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Instability of the Knee Joint due to Ligamentous Injuries

B BB A BT R

4758 Kyosuke Fujikawa
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i, HMXHER, stress XMEHE, ME®ER, MRIZ% EOHEF R, knee arthrometer 72
iz k pEHN, MR MpZEE L, EOMrVWEFREICID TN,

AN, BEBIETSIA O¥RERE], FOHRBORE, BHETICIOVTHERS,

FU oI
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H5H. CoOBEEIZ, KB IEEE (femoro-tibial
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NBEN) TIIR, RELHEICDMZ AT EH
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THEEETAZEIZE ) EDbOTHAICHIB I T
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B CARERIEL, ZOEHTPBICREL &2T
E, BEEICIZSREBRERENAL, S 5ITHFH
B ARIESGZ L CEREE L2675 5912
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L7zA5o T, BXRBEOREL, thrlo
BREEBELES YO L) CHEEEERE, $4b
LAREBUDPELLPEIE LS EBTAZ LI, B
MET BTG OB, HHFICN25 ) 2 THRO THE
BETH5b.

1. HEEEICL 2BEHATEEDOLTE
(Fig. 1)

(1) —ARMERREM (One direction instability)
BRI & A RAN L EEEATERT, —F
H ECBT B RBEIEST 2 EEO—-HEANDOR
wHAEFEEVS. bbb, MCLEH-INRALE
P, LCLEBH-HNRAREM, ACLEG-RHAL
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%2 EialE

E, PCLEB-HZAARLERLRETHS. Ll
EBIZRZ ZO—FMUALERZ T TIRERLEN
W E EDS W,

(2) EEARZLEM (Rotatory instability)

AR IR E KR LT, ®isMi (antero-
lateral : AL), i~ (antero-medial : AM), #41l
(postero-lateral : PL), %M l|(postero-medial : PM)
o shns. hsomEAREREE, 1, %1
FEUHRN £ 723 T S ARG T
AHNE T ENLV. FRFROEE N EES) % 4
U5 RIEMAHFET DT TH LD, KB OHEE
B (ANEM) 133 2 mlheid 3 L OB L 2c &
NTwizn,

ERIKA 121, ACL#E% 28BS % antero-lateral
rotatory instability (ALRI), ACL+ MCL{&5 (2B}
% antero-medial rotatory instability (AMRI), PCL +
PLS (5l S Fp 8848 ) 1615 12 317 5 postero-lateral
rotatory instability (PLRI) A3 27 5 .

7 A ) AE#EHE (American Medical As-
sociation) A K-V EE¥FRKIZL HHH

% 1| EEHElE
(Grade-1)

RO T CEL L HS0BEE (MEREYIC
HRBAIHETE L CEELSHEOKUT
D). BN ERIEH 55, MEOR

| REHRED AL,

HFRGRLORBIEEH, EIR.
TEERRAEONZVY, HoTLEE

%2 FEHRIE
(Grade-2)

HHREOBENFE | ELLE GRIBFHTD
K~%) CHRERENSDLEETS. BLHE
HOREERIZED SNV,

FEOTRREN LD 5 N B HHRIBHEIC &
% end point (RREM M IE-EN LTS
&) PYHELELLNES

% 3 FEi81E
(Grade-3)

HHRHEDEBHAHE AL 60 (1
BYARFOLLUL). Bo»IlMBEOTEE

| ter2nons

end point #*2<( BOHLIY, ELVWARE
2 A X8 (R

Fig. 2 BREMPAHTHEOHIE (T X )V HEEREIAR—VEFEES).

(Mont MA et al : Classification of ligament injuries in ligament and extensor mech-
anism injuries of the knee. In : Scott WN, ed. Mosby Year Book, 1991. &£ V) 5|F)




[£3#] Global instability : & D8 &8 EE T
&, —HmE, BIEATEEANREL, EFMICE
Sy \ZERE A% SN H 3 5 35412 13 global
instability & 29 .

2. PHBBOREE

WAEERBICIISESELBESDH Y, RATICKRE
HWOERIIH B2V ALEEREEZ D62 0HED
(Grade-1) 5, & AHFEEME I N TITV 5 A%
HrxfRs, DEWEH HFEER-Nend point D H
% b D (Grade-2), TAEICHGMEIGDbIN, RNEE
HAZE L VWD D (Grade-3) T THAH. HEBEORE
BIIEREREORRIETO(DT, WTFTH
COGFEPRFESINTE, 20REKNL DDA
7 A ) 7115554 (American Medical Association)
AR—VEFEERIZL D3R HTE5EETH
% (Fig. 2).

ALEWIBEETFHICETMT 2 2 £ %0,
—HIAHALEMIZE LTI, stress XMEEIZE
LEHHE, EICHEAREMEICHE L Tidknee
arthrometer |2 & 5 & & MEFFH S — b STV 5.,
Knee arthrometer KT2000 |2 & % &1illlid, # @ force
-displacement curve 7* 5 BLIZ AN ENEDOFEEE DT
72Tl % <, stiffness % & DRSNS SRS
HIENRTE5.

—7, BfEAREE, EREMICEHET 2 53
X EFHIEH STV S,

3. EEHTHDOHEEEREE

B ARSI & A IRBEA L E T B 51213 %
B ORRBEMRR IR L 1 5.

(1) +F#% (ACL/PCL) (Fig. 3)
REREET R LRI, AT (ACL) &R+
# (PCL) 24T 5. ACL I AR B 5 i % 2 4 Ml i
2o REHEMERB X OZFORFERIC, PCLIZAB
FHEEEANE 2 S FBEERRE I ETE
L, ZOMNESIIFIRICILAS Y ILVEEEZ O TW
5. PCLOfT &L —ER sy CtdH 5. PCLIE
ACLO¥E2EDKEZHT 5.

BRAF VOL21 NO4 281

AM ! antero-medial bundle  PL : postero-lateral bundle
A : anterior bundle P : posterior bundle

LFC : lateral femoral condyle
MFC : medial femoral condyle
MTT : medial fibial tubercle

Fig. 3 FERIENRI - % +F8&E £ 18T 5 bundle.
(Segal P, Jacob M : The Knee. Wolfe Med.
Publications Ltd. 1984 & ¥))

ACLIZIR B AdB % e LT, mIMMEE
(antero-medial bundle) & #% 4}l % (postero-lateral
bundle) (12577 51 4. HiE L ACLIEE &N
s & KBE AT O®KEH A, ACLHRD
FEVWHBHERTH L. BEITACLIEE M ELBO®KRAI
il & KB AR ORI T &8 % A5 O, BE& RIS (2 X
LIZIZEEICETTA. ZOMICHBE (intermedi-
ate bundle) 53T 5B L b H B, ACLO FHAT
EHMITRBREEICEELTE DL, M#BADT
ACLEH OGS, WMmEEHEEhR L )
0T, Bh %o 722 # (avulsion) (3 55 M TH
A ENSEW,

PCLIR G A &I NAMENLZ L AT Y, KBEE BN AT
BIZIEDY S, PCLIZACLIZEHSG T \w2S,
KBEE A A WO & % £HE & L CHIMIE (anterior
bundle) & #%# % (posterior bundle) (2531} % Z & 7%
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degree
704 [ o ——— o
—— e
~cc-—-e
60 —~
50
40
304
20 e— ACL:AM
$-——== *ACL:PL
1 e———sPCL
0 1 T T T
0 30 60 g0  Flexion Angle

of the Knee

Fig. 4 BEEHMEEEICNT 2 +F 84 0 A (sagittal axial angle : SAA) DZEAE.

T& 5. ARG EEENNOR LS L Y IBE
fFAEEBNEIETE IS, BEIKBEIETORK T &

D EEMNEROBNEKRICESL. §4bHACLIZ2A
ORFEVIZENS X 912, PCLIZ2ARDFHA I
WCERD L) ITETT 5.

BRSO TBMAEICB A T+ 2RO REE %
AHbHE, MHMAEIZL)HFEOIIEEREL, —&
AR T 5 & 9 ICEAE A T ERE RO R )R E5H
THZLIZEY, WTHOBEAE TLHE LK
ELTEICREFHFECEDLEEZON, 20
mechanism (X, 1 KDEHTATN L OHDHFIZ5 DN,
BNORERESBIRIILT>TWDEZ EIZL DK
N2k ENTWAES,

— 5 ACL @ Fif N 5 13 B B 73 A5 (R B A2 A & Jif
T BIHREVIKFALISIED 25, %RIMIFIZPCL &
ARV R B A T O FAFUI 3T L C30° D & % 1 -
7oFFE, REREEEICAT A AR IIERE AR L
THIFELALEDLL RV (Fig.4). 2D Z EIZACL
PEEOEI BRI N TV LA, BIZHEORE
HEROIEIN) TId% <, FEESOEHE L THH
RELTWBZ L &R L TEBREW,

(2) WEIZHFHH4E

MCL (I BRI ET N L Rt O 1% % %2 L, ACL
ELHITHMEETOREY RIS ) A T D EELR T
HWHED1OTH 5.

MCL#E#1Z, Grade—1, 2% AN 5 & BRI 5 8T

PR OHEEITE VDS, MOBRY, &0 ERE
DRIEEHRR T, BEERKSEBEHL L VWOTE
BEINDPBLTHE., L LEGFEELLLE, 4
AL N, AMRIASH B L A A #K1C shearing
stress # Efif L, 2RMEERARIEH ZELZ L LT,

NI SZ FERERE 1S, A BT (MCL) & B i e 8y
PO, HREFIAMFEARICEICHEL, Bih
1/3 3L BEIHICL--THEDRA TS, i
1/3 13 EME { MCLOER L IRIEh, F0EE
1213 MCL O fiiEEMAHE (Ff& ALF) 25E1T 3 5.

MCL 2 5 b %R 3 5 I E i KR T, &l
HEERRAE T KB NE LEIZH20mmoOE S % )
ST, RMEIIFEEMEE2S530mm P25
30mmOESE L o THEFAMBETHBIAET
4. &EI13100 ~120 mm, &iZ13~15mmTd» 5.
%7 1/3 DBET L8 (LR L #FHERME L 22 1)
fEkEfH B & V% @ aponeurosis & BERE A5 PIHEIGEIC &
DEIHICHIE SN TV D,

ALF (3 FERS B (R RAL 2> & PR M F T Bl
(b7 ) BiRM 2D, % D mechanism i, KM
EiA I 60° 2 2 5 & ALF A /7 1Zslide L, bk
T HMMEE KBREAM FEICEERONE L) I
B BT AREET 5 Z & 12 & » TERWUAR- N
Tw5 (Fig. 5a, b).

MCLIZHFICERELHEOZ &, B ICI3AME
POMEENRSELINNDBMb ) RTnI Ly
WKL DHEEBEZITR TV,



Fig. 5a FEBIERAAIZ 5115,
At ERRAE S REHMRUTROBRT S. B
#i& & HICIEMIZE A (Cslide L, KEREIFTE
BORMEEZ DL O ICAETHIEICEN
LAERICH T BRREMETFT 5.
ALF : Bi#tEAR#E, POF @ REIEMRM.

(3) AMEI, HBIMBIZFRELE

WER R DR IMIAI S FFIRAE (L, SR OIS S
T A I E LT (LCL) & 338 0 Al S R bt
PEL I ENS W,

M O B SR, AR B (LCL)
SR E @ B & ORISRk (PLS) £ 7213 pos-
tero-lateral corner & I-X41 % =5 1K 447 (arcuate liga-
ment : AL), fabello-fibular ligament(FFL), popli-
teo-fibular ligament(PFL. popliteo-fibular fiber :
PFF, popliteo-fibular complex : PFC & $ If:(X1. %)
NSRRI NS. LCLIZEREEN, #EHEfz
T, BERETEAL D SR oM THikT 5
1B E 7S, N stress TTIE, BAEIER KR
SEHRBEA LCL O M 2 W 2, KBRG A5 5828
Mz L CRi h RO BRI 2 w0, BB O E)
WAL CTHEREZROEEEONR ZHl#H$ 5.

PO HRIMUSCF R L L CAL, FFLOEZEM%
MR SN TEZ. LarL, bhvbhoies s
BRFEIC L 28, AL(BRICRELIAFELTD
AR C, PAET S FERERE IIMfF T & %2 \w), FFL
PREEERMIOLZER IS TAZ L3 %L,
AR L B 2SN EM L EERTH S
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Fig. 5b RRRIER PRI FHAE (ATREEARME & BRIERM) .
ALF : miftERRME, POL @ RAIEMRM, JS 1
EiZRPR.

PFLABAMI O L ERICEE 2 ZEHE R LTS
LEZONDL. L7z THRIMIEN L EED
key £ A DIZLCLEPFLTH B L\ 2 L.

REFAET /M O B S FEREIE (X, KB EE A (BE),
R (), BEREAINIIEE 2 L CR I35 2 s i
Wb 5h.

FBE T OE A () &, BEBEETERG, THRRAOVEER T,
OE SRR AR, RIEIIAREAEE I CRG LNE T
KW THELTRELL., KIEOMEIRIZIE o0
, EBIILCLOAMIICTHERIHICMAE L, T
EICHMED—E %2 %5, HHBIZLCLE Y M
X9 iZsleeve KICBEFIHICMH AT 5. EEIX2DIC
g, —EBIE LCLONMBITHEEEEIC, —8I3NE
H O Gerdy #EHifH L § TRAERE G E%5.

FEm i () 1E, IR AN RS LMl EE B 2L PR
DM THMEN - B AR & BIET e 0 [ O FgE i e &
o THERIEIEN 2@ L <, KERENMI LD
LCLAEIRDOR R T HIfAET A, ZOMIFICHE
MEi e fE 2 OBl $ ABIERAT 4. T4
b b M A B S % unlock 3 4 BIC AR
AN ESEL L LD, BESETESICH-
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Fig. 6 RERIENAEIMAIZ 15HE4E 52,
LCL : 4MENEIEIENH:, F : fabella, FFL : fabello-fibular ligament, PT : BEEs5H, PM : &S, LFC : ARBE
S4BIFE, FH : BrEEE.

THRMEZRSL, THOSELHIHT 2L ET
b, SHITHMIPEAROBZEICHEMEEZ XS Z L2 X
o THMUE AR 2 b % & (R (2 BB B E il i
WAV AR AR R 2e | &, BERAER O dES) % M
HIZLTW 5,

o 1 s (X R R A B OR A & 1, — &I B
il SR L TW A, KBETFH1/3ET
KERSMEI AR b & L CARBRE YMEHLAR AR AR A % %
NHELTWDOT, BREEM L L ToOREEIZLD
L, CLABHLFHREL L CoREITRKEV,
KA L F MU EERT /712 5 Gerdy #5121 E L Tw
5.

ECIREREHHFOBEEGHEEIC L 2HEHEALENS
&, BMLRELET S, 28 2 ITEROMFHE
BLIEHAICIE, BICERFhORHIZLEAEE
BOHPELLDOTIERL, —HEHOREENE
(one direction instability) |Z [0l jie /%2 5% Pk (rotatory
instability) 280 ¢ 5720 E b THEMEL L, 2
SHEEE 2 5 2 E D%\,

4. PWEBEDZRIE
J B B BT FEAS O B T I X BE AR 12 1 stress 2 £ 7

MY, BESE DT THINT A 2 LA TE A EFH
ETirbhs., SEMBZIELILLAAHFHT,

o

EFRAELHAGDETFIHENS.

(1) ’EFERE

EFHRAEIC L 2 WHFEBOBINIE, F O8O
HAMICHEFCTRE Cstress E Mz, RBEEIIHT
5REEORE RN (BE) OFHEIZL > THET
5. EWBEESICIEENLR TV EDE XD,
stress 12 5 &L o HREEEM L7-RIZEFNL LI
ERLL 2w, ZOEMAELE L7254 % end point &
33

WHERBEPIAEM B CERMESREL TV L
&, 2RHIEHBEEA R L7256, T2METH-o
T Wimil A O I A L TV A5 7% £ Tk
end point (pseudo-end point) 2SfFAET 5 2 & IR E
TH2ULENDD.
BEWWEEIC L 2EEATEN, REALE
W& LZZEEARTEL L 755 O TREMIZIZ
EFREICLVBHT LI E0% 0. HFREICE
D EEAEERETIEL CIEBT 570121, HoHEE
BEOBRKRTET D,

(2) BEX#REE

HAXHEETR O HRE 22 DX HBEEITR
Thb. EEFIMIEHOIZTHET &L E 21320
B TR 5 BEET AN AR 5 D/ VRIBEE



(Segond &#) (X [EfEst 2 & 5 ACLIE %, IBE
HREOF ST PCLIEE £, KBEHNMH LEO
FI BB 4 1 MCL R AR HE B 13 78 504855 2 Rz L
TW5,
WFEIZAKR—VhME L B EDOBE D Y, 17
FREEMESHOXSILE RO -5, BIHMACL
HEEZ2 5. T-HHRBOP/ME, ®KETED
AL, BMERZ &EOREEETEZRLIC L ) B
e, FPAROENE, BEOEHLZMA I LATE
5.

(3) Stress X#&E &

EEFMHT LI L3R o72d, HEHTHE
BOWBZWIE & L Tstress XMEENH EHDHT
ZLDEREEDL LN TEDL. Fili, BHINEE
WGP L TWVD L &I, &5 56D EWIELL
Mewv) i, PR OZRENHER -, EF
R4, knee arthrometer 2 X TI3HIELIZ WT &
A%\, Stress XMEEIZBITAEI LN, BY
ZN TP AEHE (R ) I L D PEEMICHE T
HIENTEAH., TAMI(WR) AL EMRE, Ml
NPOAREENEREZVZELEASIADSLTH D
A, stressXMEEIZL ) BWEIES L5,

(4) MRI
BEHICREL S5 2 2\ WMRLIZ, MM EG
DI O SN AHBBRIEL R, DT
BAIATON-BEEZRICL s Tbolzt vz
5. MRIGBUFHEBOAEZITTE %L, HED
L, BE, B CEENOREZ TRBHTAZ L
BTEHENNTIELL, 20EFARTETCHL S
ENTED. EHLIZAPET LAWK, & (bone
bruise), & 2K BOEELZMHTHLIL
MU HETH 5.

(5) FAEmERS

MRIZSE R L7-B7E, FIHShAHEEEDHD
T e o 7228, stress FEAHETIEF I A WHE
% - FRABEGOZMICHEHTH 5. S stress T
BETE R ONBIBEERBORKEXFHlT5 2 &
I2&h, FEEMICMCLEMIER, ACL(PCL)+
MCL# & 1855, ACL+ PCL+ MCL# 44815 % 2k
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THILENTEAH(5H). TRNEEAROEME
7 b MCLAT#EEMME D IRMGARAL, 2L O ¥ E AT
BETH5b.

(6) Knee arthrometer

VB WD 73 IRBE BT AN € 1% %€ 25 (knee arthrom-
eter) 3FA%E S AL, BYRYRTAME ] fEAS & 14 (erk (5
BBRRZIEZHOZH5DDbH 5D, BEALTRD
HERLTWD DI, KRG B AT R I3 gE
HHIE) & 254 &9 5 [R5 LT &6 o A #% 72 Bh B
(one direction) % &1l 9~ % KT1000/2000 T 5. ffi
REICERT A EEBAMIIZLOTLL, LI
KT2000 X force-displacement curve % i { recorder
PRV TWBEDT, 0 curve H 5 8l O stiffness
AL DHIENTE D, D force-displacement
curve @ pattern Z 738 L, 815 ACL Dl 7>\ g kE
XZHOIEETH B (IAK). S5 ICEF OB
DH 7 b HEH (ACL) O Rt ms 2 &
LUEETH 5 (Fig. 7).

(7) FAEnsE

FEBIENIR A » B2 4 4 IS ES R DA T
H5HD, FHRREEET ALV IREYN DL, 1272
LB ACL, PCLIZEB ML S BHA121E, AL
LD ENSDBFEVRERLDZHDEFED L) IT
HRBIEVHDLDT, BRHEFHZE» L2515
|2 probing %479 Z L OFEENLETH L. $1-8H
BB O b "RETH 5.

—  FEI A OZ W EATRETH 5.

FAET S X IERET N O FNRE & BlEE 5 5 & Al B2,
ACL, PCLEHDOE AL, Mimdl 2 &ET LI LI
EDIRBEOTEELTKE(THILENTES,

5. MIHEREEH D ERR

(1) ACL#EE

ACLD BT 5 L R EAKBE A L CTai A IS
BT ARG ERE D -5 E I ORLER,
AI 751 & L # % (Lachman sign, anterior drawer
sign : ADS) &IN5 KRG 123 L CIRE 2 AT
I1Z5] & Hi ¥ stress testIZ X > T/RENA. ACLIESE
PlDRKEVBEEREEL L 25 TARLEWRI, BE
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Anterior force /

(Ibs)
30

N

! 7/
20 ACL Injured side 4 1+ ACL Injured side // PCL Injured side

A\N

N\
P

10" prs 1 Y A P 7/ A

—

N
AYAN
W

(¢}

10

% ATS 1/ ' / 7%
20
) TD - ! #

Posterior force

<— Displacement —

a b . d

Fig. 7 KT2000 (Z & 5 force-displacement curve 22,
a . IE% force-displacement curve (2 & |F 2 FRELEE & stiffness (C & % 4 DD parameter.
TD : total displacement, IS : initial stiffness, ATS : anterior terminal stiffness, PTS : posterior terminal

stiffness.
b : ACL#EE(Group—2A). ACL remnant " EfiMEEHL T 2. TDIRKREWVWY, ATSRIEFEFERBICHKRENT
(AN

c : ACL1#E{5(Group-2B). ACLDERFMNITELICKkbNS. TDRKEL, ATSRIETT 3.
d : PCL#&f&(Group-3).

H91Zjerk test, lateral pivot-shift test, N-test7z & C
B & 4 BRI/ [A] e A% %€ 14 (dynamic ALRI)
Thb. ZO0EALEND %A mechanism i3,
FERAER SR HH 30° 2 H e Mg T AHE1C, ERIROK
BRI I E 2 R L 2SS R NMERNT A 1E
EAEEmE AT~ LM ZE D 3557, ACL
PREENMIEOR FEBEHE L TWw5b. ACLE
e HHsd o T BEE L HE (geometry), i IF 8,
A AL BT 72 & A% secondary restraints & L THERE
295, BEBIEIEAMANC I L TAENE MCLAYE 12
FRLTWHOT, BRENUBEORE LHi i BE&E
FAMANCHE L TR B DI/ SV, Lizds> THD
A¥secondary restraints D 1 Bz 5 &, B
HIFEIIMCL A 8l & LCHlET 5 & 95 IZHIA ICHET
F15 4 (ALRI). S AREIAYHE Td 5 by IE 85 (358 )
HsH 50T, KEEEIAIE IR &MU O M %
Fig.8 BHAYATSMAIEFERRTEM jerk test). FOBZ DL XITHEBREMND. ChAPEENE
LWALEF s ADLEREZFR L jerkHE
(dynamic ALRI) T& % (f2K). BHEEH» TR
AHRBMTAEAICIEI0MORE IS 5 (Fig.
8).

g




ZOjerk RV HH I MWL ACLIEHIIFEE T
5.

(2) PCL#EE

PCLIEGIRI S &, BIIRBEIZHLTEAIS
B B ALE T RT. BAALEEIT 0 E
I CHROEZEL L DHDT, 0 JRIICBIT 2 1RE
HLIEI D 1% 15 ¥ © A A B (posterior sagging), %/
1 L A A 1% (posterior drawer sign : PDS) TZZ i
N5, 7272 LIEBE % 90° Blifo 1@ < &, Th O
HHEIZ X V) 3 TIiZposterior sagging 7"k & T\ 5 D
T, TORETHHEALERZETHRETL L, &
FAREEE > CADSLHET A I LD HEHD
THEEZET L. BEEMMIIBITAHRFHLAA
# % (reverse Lachman sign) [ ACLIEH 2B T 5
Lachman sign (3 EREMHEICIE 2 D12V, T RUIEHET
HEBRFIBT S AT (BT ) O i 27 1 & O A
EIZEH5DT, PCLYELEICHEEL T T VD
@ % end point " EFET H 2 LS VHFTH A,

PCLHEMHER TIX ACLIEMR & R4 1) BIEARE
HIZBEDOZ LD\, L7z > T PCLEMES
IZACLEBICBIT 23 EHENICHEERELYF L
A Z LA v SO BRSMAN] A% 1% (PLRI)
WAROLNBIGEITIE, BRIV FHH (postero-lat-
eral structure : PLS) ¥4 A L TV E X TL
V., PCLEMIEM & PCL+PLSIZER S AL T
HDHH, TOWRE, BEREEIIELRLS.

(3) A, SMEIZFREEIE(E

MCL, LCL#EZ, MBETMER B L UEEEE (20
~30°) JEMAZIZ BT 24, NRARE®EIC L) ZRT
SN, BT ORFHREL;HEOE G X, &
# end point Ak bNTE Y (Grade-3115), T+
WA T L TWwE EEZ TIw,

(4) ACL+MCL1E1E

MCL#E% 7 Grade—-1, 2 TI, FERHE 30° JF dhi {7
B ENIALERIERT 200, HEAL
EW I ACLEMBHBICBIT 2ALENLE KE %
i3 %2 v, L2 L MCL#E% 4 Grade—3 T3S XA
ZEMIIEREEMEAN, 307 Bl E bICEHT
end point (Z& 5417\, ADT (anterior drawer test)
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MED LAT

NORMAL

ACL+MCL

Fig.9 ACL/ACL+MCLIBENRIARLEMS~1®.

Tid, ACLHE BB ICILE L CIRE ORI HENM &
2L EE 2B, BREOAEREI LW, &
X MCLIZ & 2 1R ORI B8 ol # 25 ae &
3, BRESVEE, NEEARREE I ICEMN T A
72O THAH. FEIEMIZEBIT S ADT(ADS) 3%
PERY, &I ERBEA A ICHERET 5
Zr b H5(Fig.9). MCL Grade-348#5 i, [mlhE
AR S w2, ACLHEMIEE $ 7213
ACL + MCL Grade-1, 2815 (245800 2 B8R HISE
[l FEAN L € 1 % FF3 9 5 jerk test/N-test/lateral
pivot-shift test Tix, BRI HEMIT L Y K& L R
% Mijerk (5#%58) G 2 fEb 7,

RiElx, BEZ2{EDEZVWMRIDVER L7720,
MEEEEZEILT LI ENEDLO TR o722
CAZHTE L7225, stress FICHkE T A MEEZ L,
EATCEAMRE O ) MCLIESE, FAZCEAKR K
DORKEED S, R EEER CRBoSA, &
BEAEMICHETAIERTRRICT S, £
MCL T 5/ TiZ, FAKRD EE AT AR
fCECEF S ND DT, AL EOHEE DA
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WCHEETALENHS.
[£%#] MCL Grade-3## 20§ 5 HHFICEHL T
3, REEETIVEVWIERE, FiiEEzET
HEWHIERNH Y, \WFE 7 controversial TH 5.
K TIRRERERETIVEV I ILRDTiNE { A—
MEBRWTIE, ROBREREFTOATE. b
b IIEIMCL Grade-3$85 31T & A EDFEHIAS
ACL, PCLEI -3 £ 0mEDEGHFEH L THY,
+FEH O FEO R TIIAE (P AN EMEDFEAT
THEZEDNDL, TMEEOLENZRS, HEEFT
S 1RIEEM %, BEIHG) TIXEEM £ 72125 E i
Mx4T>CT&72. L% L MCLEE L substitute ®
& B E AL (isometric point) DPRENHE L <,
ACL/PCLOZN L WEEX*ET 5.

F BRI A 5, ACL+ MCL Grade-3#8f% T4,
ACL O FE O & TIEAEI (F4 B0 A% 1 % il 5
HZEETE W,

(5) ACL+LCL#EE

ACL+ LCLEAEBIIHEE IV 2w, BED
R ClEH B SN ABRED LCLASTER X, stress
XBEBEIZL A L, AkZ# CTACLEMIERE & 2k
EN-HEHD178%IZED LS.

EFERE TR HIALENE, FMUIN RO ENE,
Fhryar M R AL EED B & % A . B B BTHE
BEEDLRWIEAIZIE, WNEEM ADT(ADS) (Z &M%
ks S
[£#£] ACL+ LCL(ZE&KZ) 12817 24 (M)
AEEBEIZACLEEMOATIRF#HTELZVDIX
ACL + MCL Grade-3#H0H &5 LFETH 5.
LCLIZ (#8) /MA L Het i D 722 &> Tkey & 72 58 T
b5,

(6) ACL+PCL(+MCL/LCL)

ACL+ PCL#E &%, M O EAL (neutral
position) #1312 { WOT, fEFHA L ZBRATH 8 7%
e b, BEEMEEEIMAG T AN L EED
&L & 72 4. Reverse Lachman test i3 PCL5E 4 W%
1T % Lachman test (T EZF R TIE %,

B PCLIZACLER L E2 D dExEEs RN 5
ZENENT &, thstress FCIXT% AT @ AHYEE
BT AHZEI2E ) end point BFEAET B T AL,

10

ACL, PCLOWimRI L2 AT 5 L AL EMILIE
AR & %2 %, Stress X G H.& 5 I3 P HEE S
Wi % 47 - 7 ACL + PCL % & & 4 & S 1815 H Ba
7360, AiATiE AR CTACL+ PCLIEG & 2 L
7% D1%75.3%, ACL¥EM; dominant & L 720
1% 8.2%, PCLIEN dominant & Z M L7-b DI
164%THh-7:. ACL+PCLEAHHEETH 5
W2y »hb 6T, EFHA TIEPCLIER dominant
LkrsnERO% <X, ACLOW A PCL
7oA KRR B A~ AE LAl AL E A mask &
NE:=HTH5.

—F, HREGIZEL LD, ETFHRAETACLE
MIEG L ZW L ERIO S b, AEMEPCLIES %
EBELTW2bDId15%d» - 7-. PCLEMIES &
SN BB O % 12, BEEEICERST 56 L,
REEE T BIHFZ 00055 %25, BEDFEKD
—EBIZIFACLALEGOAHFFEBRBEINTVSY
&, BIMIEHREEE Y AL T aicd b
SFPCLEMBHLZMEIN TV I2EE7H 5.
ZO¥AEEE B RIS N EA M (Gerk B
R)VOHFEEXTHIIRETLIILIPHETH 5.
Jerk test i glide HETH > TOMES NG
ACL#EB L 2 L T\,

ACL + PCL + Grade-3 MCL # & 185 TIZ Pl
(S R) BhEE X = EE T, DibE#EAS Kb b0
jerk R % ff o 7- B s /Ml I FEA L E T A S
T, ZELVATAALEY, BAANKEEPHET .
—}/ACL+PCLZ GEAXEEDHEHFHEETD
MCLEH* & LTV ZVDY, G LTWVWTD
Grade—1, 201213, ByAYEIFMA O] fEA 2 E
e E %2 5.

(7) PCLA#EIMAIHHE1B18(5

PCL + AVl L Rt R G5 LI LITPCL
HHEE LS I Twb 2 ErH 5.

BAMUSZ R O key & 2 A D1E, LCL & 90%
217 1E$ % popliteal tendon & popliteal tendon & JBE
B BE % % 5 popliteo-fibular fiber (ligament) 7> 5 7 %
PT-PFF complex T 5. #HE OHFETHHFAIN
% Z L D% lKEE (arcuate ligament) (3 varia-
tionA% <, BBIIKEVHLHZ L, FHELTLM
CENZENSNZ ERD, ERICIZEEREIH



D7z,

PCLEIER T, BAMUMEAR EM 34 LR
WS, RAMASCRASHEHRIE AT 5 L &AMl e
NEEWREIL, ZRHEMIC LB EEENEL
WAREREFRZ L L)L, ZOESWHIEE
W2 LT, PCLEMIEHEOZK O b L IZPCL%E FH
BLCOEFIIEELR ., Ao & { PCLHE
HIEH L BRI SNDBIO LI, 13EAERFD L
WlE, FMAxHLT L L) RFEED L0055
A%, T OME X BRIV SRR IE IR O & 0F 0 F
PEESLTWAE I EHE.

(&3] ZIMUBEALEE I L TRESMEY
DT 24TV, geometry (ZX ) RELEMZHIE L X
) ETEEENHRE SN, L2 L geometry 12 &
HEEMDHERIL, OB 2 SIFHEMH
P BB DREZVETH 5. Wi
BHEOHEEGIC L AALERIIHRICL ) BN &
THhbh.

[(£F] BHEERA & BEE A EE IR —
RRLEZZONDLZENLV., LNICEEOHEASN
R, SHERIITRBRE & R OBEH FRAE
BRI —FEIZEDN SN, WD Eo 721213 EE
% stress D 6 W E D) REH R E L IZITR
e s. — BRI D - 2% S BLAIC
bbhH. WMFHIIEE D, EEOET, ik OrRERE
FMAROBBREICKRE LHEY D 5. BEIIRAE
PR CRAET E BALRR O R SR (FfE) 1o & 1 ek
& CEBOLEWIHRONDIZE b 5T (GE
BRI IEAE BN & e A %), EEE SIS
RAEBRETEILREEVHRONEVEBANZZICH
L. LIz Tl XM —RwE L 2 $ICEEET
IREChD,

TEH

L, FRBAET SR (A AR EE T H 5 Al fE
AEEVEDOBEEAEA SN, WAFHEEGIC X 5 R
DAREWNEDOBHE S VRSN O0H 5. BBIHEIIC
B AEMB A EEBOMIIE L L THHICE - T
RS, A HEE SN D L IEFE obiews kb
NRELRIEREZ M) A LEUFEL S, T4b
HbRE SRS 2 b 725 SIS AL EMIE—F
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[l b one-direction D AL EM Tld 7  MIEARZL
EUTHDLEVR L., ZOOEAREE T8
B3+ FEFEEACTESHEEETAEL S
ZENE\,

I BT IRG ICII SR O, BIRICIZIEE
TELVAZMRE THAEDINEDT, LI
LA BRI ORI (23 & 8T O Hil i B e o B % &
B2, HMXMHEE, stress XMEHE, MY,
MRI % £ O #|{%F1 i, knee arthrometer, [T
RAwghizghigEe L, SoMrWiEFHREZITH 2
EDVEETH L. BRZHEIETFREICOZASH
BT ENLLL B,

(KRFW3IE, 5260 HABRNE AR -V [REAY
WEILBITLI2HEMBEEY I LDLDOTH
5. LIz TABIX, SFEXE?2) ~10) % &I
ICERBRINTVBELDEEHE L TWAEAND D)
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Cervical Spinal Injuries caused by Sport Activities
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@ Abstract

The purpose of this study was to investigate cervical spinal injuries caused by sport activities.
Nineteen patients with a cervical spinal injury caused by sport activities were hospitalized in our
department during the last twenty years. Sixteen were males and three were females. The aver-
age age in the males was 21.5 years, and in the females was 12.0 years. Most patients had sus-
tained a hyperflexion injury during sport activities, such as rugby football, diving and gymnas-
tics. Fourteen patients underwent an operation and none of these could return to their sport
activities. The patients with Frankel A or B especially could not become independent despite
surgical treatment. We recommend an MRI examination before starting sports activities, in par-
ticular contact sports, as a routine check for athletes who have ever felt numbness or dullness in
their extremities.
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Introduction

Spinal injury caused by sport activities results in
both health and social loss. The incidence of a spinal
cord injury in Japan was 40.2 per one million people a
year, and 5.4 % of these had been caused by sport
activities, according to a nationwide epidemiological
survey from 1990 to 1992. Therefore, prevention of
spinal injury is important and the timeliness of treat-
ment affects prognosis. Here, we have reviewed our
clinical cases of cervical spinal injuries caused by
sport activities from the last twenty years.

Materials and Methods

We reviewed nineteen patients hospitalized in our
department during the last twenty years. There were
sixteen males and three females. The average age on
admission was 21.5 years (ranging from 12 to 68
years) in males, and 12.0 years (ranging from 9 to 18
years) in females. All but one patient were under
thirty years of age. They had been injured during
diving, gymnastics, mat exercises, skiing, rugby,
handball, motorcycle riding, trampolining, judo,
wrestling or sumo activities. We evaluated their neu-
rological deficits according to the Frankel classifica-
tion (Table 1) on admission and at discharge, and
investigated the rate of return to former sport activity
through follow-up in the outpatient clinic or by tele-
phone interviews.

Table 1 Frankel scale of motor and sensory function

Results (Table 2)

Fourteen patients received surgical treatment,
including posterior fusion in seven cases, anterior
fusion in four, and simultaneous anterior and posteri-
or fusion in the other three. Five patients received
conservative treatment, using halo-vest apparatus,
Glisson’s traction, or cervical collar. Four patients
who had received surgery had sustained complete
quadriplegia with Frankel A preoperatively, and their
neurological impairment was not recovered by dis-
charge. They could not live by themselves without
helpers. These injuries to the middle or lower cervi-
cal spine had occurred during diving, rugby or gym-
nastic ‘long-horse’ activities. The mechanism of the
injury was mainly due to over-flexion. According to
our follow-up in the outpatient clinic and our tele-
phone interviews, one patient with quadriplegia had
died at 17 years after a diving injury, and there was
no patient who had returned to prior sport activity,
except to school mat exercise, even if they had suf-
fered no neurological impairment.

Case 5 : A 23-year-old male handball player. In
1985, while playing handball, he collided with anoth-
er player and contused his nape against the floor. He
felt a click and severe pain in his nape but did not vis-
it a hospital because he was a starting member for a
regular league. At 5 weeks later, he visited our hos-
pital with complaints of pain and limitation in the
range of motion (ROM) of the neck. X-ray showed
subluxation at C1/2 (Fig. 1). He received posterior
fusion at C1/2 and recovered from the neck pain but
still has some limitation in ROM. He did not return

A : Complete neurological injury: complete loss of motor and sensory function below the level of injury.
B : Preserved sensation only: motor function cannot be clinically detected.
C : Preserved voluntary motor function, but nonfunctional. Sensory function may or may not be preserved.

D : Preserved useful voluntary motor function.

E : Normal motor and sensory function, abnormal reflexes may remain.

14
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Table 2 Summary of patient characteristics

Case Age Sex Injury site Sport Treatment Frankel scale
1 9 F C1/2 fixation Mat (school) Traction E—E
2 9 F Os odontoideum Mat (school) PF E—E
3 15 M Dens fx Trampoline PF E=E
4 16 M Hangman fx Rugby Halo-vest D—E
5 23 M C1/2 sublux Handball PF E—E
6 14 M C2/3 sublux Wrestling PF E—=E
7 27 M C3/4 Motorcycling Traction D—D
8 19 M C3/4 Gymnastics PF A—B
9 18 M C4/5 Gymnastics AF & PF D—E

10 21 M C4/5 Rugby AF & PF A—A
11 68 M C5 (neurinoma) Skiing PF C—D
12 17 M C5/6 Judo AF & PF C—E
13 22 M €1, 5, 6fx Gymnastics Halo-vest E—E
14 15 M C6 Diving AF A—A
15 12 M Cé6 Diving AF A—A
16 20 M C6 Diving PF D—D
17 16 M C6 Skiing PF E—E
18 22 M C6/7 Sumo AF D—E
19 18 F C7 Mat Collar E—E

a b

Fig. 1 Case 5 : C1/2 anterior subluxation.
a : A tomogram showed enlargement in the atlas-dens interval.
b : Posterior fusion using the Brooks method.
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Fig.2 Case 8.
a : Fracture-dislocation at C3/4.
b : Posterior reduction and fusion.

to being a handball player.

Case 8 : A 19-year-old male gymnast. In 1994, he
fell to the floor from a height of three meters during
gymnastic exercises on the ‘long-horse’. Immediate-
ly he felt severe numbness in his upper and lower
extremities. He sustained respiratory function failure
at eight hours after hospitalization by ambulance. He
received tracheotomy and was attached to an artifi-
cial respirator. At 2 weeks later, a posterior reduc-
tion and fusion operation was performed. He was
introduced to our hospital to maintain his artificial
respiration, and started his rehabilitation at six
months after the injury, but his quadriplegia is still
Frankel B (Fig. 2).

Case 10 : A 21-year-old male rugby player. In
1983, while participating in forming a scrum, his neck
was forced to flexion when the scrum collapsed, and
he sustained quadriplegia. Immediately he was
admitted to a nearby hospital by ambulance and
received direct skull traction. X-ray on admission
showed bilateral facet dislocation at C4/5. Reduction
was incomplete, and he was introduced to our hospi-
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tal at one month later. A posterior reduction and
anterior fusion operation was performed, but his neu-
rological impairment did not recover (Fig. 3).

Case 18 : A 22-year-old male sumo wrestler. In
1993, while dashing exercise in sumo wrestling, he
felt severe numbness in his forearms by hyperexten-
sion of his neck. At 6 months later, he could not play
a sumo wrestling because of severe dullness in his
low extremities. He was introduced to our hospital
with complaints of numbness and dullness in his
upper and lower extremities. MRI on admission
showed disc herniation at C6/7. A diskectomy and
anterior fusion operation was performed at 8 months
after an initial injury, but he gave up all hope of
return to a sumo wrestler by reason of hyperreflexia
in his lower extremities (Fig. 4).

Discussion
According to a nationwide epidemiological survey

from 1990 to 1992, the spinal cord injuries excluding
Frankel E occurred during diving (21.6 % ), skiing
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a

Fig. 3 Case 10 : Bilateral facet interlocking of the C4/5.

a : C4 anterior subluxation and enlargement in the interspinous distance can be seen.
b : Oblique view showed facet interlocking.

¢ : Anterior fusion was performed following posterior reduction and wiring.

Fig. 4 Case 18 : Hyperextension injury.

Sagittal T2W scan showed a high signal area of the spinal
cord and disc herniation at C6/7.
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(13.4 %), rugby (12.7 % ), paragliding or hang
gliding (7.0 %), close-contact sports, such as judo or
wrestling (6.6 %), gymnastics (5.9 %), motorcycle
riding (4.4 %), baseball (4.2%) and others (24.2
% ). The ratio of the number of injuries to the cervi-
cal spine to the number to the thoracic-lumbar-
sacral spine was 62 : 38. The survey report high-
lighted the incidence of sport accidents in the young.
Returning to sport activities is difficult following cer-
vical spine injury. We had no patient able to return to
prior sports, except to school mat exercise. Severe
neurological impairment was caused by hyperflexion
of the neck, that occurred for example in a collision
when diving, in a collapse of a scrum, or in a fall.
Simultaneous axial load and rotational force caused
increased neurological impairment in our severe
cases. Such accidents can be prevented to some
degree by correct coaching and neck muscle train-
ing. Tsuyama et al*’ recommended neck muscle
training to prevent neck injury in contact sports.
Especially heavyweight judo and sumo wrestlers
should be concerned about neck muscle strength.
Also we recommend MRI examination prior to
engaging contact sports. Spinal canal stenosis, and
disc degeneration, can be diagnosed using conven-
tional radiographs (and are needed for Down’s syn-
drome), while MRI may give more precise informa-
tion for athletes who have had any history of neck
pain, wryneck, or numbness or dullness in the
‘extremities. In our series, intradural neurinoma in
an elderly skier (Case 11) and cervical disc hernia-
tion in a sumo wrestler (Case 18) were revealed by
MRI. Cantu et al®’ stated that a normal canal size on
lateral X-ray films did not preclude the possibility of
functional spinal stenosis. For this reason, MRI, a
myelogram, or contrast-enhanced CT is needed for
detecting any functional spinal stenosis. MRI is con-
venient for outpatients. If suspected cervical spinal
injury occurs, immediate transfer to hospital with
neck immobilization is most important. The athlete
should be admitted to the spine center immediately
following a check of neurological conditions. Initial

treatment is a complete rest and high dose therapy
with methylprednisolone is recently recommended
instead of conventional steroid therapy. In our
series, conventional steroid therapy was given to par-
alytic patients. Bracken et al* reported that
increased recovery of neurological function was seen
at 6 weeks and at 6 months and continued to be
observed 1 year after injury, in patients treated with
methylprednisolone within eight hours following the
injury. Ohtani et al® also demonstrated that treat-
ment with large doses of it was effective at the rate of
60 percentage, when the medication was given in the
first eight hours after injury.

In the case of an unstable cervical spine, reduction
and stabilization are performed as soon as possible.
Rehabilitation is required in all cases following an
operation.

Conclusion

1. All nineteen patients with a cervical spinal injury
caused by sport activities were studied, from the
last twenty years.

2. Fourteen patients had received surgical treat-
ment. The average age was 21.5 years (ranging
from 12 to 68 years) in males, and 12.0 years
(ranging from 9 to 18 years) in females.

3. Four patients had sustained complete quadripleg-
ia in an accident during diving, rugby or gymnas-
tic ‘long-horse’ activities.

4. No patients had returned to prior sport activity
except to school mat exercise.

5. MRI is recommended for all athletes who have a
history of any neurological abnormality in the
extremities before engaging any contact sport.
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Swan-neck Deformity by Sports Injury

: A Report of Three Cases
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@ Abstract

Swan-neck deformity (SND) of the finger usually occurs in patients with rheumatoid arthri-
tis, but sometimes occurs following injury. We have surgically treated 3 cases of SND caused by
sports injury, and we report satisfactory outcomes in these 3 cases. All 3 patients were women,
and they were injured while playing basketball, handball, and volleyball. Because their injured
fingers gradually became deformed and painful, we performed surgical treatment using
Swanson’s method.

In cases of severe SND resulting from untreated hyperextensive injury of the PIP joint, nor-
mal articular function of the finger cannot be completely restored, even when surgical treatment
is performed. Therefore, it is very important to make early diagnosis and perform early treat-
ment.
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Introduction

Swan-neck deformity (SND) of the finger is a
deformity in the proximal interphalangeal (PIP) joint
in hyperextension with the distal interphalangeal
(DIP) joint in a flexed position as a result from fail-
ure in the balance of the extensor mechanism. This
deformity is usually observed in patients with
rheumatoid arthritis, but sometimes occurs as a post-
traumatic disorder. We have surgically treated 3
cases of SND caused by sports injury, and we herein
report satisfactory outcomes in these 3 cases.

Cases

Case 1 : A 51-year-old woman injured her left lit-
tle finger in 1991, while playing basketball, but she
first visited our department in January 1999, after the
injured finger had gradually become deformed and
painful. At this initial examination, she also reported
that she had been a member of a softball team, but
she was not able to swing with power.

The PIP joint hyperextended at 22 degrees and
showed no active flexion, but passive flexion was pos-

a b ¢

Fig. 1 Case 1 : Pre-operation.
(a) Lateral view of the left little finger, (b) plain X
-ray of the lateral view, (c) plain X-ray of the A-
P view.

BZRSFE VOL21 NO4 299

sible at up to 90 degrees with slight assistance. The
DIP was mobile in a range of 40—50 degrees (Fig. 1
a). The radiograph of the PIP joint showed a 16
degree ulnar deviation, and an arthritic change in the
ulnar condyle (Fig. 1 b, ¢). The superficial flexor
tendon was surgically fixed onto the proximal pha-
lanx using Swanson’s procedure while the PIP joint
was placed in a 30 degree flexed position (Fig. 2).
Since the radial collateral ligament was loosened, but
not torn, tense ligation was performed on this liga-
ment.

She was allowed to have active flexion exercising
of the PIP joint at 2 weeks after the surgery, and she
began to play softball at 3 months after the surgery
with the affected finger taped. The range of motion
at 1 year and 2 months after the surgery was 0 to 94
degrees in the PIP joint, and 20 to 84 degrees in the
DIP joint, indicating correction of the SND (Fig. 3 a,
b).

Case 2 : A 50-year-old woman injured her right
little finger at 16 years of age while playing handball,
which developed to become SND. This was left
untreated until July 1998. When her right little finger
was swollen and had developed a flexion disorder
after gardening. She received surgery at a nearby

Fig. 2 Case 1 : During surgery.
The superficial flexor tendon was surgically
fixed onto the proximal phalanx using
Swanson’s procedure while the PIP joint was
placed in 30° flexion.

21
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a b
Fig.3 Case 1 : Post-operation.
(a) Left hand, (b) plain X-ray of the lateral view.

hospital based on the diagnosis of a snapping finger.
Although the details of that surgery were not known,
the affected finger, that had been actively mobile
before surgery, was subsequently incapable of active
flexion post-operatively, and she visited our hospital
in September 1998 for the first time.

The PIP joint was hyperextended at 30 degrees
and showed no active flexion, though passive flexion
up to 44 degrees was possible. The DIP joint was
fixed in a flexion of 60 degrees (Fig.4 a, b,c). The
finger was not painful, but interfered with her activi-
ties for daily living, so she underwent elective
surgery. Since the extensor mechanism of the finger
had severe adhesion due to the previous surgery, lat-
eral band mobilization was performed to provide the
PIP joint with flexion. The deformity was corrected
with tenodesis (as in Case 1), though with a bone
anchor for fixation. At 1 year after surgery, the SND
had not recurred, and the range of motion had
improved to 0—60 degrees in the PIP joint, and 0—-54
degrees in the DIP joint, allowing active movement
(Fig.5a, b, c).

Case 3: A 47-year-old woman had injured her left
little finger in 1989 while playing volleyball, and an
osteopath immobilized the injured site for 2 months.
After that, she began to play volleyball with the affect-

22

a b (o]

Fig. 4 Case 2 : Pre-operation.
(a) Lateral view of the right little finger, (b) plain
X-ray of the lateral view, (c) plain X-ray of the A
-P view.

ed side taped. However, the left little finger gradual-
ly became painful and swollen, and she visited our
hospital in September 1996.

Although the patient reported that she had had
active movements in the PIP joint until 2 years previ-
ously, a fixed SND was observed in the left little fin-
ger at the initial examination, and the PIP joint could
not be flexed from a hyperextended position of 10
degrees, even passively (Fig. 6 a, b). She underwent
surgery in March 1997. An arch-shaped incision was
made into the back of the finger to widely expose the
PIP joint, but lateral band mobilization failed to flex
the PIP joint. Therefore, a Z-type lengthening was
performed on the central slip. Through this proce-
dure, the PIP joint was able to flex, but easily hyper-
extended. Thus tenodesis was also performed (as in
Cases 1 and 2). The range of motion was 30-74
degrees in the PIP joint, and 0—-20 degrees in the DIP
joint, at 9 months after the surgery, and the patient
returned to playing volleyball although taping was
required (Fig. 7a, b, c).

Discussion

Swan-neck deformity of the finger usually occurs
in patients with rheumatoid arthritis or in hands with



Fig. 5 Case 2 : Post-operation.
(a) Lateral view of the right little finger, (b) plain
X-ray of the lateral view, (c) plain X-ray of the A
-P view. In this case, anchor was used for fixa-
tion.

spastic paralysis, but sometimes occurs following
injury .

Causes of traumatic swan-neck deformity may be
classified into (1) a rupture in the terminal extensor
tendon, such as Mallet deformity, (2) a palmar con-
vex deformity caused by malunion of a middle pha-
lanx fracture, and (3) a failure in palmar stability due
to a volar plate injury, or a superficial flexor tendon
injury ?’.

In cases of severe SND, complete recovery cannot
be expected from conservative therapy. If the affect-
ed PIP joint can perform active flexion, surgical treat-
ment is rarely required, because the injury may not
interfere with sports activities. However, surgical
treatment is recommended in cases where the PIP
joint has no active flexion and/or there is a progres-
sive deformity.

As for treatment options, sufficient correction can
usually be achieved through dermadesis in mild
cases. Superficial flexor tenodesis is required in
severe cases to prevent hyperextension in the PIP
joint. When the PIP joint is destroyed, arthrodesis is
required ® .

In 1992, Foucher et al reported the results of a fol-
low-up study of 51 fingers with traumatic swan-neck
deformity in 33 patients over a mean postoperative

AMEFE VOL21 NO.4 301
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Fig. 6 Case 3 : Pre-operation.
(a) Lateral view of the left little finger, (b) plain X
-ray of the A-P view.

a b c

Fig. 7 Case 3 : Post-operation.
(a) The left hand, (b) plain X-ray of the lateral
view, (c) plain X-ray of the A-P view.

period of 35 months. They used Littler’s or
Thompson’s procedure for cases with no preopera-
tive restriction in the range of motion, and the post-
operative outcomes were evaluated as good or excel-
lent in 75-82 % of them* .

In our cases, we selected the Swanson’s proce-
dure, in which one side of the superficial flexor ten-
don is fixed onto the proximal phalanx, the proce-
dure originally developed for the treatment of spastic
hands (Fig. 8)°’. We selected this procedure

23
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Fig. 8 Section A shows the swan-neck deformity.
Section B shows tenodesis in the sublimis
tendon with the tendon attached to the
proximal phalanx by two sutures passed
through two drill holes in the proximal pha-
lanx.

Tenodesis of Sublimis

because it maintains the strength of the profundus
flexor tendon and offers sufficient power to prevent
hyperextension of the PIP joint with an improved
range of motion in the PIP and DIP joints.
Furthermore, since the surgical procedure is not so
complicated, patients are able to return to sports
activities quickly. We applied this technique to the
treatment of traumatic SND, and we have observed
no recurrence of SND during a relatively long-term
follow-up. This tenodesis was a method of maintain-
ing a flexed position of the PIP joint. However, other
surgical procedures were required to correct the
deformity; namely, tense ligation of the radial collat-

24

eral ligament performed in Case 1, lateral band mobi-
lization in Case 2, and Z-type lengthening of the cen-
tral slip in Case 3, in addition to lateral band mobiliza-
tion.

Conclusion

In cases of severe SND resulting from untreated
hyperextensive injury in the PIP joint, normal articu-
lar function of the finger cannot be completely
restored, even after surgical treatment is performed.
Therefore, it is very important to make early diagno-
sis and perform early treatment.
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Injuries in Elite Skaters
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@ Abstract

In order to know the characteristics of injuries in skaters, we have retrospectively investigated
the injuries in 246 elite skaters recorded on their medical charts. Among these, 312 injuries
were recorded, involving 170 skaters. These included 192 injuries to the lower extremity, 65 to
the trunk, 41 to the upper extremity, and 14 to the head or neck. In figure skaters, 78 percent of
the injuries involved the lower extremity with sprains and fractures in the ankle or foot, overuse
disorders around the knee or ankle, and stress fractures being common. In speed skaters and in
short-track speed skaters, approximately half the injuries were in the lower extremity, and also
fairly high percentage were in the trunk or upper extremity. Skin lacerations were common in
short-track speed skaters. Low-back pain was the most frequent overuse injury, especially in
speed skaters and in short-track speed skaters.
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Introduction

There are some injuries that are known to be sport
-specific. For example, baseball players commonly
suffer from overuse injury in the shoulder or elbow,
whereas soccer players have a high incidence of sus-
taining an acute injury in the knee. As staff of the
Japan Skating Federation and the Japanese Olympic
Committee (JOC), we have participated in a rein-
forcement project for preventing injury in skaters.
To do that effectively, it was mandatory to know what
kind of injury they frequently sustained. However,
the characteristics of their injuries were not fully
known, since only sporadic reports have been pub-
lished! ~%. Moreover, those few reports investigat-
ed injuries only in figure skaters. There has been lit-
tle information about speed skating or short-track
speed skating injuries”’. The purpose of the present
study was to discover the characteristics of injuries in
skaters, including speed skaters and short-track
speed skaters, as well as figure skaters.

Materials and Methods

All those skaters who have received at least one
medical check by the JOC, from September 1987 to
November 1999, were included into this study.
There were 246 skaters, including 111 (59 male and
52 female) speed skaters (Group SS), 60 (33 male
and 27 female) short-track speed skaters (Group
ST), and 75 (32 male and 43 female) figure skaters
(Group FS). They had received medical checks as
authorized skaters by the JOC, and/or were team
members of the Olympic Games, Asian Winter
Games or Winter Universiade. The average age at
the time of the first medical check was 20.3 + 2.2
years (range 16—28 years), 19.3 + 2.5 years (range
13-27 years), and 17.9 + 3.8 years (range 12-29
years), for Group SS, Group ST, and Group FS,
respectively.

Medical checks were performed by more than one
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orthopaedic surgeon. At the first medical check, the
skaters, with the help of an orthopaedic surgeon,
completed a questionnaire including items concern-
ing their past history. The injuries in skaters were
investigated by drawing the information about their
previous injuries from their past history recorded in
the charts of the medical checks. When the chart
indicated that an injury was not related to skating or
training for skating, then that injury was not included
into this study. The locations of the injuries were
classified into the lower extremity, trunk, upper
extremity, and head or neck. The injuries were also
classified as acute or chronic overuse injury.

Results

Among the 246 skaters, there had been 312
injuries recorded, involving 170 skaters. There were
70 in Group SS, 45 in Group ST, and 55 in Group FS,
with 119, 95, and 98 injuries, respectively. These
included 192 (62 %) injuries to the lower extremity,
65 (21 %) to the trunk, 41 (13 %) to the upper
extremity, and 14 (4 %) to the head or neck. Seventy
-eight percent of the injuries in Group FS were locat-
ed in the lower extremity. On the other hand, in
each of Group SS and Group ST, the percentage of
the lower extremity injuries was lower than that in
figure skaters, while the percentage of trunk or
upper extremity injuries was relatively high (Table
1).

One hundred and twenty-one of the 192 lower
extremity injuries were acute, including 55 sprains in
the ankle or foot, 19 fractures in the ankle or foot, 13
skin lacerations, and 12 muscle strains. More than
10 sprains in the ankle or foot were recorded in each
group, whereas a fracture in the ankle or foot was
recorded mostly in Group ST and Group FS, and skin
lacerations were most frequent in Group ST.

Seventy-one lower extremity injuries were due to
overuse. These included 29 disorders around the
knee (patellar tendinitis, etc.), 19 disorders around
the ankle (anterior tibial tendinitis, etc), and 12
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Table 1 Location of injuries
Group SS Group ST Group FS Total
Lower extremity 63 (52%) 53 (56%) 76 (78%) 192 (62%)
Trunk 34 (29%) 20 (21%) 11 (11%) 65 (21%)
Upper extremity 15 (13%) 17 (18%) 9 (9%) 41 (13%)
Head or neck 7 (6%) 5  (5%) 2 (2%) 14  (4%)
Total 119 (100%) 95 (100%) 98 (100%) 312 (100%)
Table 2 Injuries to the lower extremity
Group SS Group ST Group FS Total
Male Female Male Female Male Female
Ankle or foot 6 19 7 4 10 9 55
sprain -
Ankle or foot 1 0 ' 1 5 5 19
fracture
Skin laceration 2 2 4 4 0 1 13
Muscle strain 5 1 0 2 0 4 12
Knee ligament 1 1 2 0 1 4 9
mjury
Knee meniscus 1 1 0 0 1 0 3
injury
Lower leg fracture 0 0 2 0 0 1 3
Others (acute) 4 0 0 1 0 2 7
Subtotal (acute) 20 24 22 12 17 26 121
Overuse disorder 3 6 5 4 7 4 29
around the knee
Overuse disorder 2 0 0 3 4 10 19
around the ankle
~ Stress fracture 4 2 1 0 0 5 12
Shin splint 0 0 2 1 1 0 4
Others (chronic) 2 0 1 2 1 1 T
Subtotal (chronic) 11 8 9 10 13 20 71
Total 31 32 31 22 30 46 192
stress fractures. Overuse disorders around the ankle
were most commonly recorded in Group FS. Four Discussion

stress fractures recorded in the males of Group SS
were sustained by the same speed skater. He had
incurred a stress fracture in the metatarsal bone four
times. Excluding this unusual case, the stress frac-
tures were mostly recorded in the female figure
skaters (Table 2).

Fifty-six of 65 trunk injuries resulted from
overuse. Forty-six of these overuse injuries to the
trunk were diagnosed as low-back pain (Table 3).

All the 41 upper extremity injuries were acute,
including 9 dislocations in the shoulder, 8 fractures
in the clavicle, 7 fractures in the wrist, and 4 fractures
in the finger or thumb (Table 4).

All the 14 injuries to the head or neck were also
acute, including 6 skin lacerations (Table 5).

In this study, we examined all the skaters that had
received the medical checks held by the JOC, which
supervises almost all the elite non-professional ath-
letes in Japan. Therefore, all the amateur Japanese
elite skaters during this period were considered to be
included into this study. And the size of this study
group was relatively large, compared to the previ-
ously reported etiological studies for injuries in

skaters! 3.

Despite these advantages, there were
some difficulties in this study. This was a retrospec-
tive study and depended in large part on the reliabili-
ty of the skaters’ memory. Also, each medical check
was not performed by only the one medical doctor,

but by several orthopaedic surgeons who helped the
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Table 3 Injuries to the trunk
Group SS Group ST Group FS Total
- Male Female Male Female Male Female
Lumbar or thoracic 0 1 1 2 0 0 4
spine fracture
Others (acute) 0 2 1 0 1 1 5
Subtotal (acute) 0 3 2 2 1 1 9
Low-back pain 10 15 9 6 2 4 46
Lumbar disc 1 2 0 0 0 2 5
herniation
Lumbar 1 1 0 1 0 0 3
spondylolysis
_ Others (chronic) 2 0 0 0 0 0 2
~ Subtotal (chronic) 18 9 q 2 6 56
Total 14 21 11 9 3 i/ 65
Table 4 Injuries to the upper extremity
Group SS Group ST Group FS Total
Male Female Male Female Male Female
Shoulder 1 2 3 0 1 2 9
dislocation
Clavicular J 1 2 2 1 1 8
fracture
Wrist fracture 3 1 1 1 0 1 7
Finger or 0 0 3 0 i 0 1
thumb fracture
Skin laceration 0 1 1 1 0 0 3
Others 4 1 2 1 1 1 10
Total 9 6 12 5 4 5 41
Table 5 Injuries to the head or neck
Group SS Group ST Group FS Total
Male Female = Male Female Male Female -
Skin laceration 2 2 1 1 0 0 6
Contusion to the 0 2 1 0 1 0 4
head
~ Others 0 2 0 1 0 4
Total 2 4 1 2 0 14

skaters in their completing a questionnaire, which
could bring about interviewer variation in recording
the details from the skaters. Furthermore, although
some injuries were excluded from this study when
the charts clearly indicated that they had no relation
to skating or training for skating, some injuries that
resulted from other causes were still included. We
recognize these difficulties, but we observed some
trends.

An injury to the lower extremity was the injury
most commonly recorded in each group. However,
this percentage varied among the three groups.
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Approximately half the injuries were located in the
lower extremity in the speed skaters, and in the short
-track speed skaters, while nearly 80 percent of all
injuries involved the lower extremity in figure
skaters. This high incidence of lower extremity
injury in figure skaters was consistent with other
reports! =33,

The causes of the injuries could not be fully deter-
mined in this study. However, figure skaters are
known to spend much training time on ice ' ?’.
Therefore, we assumed that most of the fractures

and sprains in the ankle or foot in the figure skaters,



Fig. 1 In short—tack skating, more than 3 skaters usual-
ly race at the same time.

which were recorded with high incidence, probably
occurred on ice, especially during jumping. The high
incidence of overuse injury in the lower extremity in
figure skaters, including a disorder around the knee
or ankle, and stress fracture, could also be explained
by the long time training for jumping on ice® *’.
Elite figure skaters always wear custom made boots
which should provide a snug fit. When the boots do
not fit perfectly, boot-related injury in the ankle or

foot can occur® >

. In our study, too, some overuse
injuries to the foot or ankle were suspected to have
been related to the skating boot.

No epidemiologic studies have yet been published
on speed skating or short-track speed skating
injuries”’. The results from the present study
showed that a lower extremity injury was most com-
mon not only in figure skaters but also in speed
skaters or short-track speed skaters. However, the
causes of the injury might be different among these
skaters. Speed skaters and short-track speed
skaters spent more training time on dry-land train-
ing, compared to figure skaters? . Therefore,
injuries that occurred during dry-land training were
probably included among their injuries. For exam-
ple, a sprain in the ankle or foot in speed skaters or
short-track speed skaters was likely to have
occurred more frequently during dry-land training
such as running along the ground.
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Fig. 2 In short—tack skating, a fall often involves more
than one skater.

In short-tack skating, more than 3 skaters usually
race at the same time along a course, which is much
shorter than that used in speed skating and which
has curves with a smaller radius (Fig. 1). Falls are
very frequent, and a fall often involves more than one
skater (Fig. 2). In any fall, skaters tend to collide
against the protective fence around the course. At
that time, they sometimes have their skin cut by the
skate blades of their own or of other skaters. This is
probably the reason for the higher incidence of skin
laceration in short-track speed skaters. A higher
risk of falling on the ice in short-track speed skating
could also explain the higher incidence of upper
extremity injury among them.

In the present study, a relatively high percentage
of trunk injury was recorded in speed skaters, and in
short-track speed skaters, compared to figure
skaters. Low-back pain occurred with the highest
incidence not only among the trunk injuries, but also
among all the chronic overuse injuries in skaters.
We have previously reported the role of hip flexor
tightness in the occurrence of low-back pain in
speed skaters and in short-track speed skaters®.
During skating, they bend their trunks forward with
their hips in flexion?’. In this position, the hip flex-
ors have to be activated within a short excursion
without stretching to their maximum length, which
leads to hip flexor tightness and flexion deformity in
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the hip. This causes the pelvis to tilt forward when
the skater stands erect, and the lumbar spine com-
pensates with an increased lordosis to remain
upright. Strong paravertebral muscle activity to keep
the forward bending position during skating also
takes part in the increased lumbar lordosis, which
probably predisposes the skaters to onset of low-
back pain®. The lower incidence of low-back pain in
figure skaters would support this speculation. In con-
trast to speed skaters and short-track speed skaters,
figure skaters do not spend much time with their
hips in flexion on the ice.

Conclusion

Through a retrospective study using the charts of
past medical checks, we have concluded that injuries
in skaters most frequently involved the lower extrem-
ity: that in figure skaters nearly 80 percent of injuries
occurred in the lower extremity with a sprain or frac-
ture in the ankle or foot, overuse disorder around the
knee or ankle, or a stress fracture being common;
that short-track speed skaters commonly sustained
skin laceration, and that low-back pain was the most
frequent overuse injury in skaters overall, especially
in speed skaters and in short-track speed skaters.
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Diving Injuries and Fatalities
BKEEEFRTES

Nobuo Yamami E ERY Yoshihiro Mano HEF ZHEY
Masaharu Shibayama Z[lI {52 Masayoshi Takahashi @t§ [F#F>
Masaki Hayano B ELY

@ Key words

Diving : Injury : Fatality

(u k -?%, e

@ Abstract

We analyzed 587 cases of injuries and 132 cases of fatalities related to diving. Only 10.7 % of
the injuries occurred in divers who were 40 years old or older, whereas 45.5 % of the fatalities
occurred in this age category. Nearly 70 % of the fatalities were associated with diving without a
buddy (partner). In sport diving, solo diving should be avoided and extra attention should be
given to the exact location of diving partners at all times. More conservative dives by divers
over the age of 40 might also result in a decrease in diving-related fatalities.
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Introduction

With the increasing popularity of sport diving, the
number of diving-injuries has also increased!’. We
established a 24-hour diving emergency medical
telephone consultation (hot-line) service in April
1992 to provide support to injured sport divers and to
the medical personnel who care for them?'. The hot
-line doctors offer emergency consultation and pro-
vide introductions to appropriate medical facilities for
injured divers. This hot-line works in close relation-
ship with the Japan Coast Guard (JCG). In addition
to providing emergency consultations, the hot-line
also collects information on accidents related to
recreational diving. The JCG is a government organi-
zation responsible for rescue and recovery in
Japanese waters. Naturally, the organization has
reports on all accidents at sea.

Caruso et al reported that cardiovascular diseases
are a common cause of recreational diving fatalities
in the USA and that less experienced divers
encounter these disasters more frequently than expe-
rienced divers®*'. Very few reports examining div-
ing injuries or fatalities have been made in Japan.
We therefore analyzed the data from the hot-line cas-
es and the diving accidents to which the JCG
responded.

Materials and Methods

1. Diving injuries

Data from hot-line cases that occurred between
April 1992 and March 1999 were analyzed. The term
“diving injury” refers to all physical injuries caused
by diving, including decompression illness (DCI).
DCI includes decompression sickness (DCS) and
arterial gas embolism (AGE). DCI incidents were
classified as Type I DCS, Type II DCS, or AGE
according to the conventional classification. DCS
incidents with signs and symptoms such as itching,
rash, or pain in the extremities were classified as
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Type I (nonserious) DCS, while signs and symptoms
involving neurological, pulmonary, or cardiovascular
symptoms were classified as Type II (serious)
DCS®. Gas embolisms in the arteries of the brain
caused by pulmonary overpressurization were classi-
fied as AGE.

2. Diving fatalities

The JCG has collected all available information on
the diving accidents that occurred between January
1994 and December 1999. Information was obtained
from witnesses, diving buddies, and the doctors who
treated the victims. Furthermore, all fatality cases
were reviewed to determine the primary cause of the
disasters.

Cases in which the diver dived alone were classi-
fied as “solo diving”. Cases in which the diver lost
contact with his/her diving buddy during the dive or
undertook independent exploration were classified as
“missing partner”. The term “equipment” includes
not only buoyancy compensator devices (BCD) and
regulators, but masks, fins, dry suits, and any other
gear that the diver was wearing. Accidents that
occurred because the diver(s) were not accustomed
to the use of their equipment were classified as “mis-
use of equipment”, not “lack of experience”.
Moreover, accidents that occurred because of the
action of the waves were classified as “wave condi-
tions”. Fatalities in which cardiovascular disease or
other pre-existing health conditions were suspected
were not listed under those causes unless the diagno-
sis was confirmed. Cases in which the cause of
drowning could not be determined were classified as
“cause unknown”. Any information on pre-existing
health condition that could have been related to the
cause of death was also collected.

Results
1. Diving injuries

The hot-line has received 587 calls for diving-
related injuries in 7 years (Table 1). DCI, including
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Table 1 Number of hot-line cases received each Table 2 Diagnosis of diving injuries

i Diagnosis Cases %
Year Cases DCI
April 1992 - March 1993 80 Type I DCS 85 145
April 1993 - March 1994 99 Type Il DCS 154 26.2
April 1994 - March 1995 81 AGE 25 4.3
April 1995 - March 1996 100 Middle and/or inner ear problems 33 5.6
April 1996 - March 1997 78 Sinus problems 19 3.2
April 1997 - March 1998 71 Injuries by marine creatures 1 19
April 1998 - March 1999 78 Other 260 443
Total 587 Total 587 100

Table 3 Ages and genders of injured divers

Age Male % Female %  Total %

=9 0 0 0 0 0 0
10—-19 2 08 3 1.9 5 1:2
20—29 106 41.2 110 71.0 216 52.4
30—39 112 43.6 35 22.6 147 35.7
40—49 30 11.7 4 26 34 8.3
50—-59 6 23 3 1:9 9 2:2
60—69 1 0.4 0 0 1 0.2
70= 0 0 0 0 0 0
Total 257 100 155 100 412 100

Table 4 Ages and genders of DCI cases

Age Male %  Female % Total %

=9 0 0 0 0 0 0
10—19 0 0 1 1.4 1 0.5
20—29 51 39.5 49 70.0 100 50.3
30=—39 55 42.6 9 271 74 37.2
40—49 17 132 1 1.4 18 9.0
50—59 5 39 0 0 5 25
60—69 1 0.8 0 0 1 0.5
70= 0 0 0 0 0 0
Total 129 100 70 100 199 100

Table 5 Rescues and fatality cases to which the Japan Coast Guard responded

Year Rescued Fatalities Total
Male Female Sub total Male Female Sub total
1994 31 10 41 21 7 28 69
1995 4 9 13 15 2 17 30
1996 11 10 21 25 6 31 52
1997 12 6 18 12 6 18 36
1998 8 6 14 13 4 17 31
1999 18 13 31 16 5 21 52
Total 84 54 138 102 30 132 270

DCS and AGE accounted for the largest proportion of
diving injuries—264 (45.0 % ) of 587 cases (Table
2). About 90 % of all injured divers were under the
age of 40, and only about 10 % of the injured divers
were 40 years old or older (Table 3). Similarly,
about 90 % of the DCI cases were under the age of
40, and about 10 % of the DCI cases were 40 years
old or older (Table 4).

2. Diving fatalities

Half (132 of 270 cases) of the cases collected by
the JCG were fatalities (Table 5). The causes of
fatality are shown in Table 6. Thirty-eight point six
percent of the fatalities were classified as “missing
partner”, and an additional 31.1 % of the diving fatali-
ties were classified as “solo diving”. Overall about
70 % of the fatalities were related to diving without a

partner(s). Forty-five point five percent of all fatali-
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Table 6 Causes of death
Causes Male % Female % Total %
Missing partner 36 35.3 15 50.0 51 38.6
Solo diving 39 38.2 2 6.7 41 31.
Insufficient air supply 20 19.6 1 33 21 15.9
Current 12 11.8 6 20.0 18 13.6
Panic 10 9.8 2 b7 12 9.1
Misuse of equipment 10 9.8 2 6.7 12 9.1
Cause unknown 7 6.9 3 10.0 10 7.6
Alcohol 6 5.9 0 0.0 6 4.5
Wave conditions 3 2.9 T 33 4 3.0
DCI 2 20 1 33 3 23
Asthma 2 2.0 0 0.0 2 5
Encephalorrhagia 2 20 0 0.0 2 1.5
Nitrogen narcosis I [P 1T 3.3 2 1.5
Contact with boat 0 0.0 2 6.7 2 1.5
Acute myocardial infarction 1 1.0 0 0.0 1 0.8
Pulmonary barotrauma 1 1.0 0 0.0 1 0.8

% : percentage of 132 fatality cases in total

Table 7 Ages and genders of fatality cases

Number of cases %

Age Male Female Total

=9 0 0 0 0 0 0
10—19 1 1.0 3 100 4 3.0
20—29 26 25.5 11 367 37 28.0
30—-39 24 235 7 233 31 235
40—49 24 235 3 10.0 27 20.5
50—59 21 206 2 6.7 23 17.4
60—69 6 59 4 133 10 7.6
70= 0 0 0 0 0 0
Total 102 100 30 100 132 100

ties occurred in divers who were 40 years old or
older (Table 7).

Discussion

The hot-line cases contained a high percentage of
injuries, while the JCG cases contained a high per-
centage of fatalities. This difference is probably due
to the nature of the services. Divers call the hot-line
to ask for suitable first aid and/or evacuation to a
referral hospital. However, most JCG calls are
requests for the search and/or rescue of diver(s).
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In most diving fatalities, the direct cause of death
is drowning. However, the circumstances and events
that result in the drowning are far more important
because this information provides the “true” cause of
the accident. Consequently, we did not include
“drowning” as a cause of fatality.

Determining the “true” cause of a fatality is very
difficult. Running out of air might result from a lack
of diving experience or carelessness in experienced
divers. Moreover, the reason why air could not be
supplied could be the misuse of equipment, equip-
ment malfunction, or a depletion in the supply of air.
If the air supply is depleted, panic or rapid ascent
usually occurs, resulting in pulmonary barotrauma.
In this study, cases where acute heart failure, heart
attack, or arrhythmia were suspected as the cause of
death but not confirmed were classified as “cause
unknown”. Pre-existing health problems or physical
weakness might also be considered as critical risk
factors in diving-related fatalities. However, these
factors were not classified as the cause of death
unless their effect was confirmed. Solo diving (div-
ing alone) is not recommended in recreational div-



ing®. According to previous investigations of
American divers, cases related to “solo diving”
account for 5-22 % of all fatalities”’. In our study,
nearly 70 % of fatalities were related to “solo diving”
or “missing partner”. When the buddy system fails
during a dive, the dive becomes a case of solo diving,
which is the largest cause of fatality among sport
divers. If the buddy system is maintained through-
out a dive, the chances of survival increase even if a
diving injury occurs while underwater. In the same
investigation mentioned above, fatalities related to
equipment problems accounted for 2.5-5% of all
fatalities”’. Incidents that occurred on the surface
before descent or during the early phase of the dive
were often associated with “equipment malfunction”

"7 In our

or “improper assembly of equipment
study, cases related to “misuse of equipment”
accounted for about 10 % of fatalities, but no cases of
“equipment malfunction” occurred.

Cardiovascular diseases are a primary cause of
fatality in U.S. recreational divers, especially in the
over 35 years of age category®’. In this study, how-
ever, cardiovascular diseases accounted for only a
few fatalities. One reason for this finding is that few-
er autopsies are performed in Japan than in the USA.

The four most common risk factors associated
with DCI are rapid ascent, buoyancy problems,
equipment problems, and diving outside the limits of
one’s computer or dive tables. Thirty-six percent of
DCI cases in the USA exhibited one or more of these
factors®. In the present study, risk factors for DCI
were not investigated. However, in a previous study
of ours, 85.2% (92/108 cases) of DCS cases
occurred because the diver did not abide by the basic
rules of his/her dive tables? . Rapid ascent after run-
ning out of air or panic is frequently part of the diving
scenario in AGE cases!”’. About 20 % of problems
occurring in the last part of the dive or during ascent
can be directly attributed to an “insufficient air
supply” V.
fatality was an insufficient air supply. Even if a diver

In this study, the third largest cause of

runs out of air while underwater, he/she can survive
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if a buddy diver is present by using techniques such
as “buddy breathing” (alternate breathing through
the buddy’ s main regulator) or “octopus breathing”
(breathing through the buddy’s octopus regulator).
About 90 fatalities in an estimated population of 2 mil-

lion divers occur in the USA every year!% 3/ ]

n
Japan, about 20 fatalities in a population of 4 hundred
thousand divers occur every year. Thus, the fatalities
rate in Japan is about the same as that in the USA .
In a previous report examining diving fatalities in the
USA, the 40-49 years old category contained the
largest number of fatalities and the 40 years old or
older category contained the largest proportion of
fatalities '®’. In the present study, the number of
fatalities was highest in the 20—29 years old category,
but the 40 years old or older category contained
about half of the fatalities. The difference in these
age distributions may be due to differences in cultur-
al background, diving activity, or the age composition
of the diving population. The true incident rate can
not be calculated without knowing what fraction of all
dives are performed by each age category.
Nevertheless, among the 12 thousand members of
the Divers Alert Network of Japan, (the association
operating the hot-line), the diving rate of the 40
years old or older category is 26.2 % (318/12, 147
people)®'. The rate of fatalities in the 40 years old
or older category of this study was greater than this
figure.

Conclusion

More diving injuries occurred in the under 40
years old category, but the number of fatalities was
higher in the 40 years or older age category.
“Missing partner” and “solo diving” should be avoid-
ed in sport diving, and divers should be within sight
of a diving buddy at all times while underwater.
More conservative diving habits in divers over the
age of 40 years might also result in a decrease in the
number of diving-related fatalities.
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Decorin Antisense Gene Therapy decreases Creep
Behavior of Early Ligament Scar
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@ Abstract

Injured ligaments heal with scar tissue with inferior mechanical properties to those of normal
ligament, potentially resulting in joint instability and subsequent degenerative arthritis. In liga-
ment scars, large diameter collagen fibrils have been shown to be replaced by a homogenous
population of small collagen fibrils. Since collagen is a major tensile load-bearing matrix ele-
ment, we hypothesized that the restoration of larger collagen fibrils in a ligament scar, by down
regulating the proteoglycan decorin, would improve scar mechanical properties. In contrast to
sense and injection controls, in vivo treatment of injured ligament by antisense decorin
oligodeoxynucleotides led to a significant increase in the development of larger collagen fibrils
in early scar and a significant improvement in its creep behavior. This is the first report of in
vivo manipulation of collagen fibrillogenesis to improve tissue function during repair processes
using a gene therapy approach. These findings suggest the potential use of this type of
approach to improve soft tissue healing.
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Introduction

Ligament injuries are one of the most common
injuries to joints, but the optimal conditions for pro-
moting their healing still remain unknown. Previous
studies have shown that ligaments heal with scar
which is mechanically inferior to normal tissue .
Specifically, healing of rabbit medial collateral liga-
ment (MCL) of the knee reaches only 30—-40 % of
normal material strength at one year post-injury % .
Furthermore, injured ligaments can also stretch out
during healing® *’ ; the engineering term for this
behavior is creep. Since a major function of liga-
ments is to stabilize joints and since either weak or
loose ligaments can potentially lead to joint instabili-
ty, and degenerative arthritis®’, these inferior
mechanical qualities of ligament scar are a serious
clinical concern.

Of the various components of connective tissue,
collagen plays a key role as the major tensile load-
bearing element. Therefore, qualitative and quantita-
tive alteration in the collagen matrix during scar for-
mation is likely sources of altered tissue mechanical
properties after injury. Previous studies have shown
that soft tissue scars have common alterations in bio-
chemical properties compared with normal tissues,
such as changes in collagen types (decreased type I
and elevated types III and V) and abnormal collagen

cross-linking 1 & 7.

Morphologically, soft tissue
scars have also demonstrated similar changes in the
organization of their collagen. With scarring, normal
large diameter collagen fibrils in soft tissues are
replaced by relatively small collagen fibrils®’.
However, ligament scars contain only homogenous
small fibrils for months to years after injury®.
Previous studies have suggested that the presence of
large diameter collagen fibrils in normal and healing
soft tissues could correlate with their mechanical
strength® 1%, Thus, production of larger diameter
collagen fibrils in soft tissue scars could potentially

improve their mechanical properties. However, no

38

study regarding the iz vivo manipulation of the diam-
eter of newly synthesized collagen fibrils during tis-
sue repair processes has been reported.

The interaction of collagen molecules with proteo-
glycan is one of the mechanisms implicated in colla-
gen fibrillogenesis. Members of the small leucine
rich proteoglycans (SLRPs), decorin, fibromodulin,
and lumican have been suggested to inhibit collagen

fibrillogenesis '*.

Specifically, the results of in vitro
binding experiments, molecular and biochemical
analyses of tendon development, and knockout
mouse studies, collectively suggest the involvement
of decorin in collagen fibril assembly > ¥, Further,
the presence of decorin mRNA'* and of protein ' in
ligament scar has been observed. Accordingly, we
hypothesized that inhibition of decorin expression
during early stages of ligament healing would poten-
tially enhance the assembly of newly synthesized col-
lagen fibrils and thus improve the quality of ligament
scar tissue.

The antisense method, which blocks the transcrip-
tion or translation of specific genes by binding of
oligodeoxynucleotides (ODNs) to target mRNA, was
used for this purpose. To increase the efficiency of
gene transfer, a highly efficient hemagglutinating
virus of Japan (HV])-liposome method has been
developed '*’. HV]J promotes fusion of the liposome
with target cells and delivers the plasmid DNA and
ODNs into the cells'”’. We previously reported that
this method can be applied to healing ligament by a
direct injection of HVJ-liposomes into the ligament
scar® 19 We then established an efficient model
for in vivo ODN delivery into rabbit MCL scar and
confirmed the specific suppression of decorin at both
the mRNA and the protein levels over 4 wks after the
introduction of the antisense decorin ODNs!®. In
the present study, we report the morphological and
biomechanical effects of this antisense treatment on
early MCL healing using the same model.
Specifically, we evaluated the effect of this gene ther-
apy on the creep behavior of ligament scar under low
loading.



Materials and Methods

1. Synthesis of ODNs and selection of sequence
targets

The sequences of ODNs for rabbit decorin were;
antisense 5-GGA-TGA-GAG-TTG-CCG-TCA-TG-
3’, and sense 5-CAT-GAC-GGC-AAC-TCT-CAT-
CC-3' (—1 to + 19 of rabbit sequence). The anti-
sense ODNSs specifically inhibit decorin mRNA in pri-
mary cultured rabbit MCL scar cells .

2. Preparation of HVJ-liposomes

HV]J-liposomes were prepared as described previ-
Briefly, phosphatidylcholine, phos-
phatidylserine and cholesterol were mixed in a
weight ratio of 1 : 4.8 : 2. Dried lipid was hydrated in
balanced salt solution (BSS ; 140 mM NaCl, 5.4 mM
KCI, 10 mM Tris-HCI, pH 7.5) containing sense or
antisense ODNs. The mixture was agitated and soni-

ously *®.

cated for preparation of unilamellar liposomes. The
liposome suspension (0.5 ml, containing 10 mg of
lipids) was then incubated with HVJ (10,000 hemag-
glutinating units), which had been inactivated with
ultraviolet irradiation (110 erg/mm? per s for 3 min
just before use), to allow formation of HVJ-lipo-
somes. The mixture was incubated at 4 ‘C for 10 min
and, after adjusting total volume to 4 ml, incubated
for 60 min with gentle shaking at 37 °C. Free HV]
was removed from the HV]-liposomes by sucrose
density gradient centrifugation.

3. In vivo transfer of ODNs

Thirty-nine 12-month-old female New Zealand
white rabbits had the central 2 mm portion of their
MCL removed surgically under halothane general
anesthesia. Removal of the 2 mm portion naturally
creates a 4 mm midsubstance gap due to slight initial
retraction of the cut ends. Both edges of the liga-
ment were marked with 6-0 nylon thread (two
sutures at each edge) to identify the scar edge at tis-
sue sampling. For the antisense-treated (n =13)
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and the sense control group (n=13), HVJ-lipo-
somes (0.5 ml) containing 10 uM of antisense or
sense decorin ODNs were injected into the ligament
scars after 2 wks of healing, as previously
described '®’. The concentration of antisense
decorin ODNs (10 uM) was optimized in preliminary
in vitro antisense assays using rabbit MCL scar
fibroblasts (data not shown). As an injection-control
group (n=13), ligament scars were poked with a
needle without injection of any solution. All the pro-
cedures were performed with an open procedure
under direct visualization of the scars. The animals
were allowed to return to normal cage activity after
treatment. All the animals were handled according
to established ethical guidelines approved by the
local animal care committee, and were sacrificed with
a phenobarbitol overdose at 4 wks post-injection (at
6 wks after injury). Six rabbits from each group
were used for electron microscopic assessment and
reverse transcription-polymerase chain reaction (RT
-PCR) analysis, and the other 7 rabbits from each
group were used for creep analyses.

4. RT-PCR

Semiquantitative RT-PCR was performed on RNA
extracted from the scar tissues as previously report-
ed?Y using primer sets specific for rabbit decorin
and a housekeeping gene glyceraldehyde-3-phos-
phate-dehydrogenase (GAPDH). The rabbit
decorin 5 primer was 5-TGT-GGA-CAA-TGG-TTC
-TCT-GG-3 ; the 3" primer was 5-CCA-CAT-TGC-
AGT-TAG-GTT-CC-3’. The rabbit GAPDH 5’
primer was 5-TCA-CCA-TCT-TCC-AGG-AGC-GA-
3’ ; the 3’ primer was 5-CAC-AAT-GCC-GAA-GTG-
GTC-GT-3". The optimal conditions for RT-PCR
have been previously described ® and assessments
were in the linear range of the assay. The reaction
mixtures were assessed by 2 % agarose gel elec-
trophoresis, ethidium bromide staining and then
quantified using a Masterscan Interpretive
Demsitometer (CSPI Inc, Billerica, MA). The nor-
malization of decorin mRNA to GAPDH mRNA in
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each group was calculated from triplicate experi-
ments.

5. Transmission electron microscopy (TEM)

Specimens were fixed in 2 % paraformaldehyde,
2.5% glutaraldehyde, followed by 1% osmium
tetroxide in the same buffer, stained en block’
overnight with 0.5 % uranyl acetate in 50 % ethanol,
dehydrated in graded ethanol, and then embedded in
epoxy resin. 50-90 nm ultra-thin sections were
stained with uranyl acetate and lead citrate for 15 min
and analyzed with an H-600 electron microscope
operating at 50 kV®. For quantitative studies, colla-
gen fibril diameters were measured on photographic
negatives with a calibrated final magnification of
X 30,000. A total of 30,912 randomly-selected colla-
gen fibrils were measured.

6. Creep analysis

The dissected samples (femur-MCL-tibia com-
plex) were mounted on a specialized closed loop, ser-
vo-hydraulic material testing system (MTS Systems
Co, Minneapolis, MN) at a joint angle of 70° flexion.
The femur-MCL-tibia complex was first cycled
between 2.5 N and — 5 N at 1 mm/min to determine
“ligament zero.” This was identified as the cross
head position where the ligament began to take up
0.1 N load. Then, the ligament length and tissue
cross sectional area was measured. The specimens
were then enclosed in a humidity chamber (relative
humidity 99 %) at 37 C to provide a constant envi-
ronment during testing. The creep protocol involved
30 cycles of cyclical loading at 1 Hz. to a constant
stress level of 2.2 MPa (cyclic creep), followed by a
20 min static creep at 2.2 MPa. This stress level is
approximately 2.5 % of the failure stress of a normal
rabbit MCL, and represents the estimated normal
tensile loads carried by the rabbit MCL in vivo. The
stress level for each ligament scar was calculated
based on the cross-sectional area. Tensile strain was
defined as the measured deformation of the ligament
divided by the“ligament zero” length (Fig. 1). Total
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creep strain (resulting from both the cyclic and static
creep tests) was defined as the strain at the end of
the static creep test minus the strain at the peak of
the first cycle of cyclic creep test. After creep test-
ing, the ligament was allowed to recover at 0 load for
20 min. The residual strain after this period was
defined as irrecoverable creep. All the mechanical
testing was performed in a blinded-fashion and out-
comes were analyzed statistically by ANOVA (single
factor) followed by the Bonferroni correction for mul-
tiple comparisons with a significance at p < 0.05.

Results

1. RT-PCR analysis

Treatment of MCL scar tissue with decorin anti-
sense ODNSs led to significant suppression of decorin
mRNA levels compared with those in the sense ODN
-treated samples and the injection-controls. There
was no significant difference between the decorin
mRNA levels in the sense ODN-treated samples and
the injection-controls (Fig. 2).

2. Transmission electron microscopic (TEM)
analysis

Normal MCL contained a bimodal distribution of
both large and small diameter collagen fibrils (Fig.
3a), while injection control scars contained uniformly
small size collagen fibrils (Fig. 3b). Similarly, colla-
gen fibrils in sense control scars also contained only
small fibrils (Fig. 3c). However, some larger diame-
ter collagen fibrils were seen in the antisense treated
scars (Fig. 3d). Collagen fibril diameter analysis
demonstrated that the average collagen fibril size in
the antisense treated scars, sense control scars, injec-
tion-control scars, and normal MCL was, 104.7 +
51.1 nm (n =20246), 74.8 £ 11.0 nm (n = 4465),
78.2+11.9 nm (n =4054) and 189.1 = 104.0 nm
(n = 2156), respectively. Approximately 38 % of the
normal MCL tissue contained collagen fibrils with
diameters > 125 nm, while 14 % of the collagen fib-
rils in the antisense treated scars had diameters >
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ICYCLIC CREEP STATIC CREEP RECOVERY
(30 cycles, 1Hz) (20 min) (20 min at 0 load)

A

Deformation

0 Time

alL: total creep strain
b/L: irrecoverable creep strain
L : original (“ligament zero”) length of the MCL

Fig. 1 Schematic diagram defining creep strains.
Tensile strain was defined as the measured deformation of the
ligament divided by the “ligament zero” length. Ligament zero
length was identified as the length where the ligament began to
take up 0.1 N load. Total creep strain (resulting from both the
cyclic and static creep tests) was defined as the strain at the
end of the static creep test minus the strain at the peak of the
first cycle of cyclic creep test (a/L). The residual strain after the
20 min of recovery period was defined as irrecoverable creep

(b/L).
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Fig. 2 Effect of decorin antisense therapy on the mRNA levels of
decorin in the antisense-, in sense-treated and in the injection
control 6 wk MCL scars (n=#6 from each group).
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a : Normal MCL

¢ : Sense-treated

b : Injection control
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Fig. 3 Effect of antisense therapy in collagen profiles.
Transmission electron micrographs of normal MCL, 6 wk injection-control MCL scar, the
sense-treated MCL scar, and of the antisense-treated MCL scar. (X 30,000)

125nm. In contrast, the sense control and injection
control scars contained profiles which were nearly
identical to each other, ranging from 25-125 nm.

3. Creep analysis

To evaluate the functional effects of these morpho-
logical changes, creep behaviors were assessed since
the irrecoverable elongation (creep) of a ligament
scar defines its functional length in a joint (excessive
scar elongation renders a joint too loose). The anti-
sense treated scars were significantly less suscepti-
ble to elongation (creep) during creep testing than
both sense control and injection control scars (by 18
—-22 %) and they showed 33—48 % less irrecoverable
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elongation (creep) after the same relaxation period
than either the sense control or the injection-control
scars. The average cross sectional area of antisense
treated, sense control and injection control scars was
7.64 +0.90 mm?, 9.40 + 1.69 mm?, and 7.98 +
1.72 mm?, respectively. There was no significant sta-
tistical difference among these groups (Table 1).

Discussion

Here we show a novel therapeutic strategy to
improve early ligament healing by a gene therapy
approach. This study, as far as we know, is the first
success in manipulating collagen fibrillogenesis in



Table 1
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Summary of creep testing (average = SD)

Treatment group

Scar cross sectional area

7.64 £

(mm?)
Total creep strain (%) 2,57
Irrecoverable creep strain ~ 1.60 £

(%)

Antisense-treated

0.90

0:35 42

0:32%:4

Sense-treated Injection control

940 *+ 1.69 798 + 1.72
3.8 £ 042' 329 £ (0.742
240 £ 0.833 305 * 1444

1'p=0.014, 2p=0.045

vivo during soft connective tissue repair, as well as
the first report that such a treatment can improve the
functional properties of scar.

Specifically, a single dose of decorin antisense
treatment resulted in the suppression of decorin
expression and larger diameter collagen fibrils devel-
oped in ligament scars within 4 wks of the treatment.

Although the antisense therapy led to the develop-
ment of large diameter collagen fibrils, there was spa-
tial difference in the enlargement of collagen fibril
sizes. This could be explained by variable down-reg-
ulation of decorin between cells within the scar. In
our current technique, initial transfection efficiency
of ODNSs is at most 60 % ', therefore, such variable
results in collagen fibril enlargement could be possi-
bly due to non-uniform transfection of ODNs i% vivo.

To test for a functional effect of these morphologi-
cal changes, we performed creep analyses. In vivo,
ligaments are likely repetitively loaded to a constant
low stress during ambulation?®’, and therefore,
repeated loads could possibly create conditions favor-
able for elongation (creep) in ligament scars. The
results of creep tests showed significantly less creep
and significantly better creep recovery by the anti-
sense treated scars compared to both the sense con-
trols and the injection controls. Therefore, this thera-
py could potentially help protect early ligament scars
from “stretching out” under low stress. While the
mechanisms responsible for the observed improved

,3p=0.035, 4 p=0.030

creep behaviors resulting from the antisense treat-
ment are not yet clear, it could reflect the ultrastruc-
tural changes in the collagen fibrils.

Before attributing all of the changes observed to
decorin suppression alone, it must be pointed out
that the ratio of decorin to other matrix molecules
might be a critical factor in vivo. In fact, although the
ODNSs were designed to be specific for decorin based
on available evidence, it is possible that secondary
regulation of other molecules could be involved in
vivo. Further characterization will be required to
reveal the precise mechanisms of this gene therapy.

Finally, it must be reinforced that this technique
has not yet been fully optimized for this application.
In part due to the likely limited transfection efficiency
of a single injection in vivo, the enlargement of colla-
gen fibril sizes was variable, and the recovery in bio-
mechanical properties was only partial. With further
optimization of the dosage, timing and delivery tech-
niques, this antisense therapy appears to have great
potential to significantly enhance the quality of soft
tissue healing in vivo.

Acknowledgment : This work was supported by
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Influence of Mechanical Stress on Graft Healing in

a Bone Tunnel : A Preliminary Experimental Study
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@ Abstract

Purpose : To examine the relationship between mechanical stress and tendon-bone healing.

Materials and Methods : Thirty-one female Japanese white rabbits underwent transplantation
of the extensor digitorum longus into a tibial bone tunnel created perpendicularly to the long
axis of the bone. Animals were sacrificed at 4, 6, 8, and at 12 weeks. Sections were obtained
from the coronal plane through the bone tunnel, and were histologically evaluated.

Results : Abundant collagen-fiber continuity consisting of Sharpey’s fibers was observed on
the upper side of the bone tunnel. The lower side of the tunnel showed a layer of newly formed
woven bone.

Discussion : Stress distribution in the bone tunnel was thought to be compressive on the low-
er side and tensile on the upper side after formation of interface tissue between the graft and the
bone. A comparison of the histology and stress distribution suggested that tensile stress
enhanced the healing process at the tendon-bone junction.
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Introduction

Various soft tissue reconstruction surgery proce-
dures rely on a firm attachment of grafted tendon to
bone. Outcomes from these procedures depend not
only on the initial mechanical fixation of the graft but
also on biological fixation for long-term success.
Recently, the hamstring tendon autograft has
become a widely adopted anterior cruciate ligament
(ACL) reconstruction procedure because of its supe-

3)

rior strength and low harvest morbidity! ~%'. Some

studies have provided evidence for tendon-to-bone
healing in a bone tunnel, in human, and in animals* 7.
However, the factors affecting the re-insertion of ten-
don to bone are not yet thoroughly understood.

Various procedures, such as local administration of
recombinant human BMP-2, and of the fibrin sealant
system, have been tested in order to promote tendon
-bone healing, but these are still in the developmen-
tal stages® 9.

The mechanical load has a significant effect on the

Fig. 1 Schematic illustration of the grafting procedure.
A bone tunnel (2.5 mm in diameter) was created
perpendicularly to the long axis of the tibia and
the EDL tendon, which was then released from its
origin, passed through the bone tunnel and
sutured to a medially inserted screw. The diame-
ter of the bone tunnel was almost the same or a
little smaller than that of the tendon, thus they
intimately contacted with each other.
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biochemical and biomechanical characteristics of soft
and hard tissues ' 'Y, Many studies have been pub-
lished about the effects of load on both tendon sub-
stance and cartilage, but few have concerned them-
selves with bone-tendon junctions and these few
have not found consistent results.

In clinical situations, close contact and rigid immo-
bilization of a graft has been found to facilitate biolog-
ical fixation and improve healing strength'*’, while
in contrast in experimental situations biomechanical
studies have demonstrated a rapid reduction in bone-
ligament-bone strength after immobilization. Woo et
al demonstrated that weakening in the ligament
occurred after immobilization, especially in indirect
insertions, due to bone reabsorption and destruction

13 The purpose of the pre-

of the periosteal fibers
sent study was to identify the specific stimulus for
tendon-to-bone healing in the bone tunnel by assess-
ing morphological changes according to location and

time.
Materials and Methods

After approval was obtained from Kanazawa
University, 31 skeletally mature female Japanese
white rabbits, each weighing 2.5 to 3.0 kilograms,
were premedicated with 2.5 ml ketamine hydrochlo-
ride (Ketalar®, Sankyo, Tokyo) intramuscularly fol-
lowed by intravenous injection of 50 to 75 mg (3.0 ml)
pentobarbital sodium (Nembutal®, Dainippon
Pharmaceutical, Osaka) for anesthesia. The right
hind extremity was shaved and disinfected with
iodine. Under sterile conditions, a 30-mm longitudi-
nal incision was made from the anterior aspect of the
right knee. The extensor digitorum longus (EDL)
was identified and released from its femoral origin. A
drill-hole 2.5 mm in diameter was made using a hand
drill perpendicularly to the long axis of the tibia. The
EDL tendon was passed through the tunnel and
sutured to a screw post inserted medially with 4-0
nylon sutures while the extremity was supported in
dorsiflexion (Fig. 1). The diameter of the bone tun-



BURREEVOL21 NO4 325

Fig. 2 Photomicrograph of the tendon-bone junction at 6 weeks (HE stain, original magnification x 200).
(a) Upper side in the bone tunnel, (b) lower side in the bone tunnel. The longitudinal section shows differ-
ences between the upper side and the lower side. At the upper side, distinct collagen-fiber continuity is seen.
In contrast, a woven bone layer is seen at the lower side, regarded as the interface without fiber continuity. BM
: bone marrow, IF : interface, T : tendon, WB : woven bone, arrow : Sharpey’s fiber.

Fig. 3 Photomicrograph of the tendon-bone junction at 12 weeks (HE stain, original magnification x 200).
(a) Upper side in the bone tunnel, (b) lower side in the bone tunnel. The anchoring fibers inside the tunnel
appear to be attenuated, and there is little collagen-fiber continuity at the upper side, and the interface tissue inside
the tunnel disappears at the lower side, regarded as no interface. BM : bone marrow, IF : interface, T : tendon,
arrow : Sharpey'’s fiber.

nel was almost the same or a little smaller than that
of the tendon, thus they intimately contacted with
each other. After surgery, the animals were returned
to their cages and free to move about in their cages
without any restriction or immobilization of their
extremities. All animals were ambulant without any
sign of guarding or immobility when they were sacri-

ficed. Rabbits were sacrificed at 4 weeks (=7), 6
weeks (=9), 8 weeks (=8), and at 12 weeks (=7)
after the surgery. The EDL tendon and proximal tib-
ia complexes were harvested and decalcified, after
which sections obtained from the coronal plane
through the bone tunnel were stained with H & E
stain. The upper and lower sides of the tendon-bone
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Table 1 Histological classification
At 4w (n = 7) At 6w (n = 9) At 8w (n = 8) At 12w (n = 7)
E [ E I E I E [
Upper side
Distinct collagen—fiber continuity 1/7 4/7 3/9 5/9 6/8 4/8 3/7 2/1
Little collagen—fiber continuity 4/7 2/7 1/9 2/9 2/8 2/8 0/7 3/7
Interface without fiber—continuity 2/1 1/7 5/9 1/9 0/8 1/8 277 0/7
No interface 0/7 0/7 0/9 1/9 0/8 1/8 2/17 2/1
Lower side
Distinct collagen—fiber continuity 0/7 0/7 1/9 1/9 0/8 0/8 2/1 0/7
Little collagen—fiber continuity 0/7 1/7 0/9 0/9 0/8 0/8 1/7 0/7
Interface without fiber—continuity 1/7 5/7 8/9 4/9 8/8 2/8 4/7 0/7
No interface 0/7 1/7 0/9 3/9 0/8 6/8 0/7 1/1

E: The entrance of the bone tunnel

I: Inside the bone tunnel

interface within the bone tunnel were each histologi-
cally evaluated with light and polarized microscopy.
Fibrous interface tissue at the tendon-bone junction
was graded morphologically in terms of collagen-
fiber continuity as showing; distinct collagen-fiber
continuity (Fig. 2a), interface only without collagen-
fiber continuity (Fig. 2b), little collagen-fiber conti-
nuity (Fig. 3a), no interface (Fig. 3b).

Results

Three tendons had pulled out from the bone
tunnel (one each at 6, 8, and at 12 weeks). Gross
examination of the graft-tibia complex showed that
the grafted tendon was firmly anchored to the bone
in other specimens.

1. Upper side of the bone tunnel (Table 1)

At 4 weeks, longitudinal sections showed tendon-
bone interface tissue and occasional collagen-fiber
continuity between the tendon and the bone (Fig.
4a).
be more extensive at the entrance than inside the

The fibrovascular interface tissue appeared to

tunnel. At 6 weeks, longitudinal sections revealed
distinct collagen-fiber continuity, and the interface
tissue appeared to have matured (Fig. 2a). At 8
weeks, the interface tissue had changed very little,
but in some specimens the collagen fibers had
increased and in others the interface itself seemed to
be less organized (Fig. 5a). At 12 weeks, both
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anchoring fibers and the interface appeared robust at
the entrance. Inside the tunnel, however, anchoring
fibers looked attenuated, and the interface tissue had
disappeared in some specimens (Fig. 3a).

2. Lower side of the bone tunnel (Table 1)

At 4 weeks, longitudinal sections showed chon-
droid cells on a newly-formed woven bone layer,
which was thicker at the entrance than inside the
tunnel. Occasional collagen-fiber continuity was
observed inside the tunnel in one of the seven speci-
mens (Fig. 4b). At 6 weeks, longitudinal sections
disclosed a woven bone layer without collagen-fiber
continuity (Fig. 2b). At 8 weeks, the interface tissue
had changed very little (Fig. 5b). At 12 weeks, the
woven bone layer was still present and anchoring
fibers were observed at the entrance in three speci-
mens. However, no interface tissue was seen inside
the tunnel where the grafted tendon and bone were
close together (Fig. 3b).

Discussion

The bone-tendon junction consists of tendon,
fibrocartilage, calcified fibrocartilage and bone '*.
Since the tendon-bone junction can be regarded as a
transitional form from tendon to bone featuring the
interposition of cartilage, it remains to be determined
what the specific stimuli for the formation of the ten-

don-to-bone junction are. Our study showed that
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Fig. 4 Photomicrograph of the tendon-bone junction at 4 weeks (HE stain, original magnification x 200).
(a) Upper side in the bone tunnel, (b) lower side in the bone tunnel. Note the occasional collagen-fiber continuity
at the upper side and no continuity at the lower side. BM : bone marrow, IF : interface tissue, T : tendon.

Fig. 5 Photomicrograph of the tendon-bone junction at 8 weeks (HE stain, polarized light, original magnification x 200).
(a) Upper side in the bone tunnel, (b) lower side in the bone tunnel. On the upper side abundant collagen-fiber
continuity is seen. In contrast, lamellar bone layer is seen on the lower side. B : Bone, BM : bone marrow, IF :
interface, T : tendon, arrow : Sharpey’s fiber.

there were distinct differences in the healing process
in terms of location and time, while a comparison of
histology and stress distribution suggested that ten-
sile stress enhanced the healing process of the ten-
don-bone junction.

Many studies have been published about the effect
of load on both tendon substance and cartilage, but
few have concerned themselves with the bone-ten-
don junction and these few have shown inconsistent

findings. It is well accepted that close contact and
rigid immobilization facilitated biological fixation '?’.
However, biomechanical studies in animals have
demonstrated a rapid reduction in the bone-tendon-
bone strength after immobilization > ¢, Woo et al
demonstrated that immobilization reduced the
strength and energy-absorbing capacity of the bone-
ligament-bone complex *'.

The mechanical load has a significant effect on the
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biochemical and biomechanical characteristics of ten-
don and cartilage, and different modes of adaptation
to the type of applied load can be observed. Slack et
al reported the effect of tensional load on embryonic
chick tendons in vitro: application of an intermittent
tensile load resulted in increases in protein and in
DNA synthesis!”’. Evanko et al reported that large
proteoglycan core protein synthesis was enhanced by
compression and speculated that compressive force
might be a factor affecting the development of fibro-
cartilaginous tissue in tendon'®. Giori et al found a
process of fibrocartilage metaplasia in tendon where
the tendon was in contact with bone!*’. Further-
more, the mechanical conditions of cells can directly
influence gene expression, mitosis, and biosynthe-
gist¥,

Concerning tendon healing in the bone tunnel,
Rodeo et al reported the results of a histological and
120, They report-
ed interface tissue between the tendon and bone.

biomechanical study in a dog mode

They also showed that Sharpey fibers were seen as
early as 8 weeks postoperatively. In their experi-
ment, a drill hole was made in the proximal tibia at a
45-degree angle to the long axis of the bone, and it
was found that there was a thicker woven bone layer
and greater collagen-fiber continuity at the entrance
than on the upper surface of the tunnel. They specu-
lated that this result might have been due to the
greater bone-tendon contact stress that might be
expected at the entrance.

In our study, however, we made a drill hole per-
pendicular to the bone axis and obtained different
results. The key difference was in stress distribution
and the histological difference seemed to depend on
the type of stress. Inside the tunnel, dominant is
shear stress, however, near the entrance vertical
component of the force (compressive or tensile) is
exerted on the interface tissue of both sides. As the
angle of the bone tunnel increases, the proportion of
shear force decreases and that of vertical force (ten-
sile/compressive force) increases. Our investigation
is restricted to near the entrance and this means that
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it is where tensile stress is exerted on the upper side
and compressive stress on the lower side in our mod-
el. Moreover, stress distribution in the bone tunnel
is understood to change over time. The lower side of
the bone tunnel came under stress from the com-
pressive force immediately after the operation, while
there was no load on the upper side until fibrous
interface tissue between the graft and the bone had
been formed. After formation of interface tissue, the
pull of the EDL transmitted a tensile load to the
upper wall via the interface tissue.

Throughout the follow-up period, histological dif-
ferences between the upper and lower side of the
bone tunnel in the bone-tendon junction were appar-
ent. At the upper side, collagen-fiber continuity was
shown at 4, 6 and 8 weeks (Fig. 2a, 4a, 5a), but the
anchoring fibers appeared to have become attenuat-
ed at 12 weeks inside the tunnel (Fig. 3a). In the
early regeneration stages (at 4 weeks and at 6
weeks), pull of the EDL widened the gap between
the graft and the bone at the entrance, where more
extensive interface was being formed and formation
of anchoring fibers was delayed. As the re-insertion
matured, the interface inside the tunnel came under
less stress inside the tunnel, thus leading to attenua-
tion of once-formed anchoring fibers by stress
shielding. In contrast, chondroid cells and bone for-
mation were seen at the lower side where stressed
with compressive force (Fig. 2b, 5b). A thick layer
of woven bone was seen both at the entrance and
inside the tunnel, but it was thicker at the entrance.
This difference appeared to depend on the distribu-
tion of the compressive load, which was greater at
the entrance. After 12 weeks, the interface tissue
inside the tunnel had disappeared (Fig. 3b),
although the woven bone layer was more organized
and lamellar bone was observed at the entrance
where continuing bone formation made bone bulge
outwardly.

These results suggested that tensile stress
enhanced the healing process of tendon-bone junc-
tions, and compressive stress promoted chondroid



formation. These results also showed that the bone-

tendon junction inside the tunnel disappeared in the

late regeneration period. However, the process of

conversion of mechanical stress into cellular

response needs further clarification.
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Mechanism of Fingernail Injury in Baseball
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@ Abstract

To determine the mechanism of fingernail injury, the fingernail strain during pitching was
investigated. A sample of 9 healthy male baseball pitchers and one catcher was analyzed. The
subjects threw five fastball pitches and the strain on the index and middle fingernails were mea-
sured. All players showed a peak compressive strain at ball release. The mean value of the peak
strain along the longitudinal axis (1321.3 + 501.1 pe) was significantly higher than that along
the transverse axis (824.1 +56.2 ue). The high compressive strain in the longitudinal axis at
ball release that produced the dorsal bending, induced a transverse tear. The most common
type of fingernail injury in baseball pitching is a transverse tear at the radial side of the middle
fingernail, since the middle finger is usually longer than the index finger, and is exposed to high-
er stress at ball release.
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Introduction

Fingernail injury in baseball pitching can impair
the sensitivity of the finger palp, and adversely affect
the pitching performance. There have been no
reports on the mechanism of fingernail injury in base-
ball pitching, to our knowledge, and the purpose of
this study was to measure strain on the index and
middle fingernails during pitching.

Materials and Methods

Ten healthy male baseball players were examined;
including 4 professional baseball pitchers and six
skilled amateur baseball players (five pitchers and
one catcher). The mean age of the players was 25.7
years (20—34 years). Two of the 6 amateur baseball
players (one pitcher and one catcher) and 3 of the 4
professional baseball pitchers each had a history of
middle fingernail injury during pitching. The all
fingernail injuries were at the radial tip of the middle
fingernail (Fig. 1).

A strain gauge (2 X 2 mm, NEC Sankyo Co.,
Tokyo) was placed on the center of the dorsal aspect
of each of the index and middle fingernails along the
longitudinal axis of the nail using cyanoacrylate
(Fig. 2). After the measurement in the longitudinal

Fig. 1 Fingernail injury at the radial side
of the tip of the middle fingernail.
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axis, the strain gauge was placed along the trans-
verse axis, in amateur players. In professional base-
ball players, the strain along only the longitudinal
axis was measured, because almost all nail injury in
baseball pitching has been in the transverse direction
at the tip of the nail, probably due to the dorsal bend-
ing of the fingernail. It was considered that the com-
pressive strain represented the dorsal bending of the
nail, and the tensile strain represented the volar
bending of the nail. A pilot study of static load on the
finger palp represented tensile strain in both the lon-
gitudinal and transverse axes.

After informed consent was obtained, each player
was tested in an indoor laboratory. After stretching
and warming up, the subject threw five fastball pitch-
es towards a target. The strain of the fingernail was
measured continuous during the entire pitch via a
software interface with data sampling every 100
msec. The ball velocity was not measured. The
mean strain in the fingernails during the five pitches
was evaluated in the longitudinal and transverse axes
of the amateur players, and in only the longitudinal
axis of the professional players.

Statistical analysis was undertaken using the Mann
-Whitney U test comparing continuous variables, and
the significance level was determined at less than
0.05.

Fig. 2 Placement of the strain gauges
on the fingernail.
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Fig. 3 Fingernail strain in the index and the middle fingernails during pitching of the amateur players.
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Fig. 4 The mean peak value of the index and the middle fingernails along longitudi-
nal and transverse axes during pitching of the amateur players (N=6).

Results

The fingernail strains during pitching of the ama-
teur players were shown in the Fig. 3. Each of the
players showed a peak compressive strain at ball
release in both the longitudinal axis and transverse
axis of the index and middle fingernail (in only the
longitudinal axis tested in the professional players) .

1. Amateur players

Five of six amateur players showed the higher
peak strain in the middle finger than the index finger
(including 2 players with a history of middle finger
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nail injury), and one showed the higher peak strain
in the index finger. The mean value of peak strain
along the longitudinal axis was 1221.4 + 498.1 pe in
the index finger and 1421.2 + 529.4 pe in the middle
finger, and along the transverse axis was 647.8 +
450.7 pe in the index finger and 1035.7 + 662.7 ue in
the middle finger. The mean value of peak strain of
the middle finger along the longitudinal axis and
transverse axis (1246.0 + 596.9 ue) was higher than
that of the index finger (934.6 + 543.0 ue). But this
difference was not significant (Fig. 4). Overall, the
mean value of peak strain of the index and middle fin-
ger along the longitudinal axis (1321.3 = 501.1 pe)
was significantly higher than that along the trans-



p<0.05
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Fig. 5 The mean peak value of the index and the mid-
dle fingernails along longitudinal and transverse
axes during pitching of the amateur players.

verse axis (824.1 +56.2 ue) (Mann-Whitney U test)
(Fig.5).

2. Professional players

The strain along only the longitudinal axis was
measured in the professional baseball pitchers,
because almost all fingernail injuries have been only
in the transverse direction at the tip of the fingernail.
Three of four professional players showed the higher
peak strain in the middle finger than the index finger
(including 3 players with a history of middle finger
nail injury). There was no significant difference in
the mean value of the peak strain along the longitudi-
nal axis of either the index fingernail or middle
fingernail between the professional players
(1687.2 £ 990.9 ue) and the amateur players
(1321.3 £ 501.1 pue) (Fig.6) .

3. History of fingernail injury

Five players had a history of middle fingernail
injury. The ratio of the mean value of the peak strain
along the longitudinal axis of the middle fingernail to
that of the index fingernail of the patients with a his-
tory of middle fingernail injury was 137 %, and that of
the patients without a fingernail injury was 97 %.
However, the two patients who had sustained middle
fingernail injury more than 10 times showed a higher
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Fig. 6 The mean peak value of the index and the mid-
dle fingernails along longitudinal axis during
pitching of the amateur and professional players.

ratio of peak strain along the longitudinal axis of the
middle fingernail compared to that in the index
fingernail (195 % and 170 % ).

Discussion

The mechanical properties of fingernail have been
investigated, using removed nail, in a three-point
bend device . However, there have been no reports
on the strain in the fingernail during throwing perfor-
mance. Fingernail injury is considered as a minor
injury, and there is no effective treatment until nail
growth. However, especially in baseball pitching, it
can impair the sensitivity of the finger palp, and
adversely affect pitching performance. Although pre-
vious studies have facilitated a better understanding
of shoulder, elbow, and wrist kinematics during the
pitching cycle? ~ %, there have been no reports on
the incidence, mechanism, and treatment of finger-
nail injury in baseball pitchers.

The high compressive strains on the fingernail
along the longitudinal axis at ball release, which pro-
duce dorsal bending, may induce a transverse tear in
the fingernail. The most common type of fingernail
injury in baseball pitching is a transverse tear at the
radial side of the middle fingernail (Fig. 1), since the
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middle finger is usually longer than the index finger,
and is exposed to higher stress at ball release.
However, it is still unknown that this fingernail injury
was induced by the repetitive dorsal bending or by
the bending force exceeded maximum strength of
the fingernail during a throwing.

The shape, length, curvature, thickness, and hard-
ness of the fingernail will influence the strain during
pitching. Forslind et al reported that the properties
of fingernail were independent of both the radius of
curvature and the direction of the curvature, but was
directly dependent on the water content of the speci-
men " . In the future, the influence of those factors
on nail injury should be investigated.
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