% BW * Ht) 0.03£0.3 0.2+0.4 —0.07£0.2
Peak knee posterior force (%BW) 87.9+16.8 96.9+£19.8 74.4+13.1
Peak knee vertical force (% BW) 187£26.0 190+27.4 189.1+23.3
Peak knee flexion moment (% BW * Ht) 129+2.1 15.5+2.3 6.612.8
Peak knee valgus moment (% BW * Ht) 52%1.9 1.8+24 10.0+1.8
Peak knee internal rotation moment ( % BW * Ht) 22+0.9 22%+0.8 3.0£0.6

Bold indicates significant difference compared to natural.

moment represents net inter-segmental moment
about the knee, which is resisted by the contraction of
flexor/extensor muscles'6: 17/,

Each subject was asked to perform three different
90-degree side-step cuttings with different toe-out
angles in the gait laboratory ; natural, intentionally in-
toeing (toe-in), and intentionally out-toeing (toe-
out). Subjects were asked to perform the task bare foot
to negate any effects due to wearing different running
shoes, and either the right or the left leg was examined
in random sampling. In side-step cutting, the subject
was instructed to hit the force plate with a foot to
change the direction to the other side approximately 90
degrees without any following steps (Fig. 1). The three
tasks were performed in turn, with 2 trials of each
maneuver recorded, giving a total of 6 trials per ses-
sion, after several trials in order to warm up and learn
the tasks. The locomotion was not restricted so as to
measure as much as possible the subject’s natural
motions.

The force and moments were normalized to percent
body-weight (% BW) and percent body-weight times
height (%BW X Ht) respectively. A local anatomical
coordinate system on the tibia was used to represent
the force direction. The long axis of the tibia was
defined as the superior-inferior axis. The toe-out
angle was defined as the angle between the direction of
run and the line formed by the two markers placed on
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the lateral calcaneus and the 5th metatarsal head. The
data were normalized as the percentage of the stance
phase duration of a given athletic task ;, with the initial
contact of the foot with the ground as 0%, and the take
off of the same foot from the ground as 100%.

One trial was randomly chosen to calculate the statis-
tics in each activity. An analysis of variance (ANOVA)
with a single factor for two groups was performed, to
investigate any statistical difference between any two
of the activities. A level of significance was set at p=
0.05.

Results

1. Three different side-step cuttings (Table 1 and
Table 2)

The toe-out angles at heel strike were well con-
trolled, and the approach speeds were statistically simi-
lar, in the three different postures. The knee flexion
angles at heel strike were significantly smaller in toe-
in, and in toe-out, than in the natural posture. There
were significant differences in the knee valgus moment
across the stance phase among the three groups, while
the knee flexion moment and the internal rotation
moment at heel strike were both similar among the
three groups (Fig.2). The peak internal rotation
moment was significantly larger in the toe—out than in
the natural or toe-in. Toe—in had a higher peak exten-
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Table 2 Comparison of the results in three different side—cuts.

Variable Natural Toe~-in Toe-out
Speed (m/s) —+ =¥ -
Toe out angle at heel strike (degrees) —* i )
Knee flexion angle at heel strike (degrees) - i i
Knee flexion moment at heel strike (% BW * Ht) — — —
Knee valgus moment at heel strike (% BW * Ht) — i t
Knee internal rotation moment at heel strike (% BW % Ht) — = —
Peak knee posterior force (% BW) - - g
Peak knee vertical force (% BW) =+ = —+
Peak knee flexion moment (% BW % Ht) — ) i
Peak knee valgus moment (% BW * Ht) —> i )
Peak knee internal rotation moment (% BW * Ht) —> = )
Bold indicates significant difference compared to natural.
—&—Toe out
—&— Natural
—#—Toe in
Knee Flexion Moment Knee Valgus moment
(%BW * Ht) (%BW * Ht)
Flex./Ext. Valgus/Varus
16 12 | ‘
14 10 - :
12 8 ) |
10 - f A |
g -
6 4 —
4 2
LB B
0 \ M
wg ‘ i -2 '. T
| \ 4 | i \
-4 0 100 0 100

(%Stance Phase)

(%Stance Phase)

Fig.2 Mean knee flexion moment and valgus moment in three different postures

%BW *Ht= (% body weight) Xheight.

sion moment than the natural or toe—out. The peak
knee posterior forces were significantly smaller in toe—
out, than in the toe—in or natural. The knee vertical
force was similar among three different postures.

2. Gender difference (Table 3)
In order to evaluate any difference due to gender, and
to eliminate any effect of general body postures, data in

natural locomotion were compared. There were no dif-
ferences in the toe out angle, knee flexion angle, knee
flexion moment, knee valgus moment, and knee inter-
nal rotation moment at the heel strike, between the
females and the males. The peak knee posterior force
and the vertical force were also similar between the
females and the males. The female athletes had signifi-
cantly larger peak knee flexion moments than the male

P
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Table 3 Gender differences in three different side—cuts.

Gender P

Variable Male Female

Speed (m/s) 13403 1.4+0.2 0.46
Toe out angle at heel strike (degrees) 8.8+7.0 3.7+9.8 0.28
Knee flexion angle at heel strike (degrees) 31.8+14.9 30.0£1.2 0.44
Knee flexion moment at heel strike (% BW * Ht) 28+58 1.8+2.5 0.69
Knee valgus moment at heel strike (% BW * Ht) —06+1.3 0.3+0.6 0.11
Knee internal rotation moment at heel strike (% BW % Ht) 0.03%0.3 0.03£0.20 0.98
Peak knee posterior force (% BW) 84.7%£10.7 92.1+24.4 0.45
Peak knee vertical force (% BW) 187+32 185420 0.89
Peak knee flexion moment (% BW * Ht) 11.8%+2.1 142%1.5 0.037
Peak knee valgus moment (% BW * Ht) 479+23 57+1.4 0.42
Peak knee internal rotation moment ( % BW * Ht) 2.7%+0.6 1.7£1.0 0.06

athletes, while the peak valgus moments were similar.
Discussion

1. Cutangle

This study examined the loads at the knee during
90-degree side-step cuttings. Besier et al measured
the knee external loads and muscle activation during
30-degree and 60-degree side-step cuttings!,
whereas Neptune et al examined these at 45-degree
side-step cuttings'®. Previous studies have therefore
examined 60-degree or less as the cut angle, and any
study has examined the knee loads at 90 degrees side-
step cuttings'”’. Generally athletes need to step later-
ally from 0 degrees to 90 degrees in game situations.
Therefore our study has examined the knee loads at
90-degree cut angle.

2. Sports performance

We hypothesized that intentional toe-in should
improve sports performance, while it is not easy to
evaluate sports performance from the knee loads.
Houck et al reported that the knee flexion moments
were associated with level of functioning in ACL defi-
cient patients!? | so the knee flexion moment could be
used to indicate the function level of athletes. The knee
flexion moment is sustained by the quadriceps, and is
thought to indicate the quadriceps function during

/8

activity (therefore it is known as the ‘quadriceps
moment’). Intentional toe-in resulted in significantly
larger knee flexion moment than natural or toe-out.
Thus toe—-in might have a potential to improve perform-
ance in competitive game situations or in other athletic
activities.

3. Riskfor non—contact ACL injury

A remarkable finding in this study was that changes
in the toe—out angle were related to significant changes
in the knee loads during side-step cutting. Intentional
toe-in increased the knee flexion moment and
decreased the knee flexion angle at heel strike, while
intentional toe—out decreased the knee flexion angle,
and increased the knee valgus and internal rotation
moments at heel strike (Table 2). A recent study has
shown that non-contact ACL injuries frequently
occurred with the knee at a small flexion angle accom-
panied by knee valgus motion during running, cutting
or jumping, in soccer or basketball”’. A combination of
internal rotation moment and anterior tibial force
resulted in the highest load on the ACL!'Y. Thus the
combination of increased external valgus and internal
rotation moments during toe—out may be a reason for
the increased risk to injury in the knee ligament when
performing side—step cutting maneuvers.



4. Gender difference

The approach velocity showed no statistically signifi-
cant main or interactive effect. Therefore any differ-
ence due to gender could be expected to be demonstrat-
able even with our limited numbers of subjects. Several
studies have shown that female athletes had higher
toe-out angles and lower knee flexion angles during
side-step cuttings® ?°’. Malinzak et al showed that
females altered their motion pattern, and suggested
that this might contribute to increased risk to anterior
cruciate ligament injury? . However our results found
there was no difference in motion pattern during side-
step cuttings between females and males. Mclean et al
showed that females had higher valgus and lower inter-
nal rotation torques than males”. Ford et al have
shown differences in valgus moment at the knee
between female and male athletes!?®’, with females dis-
playing greater valgus force during the landing phase of
a vertical jump maneuver. However, the only gender
difference in this study was the larger peak knee flex-
ion moment in females than in males (Table 3). Our
results suggested that females tended to use mainly
the quadriceps muscle compared with males. These
results were consistent with other studies which indi-
cated that females tended to rely on their quadriceps
more than their hamstrings to produce dynamic knee

stability during jumping and landing activity'* .

5. Limitation

The muscle activity and muscle strength in each sub-
ject were not evaluated in this study, because of the dif-
ficulty to measure EMG at the same time and because
of the need to limit the test burden on our subjects.
Analysis of the quadriceps and hamstrings strengths
and activities will explain in more detail any differences
in the knee mechanics due to the toe—out angle and
gender. However, it has been shown elsewhere that the
knee flexion moment (quadriceps moment) during simi-
lar activity was a better indicator of the functional level
of the subjects, rather than the maximum strength of
the quadriceps and hamstrings®’’. Detailed analysis of
the muscle function should be done in future studies.

BAREEVOL24 NO.4 437

Conclusion

Our study estimated the effect of changing the toe
out angle in knee mechanics and investigated whether
or not there was any gender difference during 90-
degree side-step cuttings. The results showed that
intentional toe-in side cut could be used to improve
performance and that the toe-out side cut might be
related to have knee motion patterns that cause ACL
injuries. In addition, we found no gender difference in
knee mechanics except for a larger quadriceps moment
in women than in men during the side cuttings.
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Quick Movement in Tennis Footwork
—Effectiveness of the Split Step—
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@Abstract

The split step is a preparative motion used in many sports. The purpose of this study was to deter-
mine and compare the kinetics and kinematics in the limbs between quick lateral movement involv-
ing a split step and that without any split step. Ten skilled tennis players were evaluated using a skin
marker-based motion analysis system and a force plate. In the progression-side limb, the time to
reach maximal ground reaction in the progressing direction and the maximal knee flexion angle were
0.11 and 0.13 seconds faster in those with a split step than in those without the split step. The
moved distance with the split step was significantly longer than that without the split step. The play-
ers could obtain much ground reaction force earlier and start out-toeing in the air earlier using the
split step. These results indicated that the split—step movement supported more efficient motion in
the lateral direction.
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Introduction

Quickness in footwork is particularly important in all
sports. In sports such as tennis, football, basketball,
baseball and soccer, the players move in a lateral direc-
tion repeatedly and use various combinations of steps.
However, despite this importance, which steps create
quicker movement has been seldom investigated.
Motion analysis can indicate how to perform faster foot-
work and may be useful to improve the skill and per-
formance in these sports.

The split step is a little jump in the vertical direction,
and is one type of preparatory motion prior to moving
in a lateral direction, among tennis players, goalkeep-
ers and others who require moving in a lateral direction
rapidly. There is wide consensus that use of the split
step can improve performance, and the split step is
commonly used in tennis by all levels of players from
professional to general players. Most biomechanical
studies related to tennis are often limited to the kine-
matics of the upper extremities. Such studies have
compared the kinematics and kinetics of the shoulder
and elbow joint during serving! 2/, have analysed the
wrist kinematics during performing a back stroke®’,
and have investigated the biomechanics of tennis
elbow* . The mechanisms of various injuries incurred
during playing tennis have also been described® .
There have however been few studies on the mechan-
ics of the lower extremity such as footwork. Chow et al
examined the movement characteristics during a vol-
ley play® . Their findings indicated that the unloading
and shifting of the body weight towards the ipsilateral
side during the volley were initiated before the initial
racquet movement. The forward and lateral move-
ments during the volley were the results of the ipsilat-
eral unloading and contralateral push-off, though the
initial movements were not analyzed in detail.

Consequently the effectiveness of quick footwork
such as the split step remains largely unknown. The
purpose of this study was to determine and compare
the kinetics and kinematics in the lower limbs between
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the motion with a split step and that without a split
step, during fast lateral movement, and to analyze the
effectiveness of the split step. Increased knowledge
concering fast footwork of players may be expected to
lead to improved skill in these players.

Materials and Methods

Ten skilled tennis players (10 men), who had no
lower extremity problem, participated as subjects in
this study. Their age range was from 19 to 25 years
(average 21.2 years), and their average experience at
playing tennis was 6.2 years. We selected skilled play-
ers as subjects because it is important to have enough
skill to perform the proper motion of the split step.
Before examination, the method of taking measure-
ments and the risks involved were represented to each
subject, and all subjects agreed and signed a consent
form, approved by the university committee supervis-
ing clinical trials.

A total of 13 retro-reflective markers were attached
to each subject® : one each at the iliac crest, the
greater trochanter of the femur, the lateral aspect of the
knee joint, the lateral malleous, the lateral calcaneus,
at the head of the fifth metatarsal bone, bilaterally, and
one at the sacrum. A five-camera motion analysis sys-
tem (Pro—Reflex mcul20, Qualysis, Savedalen, Swe-
den) which obtains three dimensional coordinates of
the skin markers and a force plate (Type AM6110,
Bertec, ColombusOH, USA) which obtains the ground
reaction force were used at 120 Hz.

Each subject moved to a lateral side as quickly as
possible, according to a handcrafted direction—instruct-
ing signal which flashes 3 times at 0.54 second inter-
vals, with the third flashing to the left or right so that
the subject could not anticipate the direction to move
prior to the third flash (Fig. 1) . Before the actual trial,
the subject had several warm-up trials to get accus-
tomed to the experimental system.

The initial step was integrated to the crossover step
which is popularly used as the initial step in tennis
because the type of the initial step influences the
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Fig. 1 13 retro-reflective markers were attached to each subject. The subject moved to a lateral
side as quickly as possible, according to a handcrafted direction—instructing signal flashing
to the left or right randomly. The initial step was integrated to the crossover step. (A) Initial
motion, (B)splitstep, (C)firststep.

results. The crossover step is pivoting on the foot on
the progressing side while turning the hips, and mak-
ing the first step with the foot on the contralateral side
to the progression.

Each subject performed the motion with the split
step, and without the split step, for a total of 5 recorded
trials each. One trial was randomly chosen from these
to calculate the statistics. The first steps in each leg
were observed to analyze the knee mechanics at the
beginning of the motion. The ground reaction force in
direction of the progression, the knee flexion angle and
the distance that the marker on the sacrum moved each
time were evaluated.

An analysis of variance (ANOVA) with a single factor
was conducted to determine differences between the
movement with the split step and that without the split
step. A P-value less than 0.05 was used as the level of
significance.

Results
The measurements on the progression side and on

the contralateral side are summarized in Table 1 and
Table 2.

1. The ground reaction force in the progressing
direction (Fig. 2)

In the progression-side limb, the average time to
reach maximal ground reaction force in the direction of
the progression (Y-component) with the split step was
0.11 seconds significantly faster than without the split
step. On the other hand, no significant difference in the
contralateral side limb was found between the split
step and without the split step.

2. Knee flexion angle (Fig. 3)

No significant differences between with the split
step and without the split step were found in the maxi-
mal knee flexion angles, bilaterally.

The time to reach maximal knee flexion angle with
the split step was faster than that without the split step
on the progression side, but there was no significant dif-
ference in the contralateral side. The difference
between the two motions on the progression side
tended to be greater than that on the contralateral side,
but there was no significant difference (P=0.141).

3. The moved distance (Fig. 4)

The distance that the marker on the sacrum moved
in 1 second with the split step was significantly longer
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Table 1 Results in the progression—side limb

split step no split difference P value
Time to reach the maximal ground reaction force (sec) 0.67+£0.09 0.78+0.09 0.11 0.019
The maximal knee flexion angle (degrees) 674114 56.7+12.2 10.7 0.058
Time to reach the maximal knee flexion angle (sec) 0.54£0.08 0.67%0.09 0.13 0.004
Moved distance in 1 second (m) 1.53+0.31 1.15%0.25 0.38 0.008
Table 2 Results in the contralateral—-side limb
split step no split difference P value
Time to reach the maximal ground reaction force (sec) ~ 0.44+0.10  0.52%+0.07 0.08 0.067
The maximal knee flexion angle (degrees) 61.5£8.5 55.6t4.6 59 0.068
Time to reach the maximal knee flexion angle (sec) 0.39£0.07 0.46%0.12 0.07 0.139
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Fig.2 The ground reaction forces in the progression-side limb with the split step,
and without the split step, for all subjects
The thick lines indicate the average over the ten subjects. On the X axis, 0
indicates the time that the direction instructing signal flashes.

than that without the split step.
Discussion
One of the limitations in this study was the fact that
the ground reaction force could not be examined bilater-

ally at the same time because there was only one force
plate. However, there was no difference in measure-
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ments between the left side and right side, suggesting
the results were not influenced by this limitation.

The subjects moved in a lateral direction more
quickly with the split step than without the split step.
Achieving greater ground reaction force in the initial
phase was the key factor for this quicker movement.
Weyand et al have reported that the key factor to reach
top speed in sprint running was through greater sup-



BREFEVOL24 NO4 443

(Deg.) (N=10)

120
2
g’ 80 Split  «eeeenes
; No split—
= 40
2
LL
@
] 0 =
& 0.2 0.4 0.6 0.8 (Sec)

-40

Time
Fig. 3 Changes in the knee flexion angle in the progression—side limb with the split
step, and without the split step, for all subjects
The thick lines indicate the average over the ten subjects. On the X axis, 0
indicates the time that the direction instructing signal flashes.
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Fig. 4 The distance that the marker on the sacrum moved in 1 second with the split
step, and without the split step, for all subjects
The thick lines indicate the average over the ten subjects. On the X axis, 0
indicates the time that the direction instructing signal flashes.

port forces to the ground rather than through prepara- was analyzed in this study. However, their analysis was
tion in the air”. They also mentioned that the ground concerned with the acceleration phase to top speed
reaction force in the vertical direction (Z component) rather than the initial phase of movement as in our
was more important than the ground reaction force in study. The ground reaction force in the direction of the
the direction of the progression (Y component) which progression (Y component) effects the initial move-
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ment to the lateral side more greatly than the force in
the vertical direction (Z component). Therefore, we
evaluated the Y-component. Changes in knee flexion
with the split step may explain why earlier and deeper
flexion in the knee joint due to the gravitational force
leads to faster lateral movement.

Some subjects already started out-toeing in the air.
This may be one of the factors which lead to lateral
quick footwork. Starting to out-toe in the air as a prepa-
rative motion to have rapid movement has also been
reported in an analysis which used video of a profes-
sional tennis game® .

We found that the timing to make the split step was
important to create quick lateral footwork. Among the
subjects who already initiated out-toeing in the air, the
one who landed earliest achieved the greatest moved
distance. In other words, to perform out-toeing and
landing as quickly as possible appeared to be important
to make effective preparation. There were only a few
subjects in this study. However, results indicated that
there was some proper timing to perform the split step.

On the contralateral side, no significant differences
were found in the time to reach the maximal ground
reaction force in the direction of the progression, and in
the times to reach the maximal knee flexion angle
(Table 2). Furthermore, on the progression side, the
differences between with the split step and without the
split step showed greater trends than on the contralat-
eral side (Table 1 and Table 2). The effect of the split
step influenced the limb on the progression side
greater than the limb on the contralateral side to the
progression.

Conclusion

The present study has examined the lateral move-
ment of skilled tennis players between the motion with
a split step and the motion without a split step, and has
determined the effectiveness of the split step. These
results indicated that lateral movement with a split
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step was faster than that without a split step. Earlier
acquirement of maximal ground reaction force and
maximum knee flexion supported faster lateral
movement. Furthermore, the split step effected the
limb on the progression side greater than the limb on
the contralateral side.
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