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5] (38.9%) T o7z, S RMBEBEINLH OFEREOH ML 144 ] (17.0%) 23H Y. 289

Bl (34.2%) 2372 L. 412 %] (48.8%) NARHATH 7=,

(N) 140
120
100
80
60
40
20
0

JE I

14 28 3H 4H 5H 6H 7TH 84 94 10H 114 12K
At

12 FEAH BIE B
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#1 S RVEREIFIBLA O 5|

ZDOWT

(*p<0.01)

PR HIE 232 (27.5%) *42 1 613 (72.5%)
Vi =1 */2 382 (45.4%) 4 301 (35.6%) i 161 (19.0%)
155 (18.4%) | H 128 (15.2%) | £k 290 (34.2%) | %& 272 (32.2%)
FEEA
#HE 283 (33.4%) *FRA 562 (66.6%)
HE it 1 PE W pE FLER L
H A= R 2%
53 (6.3%) 639 (75.6%) 10 (1.2%) 143 (16.9%)
IR AR R ER BRIE FLER L
HARE
86 (10.2%) 604 (71.5%) 3 (0.4%) 152 (17.9%)
Stk | BRI 487 (57.9%) W FUIBH 85 (10.1%) | "tdkZ2 L 269 (32.0%)
A=Y hA SANT 473 (56.0%) BT 43 (5.1%) SoE7e L 329 (38.9%)
F IR AV 144 (17.0%) ML 289 (34.2%) SoE7e L 412 (48.8%)

PH BRI R
10.5%

i
9.0%

13 ZWrBE R £

LAY
L N
0.7%
R LA
PR 07%

3.4%

14 1R 7%
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4.2.2 {BIRITIEDOR

J— A B a— VI L0 IRIEA B 2 - T-JEW) 799 5] 957 B (95.2%) . JFRE:

TREFREIE DS 32 B 34 BAHT (3.4%) . BLIMAVIRIEMT 7 41 7 BAEG (0.7%) . KERFH & V1523

6 Bl 6 A& (0.6%) ThH o7z, 1411 B (0.1%) (ZBLMAYTEEN & [RIFFC KBREE &

Wizito Tz (K 14), F7=. WFERORTIHEHELEZ D LV —A L Ea—47 1 50

BN (52.1%) . BRFE NAEFHEAE 32 B (88.83%) . BLAHEAE 7 BRI (7.3%) . KIREH &

D 6 BT (6.3%)., BlMpYHEE & KRG & VIR0FH 1 B (1.0%) Tholz,

U — R B a—4 L OMEERRITEY 54.4 H (7T~262 A) Thoil-, ZWRINC IS &3k

EWRIE. BHEEHRICE 40.4 H. A4 62.2 H., LA 46.5 H. BiF 73.2 H Ch o7,

4.2.3 BIEDIRRE

BERBBIZE SN TV DIERNE 119 61 (14.1%) . #4985 B A THak & HIkr S U7 3ERNE 541

il (64.0%) Tho1-, BCH I 157 5] (18.6%). FAAT - kw28 il (3.83%) Th o7~ (¥

15), F#&Z 2R ERIE 1 A 56 B, 1% 150 f1l, 2 7% 364 B, 3 ik 79 B, 4 % 42 i,

5% 25 B, 6 5% 45 B, T~12 5% 33 #il, 12 LA E 516, REH 4B TH Y, 2 mRFICRR

BIFCTRT & 7o TOTIERIA 329 B & 2RD 38.9%% 5T iz (X 16),
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4.3 B

— RIS R ER B FI X,  relaxin hormone D% A 52 1T 04 < BAEihAE & 72 » 03

WERIRIZE LS, o, FEATH 1 BRAREL ETEMBOMEICLYREESELN

52 L0 ERBEICZ W E Wb [8], UBE TR0 B ibid 1:12.6 TH Y | tMFDOH

5. Btk 1:6.6[39]. 1:8[40]. 1:6~8[41]ictb % & BIRDOEIE N L) o>T=, LEAHITONT

WL, A2 1018, FEERIAS 4.2:1 TH Y |, pEE DS O[4014 42 1:2, AAEFER 8:1 & ik

D AR, mROFE R eoTe, BIPEHIIR, FIZRERA2EZ Rz, WA, BFo

BTl Bkl 155, A/ 1:1.6. AR 20:1 THo7-, Zhb L0, UBRTHRELZTT

T RRATBRPERIR, FZERAEDIEREA L <. ZRA6IKIEB R, mfpn£< & %

NTW=bDEEZ LN,

FAERICHOWNTIEL, 9 AD 12 ANEL 1 AN 8 AT Tk \ZB 3 A {HA T

bole, BRIEDAETFREE (EWKIRCAH) (2 & 2% T B O REIRRSC 5 B)ES) O Hl RO

BEEESC, HatE 4~6 » A O @ERIRD oA V€ v D43 A I U BRI F 2 35 5% S

589170 £ B AAEF TN LW 40][42] & OFN—IXHITH S, bl OlE

PITHKPDALEFIICE HOEWE & —E L T\,

o, FEART L LT, RBEAOER L 2258800 [43], @RE, ERE, 7 E9I5

R ENBAREDY A 77 7 X ELTHIF BN TWH4], BEALIL5.1%TH o723, —

WITIT R D 3~6%I2H BN A [44][45] & Wb TE Y . DIVHOILORER TIEL W & 1Ty
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2o Tz, WMET 1.2%. BERIEIE 0.4%, #F EYIBAIX 10.1%TH Y . i, otk

TORAERIT 1%01#%[45]. 1%LAT[46]. 15%[44] THY . b b —FOEE L R%TH

o T2, BEEE & O S R BEEI AR T 942 1] 1049 B 2 %5 & L= [40] Tl B0 21%.

i EUIBE 26% 2 O TRV HLNIE D> T2, 17.0%I2 5 KM% EE BN F1 O SR IR % 589

=0, G0 22.7%[42]. 32%[40]. 33%[47] L izt 2 & bbb OIERTIToRR

YianWEIETH o7,

WEETIE, V— A B a—F L TBEINZEEIL 95.2% CTho7-, D9 LA, #

WLFICIX 88.1% CTdh v . HEMLF., A %5 E LTV AME 0L TlE, 81.9%[48]. 83.1%

[31]. 84.8%[49]. 95.4%[50] & th#k L T H a2 W TH 7=, Lo L., BLFERI DD

BIERIT 52.0%TH Y . MAD L Z 5 G E LT A/ IROEHE 85.9%[51] & g4 25 & U —

AU E =S L DBERITBGER TH 72, Zaux, BLFEGER] 93 451 96 AT, 25

5] 26 BAET (27.1%) 1ZMPETY — A > B a—F BB ZIT > - DNEIEREED 12 D Y TG

e oEFTHY | BREGIDLZ EENATW I ERBELTWD Ebh b,

J—A B a—r NOEEBIZOWTIE, ¥ 543 H (7~262 H) ThHH ., FED

WA, B 4 » A B2, B 4.9 » H (2~11 » A) [51]. 3.7 » A[53]. #HiLF 3

r AL 4 7 B4l Bl 2 EEVMEE Th o 72, UV — A v a— L iEE ok %

Fel L7130 Th H A3, 1988 4F Morino Hi%. EMEE (Wi 4 » A, i 3 »

H) LHEMEE (WHE 3 » A, B2 » A) & THEL 650 XHCRME L7223, Bl 5
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IRFETRRD IR o To EE LT 565, £72, RBIRIB6lIE 5 » A A & 5 » A LA L THlg

LAENRN T L& Lz, —H T, midfl67lx 1, 2. 3. 4. 5 » A THEL 4 » Ad&K

HLREIFCTHoT=N, TOMIZEN o=t LT, V— A B a—FLOEEITAE

R IT R 2 RIE S 20 &V ) FB8IAS Z Lk TOMFZEN D — KA & 72> T D, YET

DY —=A L B o= VORI OWTIE, {BRZ MG L1258, 3006 6 » A&z HL

12, ODFEDNIBEEITOIAZ I » A BWVWETHEE L WA, 3 AU REE L CHHE

DIERIZFE LR E W) B 2 DR 2 IR S 4, BUE TIIBERR®R 4 B2 %L

L. BASEHIRDSEAF T DIEBNCIE S BIZ 4 BEHEINIEE &2 > T b, ZHHDRERNICE

WL, HEHIRNESTH D Z LI KD REZRMBENE U2 b DI SR> 7278,

FHRER O EHRICETEREZITV. BB 580 60 2 EBN T LS 217 5

I EEER S BnBlE 217> T D,

4.4 IR

W TR AT o T2 SE RYERRBEEIL T 845 | 225Gk T Al & fid L7z, JEFIEIT

Fe RVERRBEEIL AR ISR 2 L Wb D Kb AEENICE T, BRAL, &

PE. BERIE, i EUBZR EQOERNOEIGIT —ROSIR L AHFETHY | EaildiahroT,

17.0% 2 RIEREBIEIILF O FEIE 27807, UV —A B a—F W LD, Bl O

BRI 88.1% ThH -7z, V—Ar Ea—F /VEEMICE L I3y 534 H LT v
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I TH 7=, B TOEERT 52.0% L ME L VIEWEIE THo 7208, HIBERNELE

FNTWEEEER S 2 b,
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96 SERVMEIXBIEINFIC T 2 X #ORERIZ(L (BFJE 2)

5.1 X% - Sk

5.1.1 X%

FLE R R TIRIR 21T - 72 845 B0 5 L2 4R DRI AN 12 L L TH ~ TiE

BIE LB TH -7, TD OB, 3561, A 42 BIFI, HE0 28 BIHIZ Iou  THRERFAY X BRI

ENFRETH ~ 7o, BEOWRRIL, B 561, %L 30 4, A/ 11 B, 200 17 i, w7

%

B, AR L 12~21 B Th 7=, B 42 B 5> B, 30 BIFH (23 #) 12V —

A a—T K0 EIE, 9 B (9 F) 1JRM TRETFEE. 3 BT (3 #) 3By

BT AATVVEEIE L7z, FIBROMIEFHN AT o 72 BF IV o 7o, £, @ISV T,

B4, V24 ], A1 17 F. A 11 . BRI RHERN T 12~21 B CTh o T,

5.1.2 J7iE

BUR X SR ERRBEET BRI B W T 1I~12 EOZTNENOAZEM & center-edge (CE)

A2 L72, FIZEMIE. 1925 4212 Hilgenreiner (2 &V 45 S, WAl Y #E &85 A

72 Hilgenreiner ft &, HEDOME & D74 Th 5[59], Hilgenreiner #Ri% Y #E A3 PHEH

THOLUBDFEMRICR D &L ZNEHEMERE T2 ENTETFHIRETH L2, 2T Y

B L TV 10 % £ T EHAI L 72, 12 7% TIXHEZEA O 0 I HIFE 208 5 H

&R & FIESMAU A @ D ERRO 729 T 5 Sharp M4 %2 5HHIL72[60], CE 1% 1939 4

32



Wiberg[61]iZ & #45 <41, Hilgenreiner #ROMEHR & KERE AT O & FZEIMARR % 18 5

EARD 72T AT D, Bt ARIEE 2L OE A ZMIE L7z, X #REHH o BBl 2 709

LI, BIEFICEWTHEA, CEALBHIZ1 » AU DT 2 BEHIAIT 72,

5.1.3 BHAREREDHH

e RN BRI F 0D B i DRI L — AR Severin 73%[62] (3R 2) BHWHNDH Z &

MU, Severin 1% 1941 £, 6 w05 35 % £ CTOIEFIXEIET 400 B D CE A3l 3R

I\ group I 705 VETOLEEEITV, BEREAUREMNL (BEAT. BMTHEEBEZR &) 13 groupll LA

FETCRERTH D &t Lo, A0 TlE iR 238\ T Severin 77 HIC D& group

I - I%B4EE, groupll - IV« VEREREE L, BAREE b HEAIT o7,

# 2 Severin 5%

6~13 % 14 Ll

1EH B BEF

Group I a) CE 4 19°)L E a) CE 4 25°LL F
R b) CE 4 15~19° b) CE f4 20~25°

HEH, B, AHEOPEELE
Group II a) Groupla t[RIUCAE
b) GroupIb &R UFAE

HRLI F 2 D 2R W B TR 42

GroupIll

CE f4 15°LLF CE £4 20°LL T

o

FEREA

GrouplV a) WEE:CEANIEE T 0°
b) = CE 1A

GroupV JE% F > b5 T R FITE R
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5.1.4 HEHFHTIE

F#%A. CEAORIRE, NREEE @I OFF#n D)% Tukey Honestly Significantly

Different T8 L7=, £7-. FAZMA. CE Alc oW TZEHFEERM MR (Receiver

operating characteristic: ROC curve) Z4#nZ L IZ/ERC L., REZBGMEE L, REBEE, FrR

X

B BPERY T ER & BN R ASVEIBATRE & 72 5 ARl 2 ReT L7z,

£z FHUOEBREMEICSWTIE, GHAI 1 B & 2 [\ HOEZFHHERZEL L, BEDY

CIEMERAA R L7z, M. RRFRZEIZ W TR, 1 1EH OFHIEC TR 21T - 7=,

IS O EHENTIX JMP version 7 (SAS Institute, USA) # W Tir- 7=, AE/KLEX

fER 5% (p<0.05) & L7=,

5.2 HER

5.2.1 H&ZERFOFEHMN

A& 820D Severin 0 HEIC K A RFMliIE group 1 a 17 B3, 1b 10 B, T a0 B, I

b 1 BAf, I 13 B, Va 1B, IVb 0 BAFIiCTH V. Bif 28 B, ~E 14 BHiCThH -

7"4
—o

5.2.2 FEMOBRENZL

B 17121205 10 5% £ TOHBEAORRFIZELZRT, 10 mRFO FAZEA O3 BT

15.6+3.3 i, RERE20.3+6.7 )&, @l 14.4+4.1 FEThH o7z, £72 12 D Sharp
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O TBAIRE 46.3+3.6 £, REFEH50.6+2.5 £, il 45.3+4.7 FETH O RERE & fff)

ICHEAZRDT (p<0.05), BAFBETR 2 1CUEE L, 7 s CARR Il & FRLEE & 72 B8,

ARBEOUEIIZ LroTe, 1205 5 s E TIRRAFHE & AR, REAE S RUFEICAEZR

EERDT,

5.2.3 CE i DORREFIZAL

X 18 12 1 75 12 i E TD CE ORI L2~ T, 12 k5D CE A O FEH)1T BT

FE22.7+H44 JE, RBERE10.316.1 JE, @ 23.3+7.5 ETHV , &0 RBRE. BIRE

EARRMFTAHEEZRBOT (p<0.05), RAHHE 11D 2ICKRE<WELL, TR

BED CE AIXBIFRE & e d 2 L EmN D7 < L FFIZ 6 mUARRIIIC K& 7 28 kn3 /< 8

IR AR B & BRI B 22RO T,

Tukey-Kramer @ HSD &
p<0.05 *REHF—FE
* AT —

AR —

e L 0T

- E
i)

4 5 6 7 8 9 10(%)

17  FEMRERA L
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35

o o e T T g
] i
T S { N & Lt
= - TR
5 Hlae= !/T/l i J T e AR
-5 / 1 Tukey-Kramer ® HSD &
p<0.05 *RHF—FE
-15 [ T * R A — R
AR R —
-25

1 2 3 4 5 6 7 8 9 10 11 1205%)

X 18 CE fafkierZe(l,

52.4 HZEM-CEMON Y MATE

F3ITAEKND 8ETCOHEMT vy MA T & ORREE, FrREE BRI REZR L

T2o MM RKE 251200, EEIXELS D0, BHERNFRIIE W EITW 2o T,

KA AT D 8RETHO CEAD v NATET L DT, KR BErhRA2 R L

7z. CE A0 6 iR D 77 > b A 7f#I% 10 EE T, JRE 62.5%., KA 82.4%., HtEryH

#£62.5%. Tk CbH v bA 7 10 BT, FE 80.0%. FFRE 77.8%. BatEH=% 66.6%

THY ., 6RLRITEE, FRE, BENTRAmRIBERTH T,

HEMAOFHARR AT 2.6 £2.5 B, CE ADOFHIRREIT Y 34134 ETh oz,
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®3 HHEA BFEROKED v b4 7E

By bAZE C) BE (%) FrdE (%) BtERYhER (%)

4 7% 33 10.0 96.3 50.0
5 ik 32 20.6 94.5 66.6
6 ik 28 50.0 72.3 37.5
7% 26 60.0 88.9 75.0
8 % 26 80.0 75.0 44.4

#*4 CEf HFMmMOBREN v bATH

JEEE (%) FREEE (%) BRI R (%)
4 7% 6 63.6 73.1 50.0
5 Ji% 8 60.0 82.4 50.0
6 ik 10 62.5 82.4 62.5
7 7% 10 80.0 77.8 66.6
8 ik 13 83.3 83.4 93.7
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5.3 &%

Se RNVEN BASIMLFT O Bl X BRORRIFRIZE(LIZOWN T, BARGI[6311E, RAFAIITTAE LT

43 Ikt L X BRIIE A 1TV, CE 1% Severin 773 BATHE & R BT 6 milR IO B A2 A

L. FFICEHRETIT 9~12 OB bR HE ThH o= LR _TW b, £7-. KA bl6e4lid,

PRIFIRIE 21T - 72 88 il 102 BAFI O A BREOFZEM & OF 13 5~7 F 2T Bt &

BB Z R LT LR TND,

BMEZOHABERO TR E LTiE, XBICEDEL T A—2RHEIN TS,

Ohmori[32] &% 3 mifF OE A2 2 E R . Albinanal33] S I3 fE T8 . BlAYEXIE®R 2 4F

OFZEMAN 35 FELLE, £72, Nakamura H[31J1% ) — A © o —4 L TIHE L7 ERN %)

LT 5 @O THZEAN 30 ELL L2 IEFHRoOmES & s LT\ d, %< OWE T,

F#HERARIIR LTI L b 5~6 5 £ TITIIMIEFIN 21T O LERH D & ShT

(AT

AMFIEOFRERTIX, AFAITEERE., REREE © 1 RHICEY 30 L ZEZR 700D,

RBEHFLEZALNZ LS TiBFICIE 25 BERLEE & 22 23 T LARRII R & B kiT A b

o T, BIAREIR 2 A L 71X 20 BELLT & 72> Tz,

CE fAIZoOWTiE, BAFFIL 1~2 MOUENRE <, 8 LR TRER & OFBEELE

Wiz, 10 RFICITRAFHEIE 20 UL L & 72 505, AREFT 6 mEEOUWHENZ L, 15 &

R ThoTo, £lo BAFRRL 2 A TN & OFEEEZRO RN T,
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FIZEAON y A TZHEIZOWTIL, FEHNKE L RDICOEREILE < 7508, Bk

HERII 2R E L 1TV 2 hr o7z, CE AIZOWTIE, 6 kAR CREEE, FrRE. BAMkryH

NG L 72 B TH o 72, AF2213 CE £ %2 FLHEIZ L 72 Severin 73 FAIZHE SN TN D 7280,

H#EA LD b CEADOEBERmWEEZ NI,

ULORERNS, RREFFTIE 6 MUBITAFREKENZ L, HCHBERARTHDLZ L

MWHEZ BN, Ko T, BB RRZIEFNI LTI, 6 mE TITIIE & VIT2IT 5 LEHR

HY ., TNLURNZTRARZHWTO2LERNH D LB DN, HERMDOTH%Z BRI

I o HiEe R~ & Z L Bbhr,

F7o. FHUREEIT A AT 2.62.5 ., CE f4 74 3.4+3.4 £ CToH>7-, Spatz[65]

X6 7 AD 2 ROHEMAOHRENRE 3.6 £, MEAMMRZE 3.0 EL#®E L, £/,

Broughton([66]i3 4 » 725 15 i L ORBIET X TORE N, B [RRZED 95% 15 1 X [H]

ITFENENFAHEMATE6.1LE, 55, CEfATEI3E, £9.1 ETHV ., HHEMIT 8

LR, CE 13 5 U LTRSSV R ~TW S, Lo L GHliOfRE & L TIEHFEA,

CEABRZMHEHESN TV LONRIRTHY . SRIOFRTHHZEMA, CE A OREITIMO

A L R L TRERVWEEZ DRI,

5.4 /P&

RNERBECBIT DHBPRFEFIZ 6 MUBETIIHECHBERR TH L Z LRSI,
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H 6% MRIICKDEMHZFEREREOTH (W 3)

6.1 X% - ik

6.1.1 %t%

1986 725 2008 RN T, 2 MIFICHZT A ST /2T, BRMEHN Az &b

JEFNE 119 Bl TH o7z, ZHHDREFD S B, 2 ERi#2IC MRI fgfg 217V, 6 LA EE T

P EIEE T X IAERIT 45 61 51 BRI T - 7o, BEOWERIZ, B 2 1, 22 43 1, ARl

11 i, 227 f1, w7 FICH Y mHAE O S B 1 BENTIRERE & VIR EAT o 7IER T

bY ., ARREZRET D BROTORI Uiz, FERBBERIT 11.7 % (6~22 %)

Tho72, MRI OFRGBFEEIT S 2.3 % (1.1~4.1%) Tholz,

F7o. VISEFZWNIL. 4561 51 BEEiO o . 26 BAET (26 #1) (I, 13 BAET (12 i)

FHEERLE. 12 B (T8 ITHEFBEEARTH o7, 28 FE (2241]) XV —ArEa—F

MM LY R, 19 BT (19 B1) (3B TAETFIEE. 4 BIEG (4 1) (ZBAVIRIEMT 21T

BE Uiz, HEOMIEFM 21T o 72 BE TN o7z,

6.1.2 MRI %1% Ji %

MRI #:#(% 1.5 F£721% 3.0 Tesla Phillips ft Achieva ZfiH L7z, BS54

spin-echo T1 #ifE % (TE16 ms/TR600 ms). T2 i&7HEi % (TE15 ms/TR1500 ms). A

A AR 4mm, AT A ZA[E 0.4 mm ThH o7z, BEIINENL THBIEH AL, PSMES
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iz, chloral hydrate (80 mg /{AH kg) Z#%H Sk L Ttk L7,

6.1.3 MRI &l 7

T1 £7203F T2 siitg., @RI W TRIREES R KRICHZD AT A4 A% W CEl %z

1To7-, WEMEFAZEAIL, WHlO Y UG %5572 Hilgenreiner #f &, Y F &g

BEOIMAlREREATERE DT AL Uiz, F72#EME CE i Hilgenreiner O IR & |

FEPOLD SWEMEHZEOIMUR 2/ A TZER L O3 L Le (X 19),

MRI FH OB 2 5l 572, BRI L7 10 SEGIOREVEF A, g7

CE % 1 » AL EMIR 2581 T 2 [RIEHAI L 7=,

19 #EPEHZEOFHI

Al EPEHZEMA B W E CE A
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6.1.4 HH X AREHA]

AR O HM X U THZEA L CEAZIIE L, KEL. Y RENMAETD &,

HEAZGHITE 2o, YEERHAET D ERMOFRO X THEAZHE LT,

6.1.5 BEHARNEREDIHE

B ASTHASEF D X HRIZ T Severin 0%t &2, group I - 11 & BAFRE, groupll - IVA R

BREE LTz,

6.1.6 MEtFHFTIE

B MEFAZEA . B CE A & b2 % Student t-test (2 TE#E L7-, F7-. #EME

H&EMA, KEE CE /A0 ROC fhift zEpk L, REHERORNR2ZBIEE LT, /R, R

B2 BRI S | RRRO BB TRICE TS0 v P A TEER Lz, 26 Of

FHENTIZ JMP version 7 (SAS Institute, USA) ZHWTIiTo7-, ABEKEIIMERZET 5%

(p<0.05) & L7-,

£, FHUOEEMEC OV TR, FHI 1 EIE & 2 [BIH OEZFHARGEE L, 20V

LR REAEAFEH L,
6.2 fER
6.2.1 i 5 O F M

&2 E2RF D Severin 23 %8I% group [ a 17 BI&ET. 1b 9 BI&EI. Ia 0 BY&EI. b 2 B,

= Py
Hi!gﬂéﬂ_\‘

Il 22 BA#i. IVa 1 BAfi. IVb O BAFiTH v, Bif 28 Biffi. R 23 BFiTH - 7=,
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6.2.2 WUEMEAZEA. WEYE CE A

W TEFI A OV, BIFRE15.244.1 5, RERE 176556 JETHY ., BHRELE AR

HECITAEEZROR o7, #EM CE A, B 16.2+4.1 F, REME 7571 F

TRIHFMMNARBICRE o7 (X 20, 21),

)30 ¢ )30
- 20 - 20
ﬁﬁ LS e
= #H
= =
E 10 10
L 4
0 0 =
BARE  RERE BAre  REBE
*p<0.05
X1 20 #CETEFZEA O X 21 #kEYE CE A D)

WEPERZEAON v A TEER T2 & 18 FETRUE 79.3%. FFEE 45%. BHtEryH

KX 65.7% T o7-. F7-4kEM CE D v A T7HIL 183 E T, J&E 72.4%., KR

63.6%. BMERIT R 72.4% ThH 72 (F5),
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#£5 WEMEAZFON Y A TE

g CE 4
By hATE ) 18 13
(%) 79.3 72.4
Frit e (%) 45.0 63.6
R (%) 65.7 72.4

22, 2313 MRI O#CEMEFZEMA & R % OB X iR EA, i)EM CE A4 &5t
CEfiz7my hLIEbDTHD, EMHZFRIZI TS THEMEHER A2 THLRER., &
HWVTHCEMEAHR IR0 THL b OO0, BHEHAFRIITRICK L TRIFIZHEE LIER 72
EBEENTVDA, 273K MRI TOEMEHZEIZ, BB L2, 6 mIFOEHEHELX
ML TWADHDEEZ BT,

Flo, B CEAON Yy NATiAE 18 EE Lzt &, ASEBHRASTIE 12 B8t 6
AR TS P 3 LR O FIEE SO R RREN B LN FEY 6 I & Loz,
FECETCIE 13 BASIH 11 BIf T —8e, BFITiX 26 BT 18 B —& L7z (3R 6),

FHARRZE O TECE M FZEM 2.913.5 B, BN CE 1 4948 ThH -7,
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Abstract

Arthrography is useful method to evaluate
obstruct factors and the congruity of the
femoral head for developmental dysplasia of
the hip. We usually use an air injection to
ascertain whether the needle is accurately
insert intraarticularly, because leakage of the
contrast medium may make it difficult to iden-
tify intraarticular structure in the hip joint. We
report the experience the case that suspected
air embolism by air injection in the arthro-
gram. An air injection for arthrography must
be avoided the case of infants. To confirm that
aneedle is correctly inserted intraarticularly, it
is preferable to inject saline. Alternatively, it
may be suitable to use sonography for confirm-
ing the position of the needle for arthrography.

Introduction

During the treatment of developmental dys-
plasia of the hip (DDH) by closed reduction
under general anesthesia, arthrography is
used to evaluate obstructions such as the
labrum, ligamentum teres, and pulvinar, and
the congruity of the femoral head. The utility
of arthrography has been previously report-
ed.!? However, an air embolism may occur as a
complication of arthrography. Air embolisms
are usually caused by various diagnostic and
therapeutic air injections, certain surgical pro-
cedures, obstetrical procedures, and accidental
entrance of air into intravenous catheters.4

We report the case of an 8-month-old patient
with DDH, in whom an air embolism was sus-
pected during arthrography.

Case Report

The patient was an 8-month-old female

[page 30]
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infant with left DDH. She had been diagnosed
with dislocation of the left hip at another hos-
pital at the age of 3 months, and she was treat-
ed with a Pavlik harness for 4 weeks. However,
her left hip was not reduced, and she was
admitted to our institution at the age of 8
months. The anteroposterior radiograph
showed that the left femoral head was com-
pletely dislocated and had shifted to the lateral
and proximal side (Figure 1). She did not have
the abnormality at the time of birth; in addi-
tion, no past illness, allergy, or family history of
DDH were noted. At our institution, she under-
went closed reduction under general anesthe-
sia. Her hip joint was reduced; however, it was
unstable, and the femoral head was easily dis-
located when we decreased the hip abduction
angle down to 60°.

Subsequently, arthrography was performed
to verify the reduction and to analyze the
obstructive factors and afferent nature of the
femoral head. First, the legs were maintained
in the frog-leg position, and then, a 23-gauge
Cathelin needle was inserted in the central
part of the femoral proximal epiphyseal line
using the anterior approach. After confirming
that blood was not aspirated, 1 mL of air was
injected to confirm that the Cathelin needle
was accurately sited in the joint; subsequently,
we injected 1 mL of the contrast medium.

Two minutes after air injection, the end-
tidal carbon dioxide (ETCO,) concentration
decreased suddenly from 37 mmHg to 19
mmHg, and the blood oxygen concentration
decreased from 99% to 97% (Figure 2). The
anesthesiologist noticed the change, and he
increased oxygenation from 33% oxygen to
100% under observation. The blood oxygen
concentration and ETCO, concentration gradu-
ally improved and returned to normal values
after 2 min and 12 min, respectively. Other
vital signs such as blood pressure and pulse
rate remained unchanged. An arthrogram
showed good reduction of the femoral head.
Plaster cast fixation was performed at an
abduction angle of approximately 70°. After the
operation, she was placed in a plaster cast,
abduction brace, and Pavlik harness, for 4
weeks each. At the latest examination per-
formed at the age of 4 years, the patient had
not experienced any recurrence of dislocation.

Discussion and Conclusions

When performing arthrography to evaluate
DDH, before injection of the contrast medium,
an air injection is occasionally used to ascertain
whether the needle is accurately inserted
intraarticularly. Leakage of the contrast medi-
um may make it difficult to identify intraarticu-
lar structures in the hip joint (Figure 3A and B).

Air embolism during arthrography is rare,

[Clinics and Practice 2013; 3:e12]
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but it is recognized as a life-threatening com-
plication that warrants attention. The patho-
physiology of air embolism involves obstruc-
tion of the pulmonary arterial outflow tract by
air bubbles.? Air may be forced into the vein by
positive pressure, or may be drawn in by nega-
tive pressure in the joint.* The initial sign of
air embolism is a sudden change in respirato-
ry parameters, and various cardiopulmonary
symptoms and signs are observed.’ In our case,
after air injection, a sudden decrease in ETCO,
concentration (from 37 mmHg to 19 mmHg),
and a slight decrease in blood oxygen concen-
tration (from 99 mmHg to 97 mmHg) occurred.
No changes in heart rate and blood pressure
were observed. The anesthesiologist consid-
ered the possibility of an air embolism because
these changes occurred soon after air injection
and recovered after O, administration. Simi-
larly, a few studies have reported that air
embolism was diagnosed by decrease in ETCO,
concentration and decrease in blood oxygen
during hip arthrography of children.® Keidan et
al.b reported a case of air embolism during
arthrography in an 18-month-old male infant
with DDH. Even in their case, a sudden
decrease in ETCO, concentration and slight
decrease in blood oxygen concentration were
observed. They reported that after normal ven-
tilation was achieved, the decrease in ETCO,
concentration was related closely to the pul-
monary blood flow. Furthermore, they reported
that when pulmonary blood flow is obstructed
by an embolus, smaller quantities of blood
enter the pulmonary capillaries, which is
reflected by a decrease in ETCO, concentra-
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tion. Although ETCO, concentration is a non-
specific monitoring method, it indicates an
increase in dead space. During the procedure,
ETCO, monitoring is critically important,
because it can indicate the occurrence of air
embolism.

Most cases of arthrography complicated by
air embolism have been reported in children.”
10 Ajr embolism led to the onset of transient
respiratory disorders in all these cases, except
in 1 case, in which a temporary cardiac arrest
occurred with approximately 2-3 mL of air.

In a canine study, it was concluded that the
severity of the air embolism is associated with
the quantity of air injected and speed at the
time of injection.’ However, in humans, partic-
ularly in infants, most cases of air embolism
involve injections of less than 5 mL of air.
Therefore, in infants, it is considered that air
embolism can occur with a small amount of air
that is rapidly injected.51

In this case, the blood oxygen concentration
and ETCO, concentration gradually improved
and returned to normal after 2 min and 12 min,
respectively. However, a patient with suspected
air embolism should be placed in the left later-
al head down position so that air in the right
ventricle moves away from the pulmonary arte-
rial outflow tract to the apex.? Other therapies
for air embolism are oxygen administration,
cardiopulmonary resuscitation as needed, and
aspiration of air from the heart if feasible.

Several techniques have been used to con-
firm accurate intraarticular needle insertion.
Yun et al.! reported the suction-bubble tech-
nique, in which the movement of air bubbles
can be visualized in the attached tubing. Straw
et al.*? reported a method based on adduction
signs. According to their method, saline is
injected into the hip with the patient in the
frog-leg position: if the needle is correctly
placed, then, when the joint is distended, the
knee will rise (adduct) from the operating
table. The alternative use of carbon dioxide
(CO,) and oxygen (0,), instead of air, has also
been suggested, because these gases are
absorbed faster by the blood and are therefore
considered safer than air.” However, there are
a few reports of embolism caused by CO," and
0,." Therefore, the safety of CO, and O, injec-
tions is not certain.

After our experience with this case, we
began to inject saline for confirmation of the
needle position before injection of the contrast
media. If the needle is positioned correctly in
the joint, the water flows freely in the joint.? As
an alternative method, ultrasonography has
recently been proposed for guiding aspiration
of the hip in children.’ Ultrasonography has
the added advantage of avoiding radiation
exposure. It appears as an accurate method to
determine whether a needle is correctly insert-
ed intraarticularly before injection of the con-
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trast media.

Arthrography is advantageous since it per-
mits a functional study and can confirm con-
gruity of the femoral head immediately after
reduction. We believe that arthrography is nec-
essary for the evaluation of closed reduction of
DDH. However, our case and other reports sug-
gest that in the case of infants, an air injection
for arthrography must be avoided. To confirm
that a needle is correctly inserted intraarticu-
larly, it is preferable to inject saline. Alterna-
tively, it may be suitable to use sonography for
confirming the position of the needle for
arthrography.

Figure 1. Anteroposterior hip radiograph of
an 8-month-old female patient with left
developmental dysplasia of the hip. The left
hip was not reduced by the Pavlik harness.

100

Sp0;

40

ETCO;

11:00

ETCO; : end-lidal carbon dioxide concentration
SpO; : blood oxygen concentration

Figure 2. Automated data recording shows that after air injection, the end-tidal carbon
dioxide concentration suddenly decreased from 37 mmHg to 19 mmHg, and blood oxy-
gen concentration decreased from 99% to 97%.

Figure 3. A) Air injection during arthrography. One mL of air is injected to confirm accu-
rate intraarticular needle placement. The arthrogram shows that the needle has been
inserted intraarticularly in the upper part of the femoral head. B) Arthrography with con-
trast media. Good reduction of the femoral head is seen, and pooling of the contrast
media is not seen between the acetabulum and femoral head.
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