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Knowledge of tendon microcirculation has mostly been based on angiographic
investigation in non-viable specimens. Preliminary angiographic study of FDP tendons
of Japanese monkeys with Indian ink and latex solution showed that there were
musculo-tendinous, vincular and osseo-tendinous systems of blood supply and two
“avascular areas” in between these three systems, as in human FDP tendon.

Dynamic change of microcirculation in FDP tendons of 10 Japanese monkeys was
investigated by means of electrolytically generated hydrogen clearance method, which
led to the following conclusions.

1. Comparison of blood flow at two “avascular areas” and at insertion areas of
long & short vinculum of FDP tendon (VLP & VBP) with pulleys incised
showed no significant difference. However, with A2 pulley being preserved,
distal ”avascular area” showed significantly less blood flow as compared to
VLP insertion area. Severance of VLP & VBP resulted in hypovascularity at
4 sites, but not in avascularity.

2. Opening of A2 & A4 pulleys resulted in significant increase in blood flow at
VLP & VBP insertion area, in the maximal finger extension when the two
areas came underneath A2 & A4 pulleys, respectively.

3. Blood flow at VLP insertion area that came underneath A2 pulley by finger
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extension decreased significantly by finger flexion with 80g load, regardless of
A2 pulley being preserved or severed.

Blood flow at the distal that came underneath A2 pulley by
finger flexion showed no significant change by flexion with 80g load, but

avascular area”

decreased by flexion with 200g load.

Above results led to the conclusion that the three systems of blood supply in
FDP tendon are connected one another so that there exists no real avascular
area. However change of finger position influences upon dynamic local

microblood flow in FDP tendon, probably by making VLP tense during finger

flexion and pulleys tight during forced flexion or extension.

Key words: FDP tendon, intratendinous blood flow, vincula, electrolytically generated

hydrogen clearance method.

EIE TR, RAMmT, BOOL, BRERAES V7 7 v RE.

I #

PEXK, 2A0O% - EREHEBEEL L UVRERER
BB S LT 2 IEEMERC B AR ORE T
I AREIHEEE ORE R LTIRBRVWEELLIERE
BEO - OXE#i: Bunnell XY “no man’s land”
EEAFT bR T, L L, IEEEREGREE
T 3 FRFROERERE ORI, KA -
TREFLAEESEBLRD LK), ZORBUL “skil-
led man's land” &HFINB LA -TER. B
2L RGBS OB SR OBEAR X L TIHEK
OBELERTAELLH DN, BEBOBEKEST
FEAOMITRES B R OEECRES LAHNCEE
BREREELZLRS.

koA MmITIRBOHZ L angiography K L5 b
ORETH -1, Thic kb EEEREGE (LUT FDP
B T musculotendinous origin @ proximal system,

il

vincular origin @ intermediate system KX U¥ osseo-
tendinous origin ¢ distal system @ 3 >® vascular
system X ¥ segmental supply # > TWT, ZTD3
-0 vascular system Oz 2 D “avascular
area” HFEBHHNAVDY . Z hizEOMEOMEL loop
ReBb>TWBLHTHH, Z0 area 3EE LTH
BWOMBIC L > TEEIR TV S LFREA TV,

¥ 7. FDP B® long vinculum (LAF VLP) #* 48
5 &2 OBEMERH avascular 70 £ i3 longi-
tudinal vessels & 0 MIEHAEZFF Tl L HMES
hTwi®. L»lL, ZhALOWFEKETS angiogr-

aphy O#¥tdE LT non-viable @ fetus, cadaver,
HOVIYREARTIThh TV A LD IO L5 Rk
AR AEAROTHEOMTBHESL TR ->T5
ATHEME MK & L.

—FARFE Y VT 5 v AEIAENTORO microcir-
culation #BET 5 LV FHiks LTESFBTECAL
LRTWE., 3T, ZERIBEAKEI VT 5 v ALK
FAWTH4O&GET kG5 FDP BHIMTT OB
Bt w BAY L OETE Y AV TERMICER L.
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A. PHER

1. B B

AERAITH AN T FHERSE LCHAY LD FDP
BROTIAOEREELULTWERE S haBET S
BT L BES L OWFELAGTRIGEXS
Hunter & & B UGECmESELT -8,

2. H &
REBIREBESBIRIC 21IGE 1= —VEBALT
ORI A A 1/3 TOET 5.~/ YIERR
AT g O RN LRI EBIR L 0 EAKR
AFEORMLEN BT 2 TRECEAT S, EAK
BEBEHEST 27 A2% 2 1OHTRALIEYR, &5H
ABHEEAKTTREERLLELOYHVES. EAD
BTG o BT A TR < R L CIE A OIRE 2B
¢ EBARIY 7 447 ) vicH T EMBERE L, RICH
B FDP BABHLTHhLEXE LIV DO L F LT
na—nT2 AEBAT 5. BHRCER%L tricresyl



38 FEEYSME $104% F18 E2E1A

A

intermediste aystem

Fig. 1 The main vascular supply of
digital flexor tendon visualized
by angiographic study of non-
viable digit of Japanese monkey.
The FDP tendon is supplied by 3
main vascular systems of different
origins, l.e., proximal or muscu-
lotendinous, intermediate through
VLP, and distal or osseotendinous
systems. Two “avascular areas”
between these systems are indicated
by arrows.

A: visualized by angiography.
B: schematic drawing.

phosphate & tri~-n—butyl phosphate DEAH (11
2) RFIKHRBR LTV THEBEL TH 5 transillu-
mination CTEERPT 5.

3. & B

BAY /L0 FDP BAMTIIAOEREEL LTV
T, 3> vascular system, 97/t proximal, inter-
mediate, ¥ L distal system X 9D7cH, FOMKC
“avascular area” ##®7z. Proximal @ “avascular
area’ & VLP A& HEANE L 0 FEAHT 5 mm, distal
@ “avascular area” X% DEfIEE L 0 EMZH 5 mm
PO 6mm Ah7mm ORSCE - THEELTWL
7o (Fig. 1).

B. X £ &

1. o ¥

BER L7 B V1080 (KE : ¥ 11ke) OHIE®
TN LBIEOS B VLP 28 HBOAEBRONS -
L. /NMERfhofEL B2 & &, VLP A LT
WAHIZENEVIIDRBROMBI Lith -1,

2. K &

FREMT SERR 1 o>\ Tid pentobarbital sodium #
WRREE T TfT - 7o, BRI CREEMEE L 1 MAC
halothane KT, pancromium bromide A TIE%
TR E L (Fig. 2).

BIEMIIS M EER (v Y ERITER 1 T 25um,
KB Tid 200pm) %AV, RBEIEMEITIH—HIgEm
BEE (B 10mm) 2#FHA L. 2BEEOBHIT
KFEZ V75 v ARMEMIMFET (Biomedical Science
HEB, =5/ RBF2) CTEBELETOIY T IV R
h—7 b7 — 2 EFTRE (BDA-1-2) * ATk
BrEH L.

525 1-A: VLP {JRT#% 0 FDP BPAIMIT OREEY
FioB%Es.

A2 »»%H A4 Pulley *THYID LT FDP B2 EH
#, VLP %L v# 5 mm 62 (proximal “avas-
cular area”) ¥ LU 5mm &z (distal “avascular area”)
IZHEWT FDP BOZEM L D 3 FRBCH 1mm
W CcBIER 2 A% 2 FTCHARE L, —HTHEER
ERTBESE FIC DAL, CO2 AT B L TE S
VLP Bk FDP RAMKRES 3@ 0oz LEE
L, wic VLP O Z % )l L TH305 % AT T
MFEEAR U< 3EL Oz LAE L. (TORE
LBWTH 3ET 2L bz LiT-1). MEREH
THIIEEREL, BiEE2¥ A TEELL. ki3
A#, 7 BRRGCHE 2 SO cmfigsRE L
. ZOBBORE GRS - 15, (LB L ER
DOHRIC Lich -1 (Fig. 3(A)).

MTEOMMENERTHE (B 1 7B LELY,
EEOLIL L 2B ERD. RCTHERER U HE
THMEEERTTV, BRERSIER LT VLP Ui
DREAMATEBE LT

SR 1-B:VLP % kU VBP {Bsitgo FDP AN
MATORERFIELDBTES.

KBI-A LEUHFET, BULL 250 (proximal
BV distal “avascular area”) € VLP 5L U8 VBP
AT & VB R930%, 3 H, 7THRMFEXRAELE
(Fig. 3(B)). ¥ 81 » A% IBIFEEH T angio-
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2 Set up for measurement of blood flow in FDP tendon of a
Japanese monkey with electrolytically generated hydrogen

clearance method.

c\iistal
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distal ava’scular
,
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Javas distal
k
‘ avascular
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VBP
insertion
~ area
200g
B C

3 Measurement of dynamic blood flow at two sites of FDP tendon.
at two “avascular areas” before and after severance of VLP.

(Expt. I-A).
before and after severance of VLP

& VBP. (Expt. I-B)

at the distal “avascular area” the VBP insertion area

and

that come underneath A2 & A4 pulley respectively at finger flexion,

during maximum extension and flexion with the load of 200g.

(Expt. I-C).
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graphy #f7\» VLP (5L VBP YD static ©
BBPIInAT % B L.

HE T -C: A MEE LB A2, A4 BIHHERES
(pulley) OFEK L% FDP BAMBEOEIOEFES .

BEMCESEEGROF X b0 2B IET 5
(pulley) & LTHEEREH S h TV 2B A2,
Ad o2 AFER LT, MoHONHERE S Y5 L
FDP B& B L. 3 FDP Rz 200 g DAM %
AR AR T ECEL L, ErRAEHSELEE
= FDP B0 A2, A4 pulley DE T 5 MR
FO2EETOFA 0 RENT T2 LTEV.
SECEAYHELT, 500 L7 LTEWE2H
BB ARIA L. S0k xORMIASE, distal
“avascular area” 0¥%7c b, EFOWAIIE, VBP
B M5, Ui, EHRA T, BES pulley
Mo, FROBEEN A4 L BRI, EMOEBIL A4
pulley OEM I H 2 RECEAMMEEARE L, KiIT
BEEALE 200g OB b 0 &AM L CEMFRRD &,
AR AR XY, BEAEThER A2, Ad pulley H

Short vinc.
insertion area

Distal
s~ avascular area

Long vinc.
insertion area

Prox.
avascular area

TrBE LR comitis e L (Fig. 3(C)).
EBRI-A : EREBEHEOM vincula (VLP & VBP)
YIERT#Ic 5135 VLP, VBP %%, %40 proxi-
mal, distal “avascular area” ®4 HFFIC K15 MR

DERED.

Pulley £ %5 L, EESMBUORETE S vin-
culum {RFF#F proximal %L 0¥ distal “avascular area”,
VLP BX U VBP M&EZD 4 HATcHiFESHE L.
Wiz VLP 8L U VBP %, BREE L/-HE 4
hETCHESME L (Fig. 4(A)).

LB I-B: ERAMEE A2, Ad pulley DFEER
&5 FDP BHNMEEDOEILOEFD.

A2, A4 pulley #B L TERLADL pulley %8
BAL, FDP o VLP f5$s LU VBP fEHT,
R AMERA (BRERERN) T vincula #BFLT
B&, A2, A4 pulley YIBRIE O MRS WE L
(Fig. 4(B)).

KHRI-C: HMERS OB L5 A2 pulley BT
TO FDP Bomf&oZE{togsx (Fig. b).

Short vinculum
insertion area

Long vinculum
insertion area

Fig. 4 Measurement of blood flow at various sites of FDP tendon
before and after severance of vincula or pulleys.

A: at the VLP & VBP insertion areas, and the proximal & distal

“avasular area” before & after severance of VLP & VBP.

(Expt. II-A)

B: at the VLP & VBP insertion areas that came underneath A2

& A4 pulleys by finger extension, before and

after incision

of A2 & A4 pulleys. (Expt. II-B).
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Fig. 5 Measurement of blood flow at the VLP insertion area that
came underneath A2 pulley by finger extension, and the distal
“avascular area” that came underneath A2 pulley by finger

flexion. Measurement
(Expt -

UQwe

A2 pulley LiSt42 pulley #VIEL FDP B4 EH
T5. FTHEGBROEHR A2 pulley ETIZC 5 2
HHE T~ 0F A avpEhdTe—215. 0K,
RMER A2 pulley B FICC 38812 VLP AEFHCH
o, JEfE: A2 pulley BT 2 mEEE TAH
% “distal avascular area” WHi-b. KICZD2 HFF
TEBERIAL, ROLETCIRcfEsile L.
1) A2 pulley R, FBEROLVGIFMBRCOFTH
(Fig. 5(A)). 2) A2 pulley ¥ FDP E#80g 0
AW TEIT LI L LAERMMTOHE (Fig. 5
(B)). 3) A2 pulley ¥JBi#% FDP B#%80g DAR THE
FILROR E En 0Bh L0 dIEE A S o—R 484
LiciRRBic B 2 HEE e ToE (Fig. 5(C)). 4)
A2 pulley ¥)B#% FDP B AR % iy, fHHEEBAT
TOH, FHEOCHFEERTIFESELVBE stu
dent’s t-test, SEHME L < i #B41E CochranCox
test WL THRELR. EHETRESESH (£
DA LOBBEEE) CIoBELL. plEH0.05LL
Trb-THEEE R L.

IIT % £
£B I-A:

1) vh¥p 3 avascular area (3E® avascular area
Tid7c <, proximal “avascular area” & distal “avas-

was done in the order of A to D.

: finger extended, A2 pulley preserved.

: finger flexed with 80g load, A2 pulley preserved.
: finger flexed with 80g load, A2 pulley severed.

: finger extended, A2 pulley severed.

cular area” TRIFRBOMFEELED -,

2) VLP YBEE#%M “avascular area” THEK
(=R E S B HT ; p<0.01) MFBOB A% F bt
VLP {18 3 B, 7 RgomFERIEERONKE
CHANFRBE (CTECES B 5 p<0.05) Hm L1
M3 AL 7 RO MRBOMICIEEEN Lh T
¥, finger no. 3 M4 distal “avascular area”
TO VLP G305 %o M & YIsEsTc lk~34 L
Thh-te, TOEAE LT, VLP YBOREEY
BT RICTTEEME R MAT O variation e & A E L &
h% (Fig. 6).

3) VLP #¥JEELTh5HE 1 7 HED angiography
T VLP &9 OMmiTidEED Hhin s - 15, longitudinal
vessel & W OMITHAL LR (Fig. 8(A)).

=28 1-B:

1) VLP & XU VBP YBEE#E “avascular area”
THE (CEREBEZ#E7H p<0.0l) ZORKECET
AWM. W vincula VM3 BROMBRIEH D
hielh~FE (CEEBES 805 p<0.05) w#mlL
Twie, 7 BEROMEER, EHRO MR L~<¥no
FEE b 18, HEENh -7, 4, 3B, 7
B#omEROMICEHEEE, Lh -1 (Fig. 7).

2) [ vincula ¥J#f 1 » A#D angiography T VLP,

VBP & 9 oMmiThi@Esdbhich>1cH, longitudinal
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Blood flow (ml/100g/min)
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Finger No.
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Bicod flow (ml/100g/min)
~
=

L
i

o ve

E= before severance of VLP

] 30mins. after severance of VLP
3days after severance of VLP
Tdays after severance of VLP

N

N

Result of expt. I—A: Blood flow
of FDP tendon at the “avascular
areas” before and after severance
of VLP. Blood flow decreased
significantly (two way analysis of
variances; p<0.01) 30 minutes after
severance of VLP. Increase in
blood flow was noted 3 days and
7 days after severance of VLP as
compared to the blood flow
measured 30 minutes after sev-
erance.

at the proximal “avascular area”.
at the distal “avascular area”.

Blood fiow {mi/100g/min)
-l
L]

No.

-
MW W §

Biood flow (mi/100g/min)

Finger No.

-Fig. 7 Result of expt.

© >

F104% B1S5 EM2FE1H

before severance of VLP & VBP
30mins. after severance of VLP & VBP
iz ldays sfter severance of VLP & VBP
Tdays after severance of VLP & VBP

pR0om

7
?’
.
?

I-B: Blood flow
of FDP tendon at the “avascular
areas” before and after severance
of VLP & VBP. Blood flow
decreased significantly (two way
analysis of variances; p<0.01) 30
minutes after severance of both
vincula. Increase in blood flow
was noted 3 days and 7 days after
severance as compared to that 30
minutes after severance.

: at the proximal “avascular area”.

at the distal “avascular area”.

A

B

Fig. 8 One month after severance of VLP or both VLP & VBP, longitudinal
blood vessels were well visualized by angiography.

A: when VLP only was severed.

B: when both VLP & VBP were severed.
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vessel iX@D LN (Fig. 8(B)).
KB 1-C:

&R aF A2 pulley 5508 A4 pulley EFi2< 3
2 AFFCoMmtEY, HER, RIAIA pulley SHICE
B L -BonfiBch~EE (CxEBS8M: p<
0.05) @A LT (Fig. 9).

kB I-A:

1) VLP kXU VBP R 3 4 »RTcoMmifis
BEMICEEENR S, VWhYw 5 “avascular area”
CEVTH vinculum FEFR L ERBOMMELFE
Hhht,

E=3 during extension

(distal to A> pulley)
= [ during flexion
= inside A: pull
E 301 {insi 2 pulley)
o
S 25
=
E 20
3 151
- 104
3
B 9
Finger No. 1 3 4 5

A
£ 30
-
o
=4
hy
E 204
E
L2
W
- 10+
o e
2 =
@ =
Finger No. 1 5
Fig. 9 Result of expt. I-C: Finger flexion

by loading the FDP tendon with
200g weight caused significant
(two way analysis of variances;
p<0.05) decrease in blood flow at
two sites that came undernsath A2
& A4 pulley during finger flexion,
probably due to direct pressure
exerted by the pulleys.

. at the distal “avascular area”.

. at the VBP insertion area.

W >

i) el GRS W &4

=
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2) Vincula YJ##¢ VLP : 10 VBP %% TH
proximal ¥ LU distal “avascular area” T#% vincula
UIRER & e~ R OBFE . (BB S ST p<
0.05) WAHFEDIA, avascular ik bich -1
(Fig.10).

R I-B:

A2 5L UF A4 pulley YBE# A2 pulley ETTH
A4 pulley BT CHLMFRAHE L (student’s ttest)
WLt (Fig. 11).

28 I-C:

1) $EHREE A2 pulley T2 5862 (VLP in-
sertion area) TOMIKMIZ A2 pulley BIFRHRBRAL
Lo (80g BHFES - T) LB BCEER
(ZTCBLE 5 B #T 5 p<0.01) BHABRH LRI,
SEPAXRCRE LI E CAMBRAEEC (ZTERE
S#eHT  p<0.01) ETF LA

A2 pulley PIBEEHMN CXMTEDEELETH
Abhtch, RS BRERMRA TR ORED
HEx (ZTEBSHESH  p<0.01) Hinibhi
(Fig. 12(A)).

2) A2 pulley B, #ERM (80gT) fIT A2
pulley E Fiz < 28z (distal “avascular area”) T
OEHBEOMITRIL, FRMBRA TR TRIE L Mk
Brh~@BL L odb1oh, BETH AL T
Fiz A2 pulley YIBA# &+ ORAFRE & e ~HBEPRL 3
CHBEEYRD I -1 (Fig. 12(B).

3) A2 pulley IfF, fEMEN T A2 pulley L 9iE
{78 (distal “avascular area”) TOMFKEITX A2 pulley
BT (VLP insertion area) TOMBEELOFEIL
(ZIehe B4 Bea#T 5 p<0.01) J4 LTv7o. A2 pulley
FIBA% b FRROERE A S oW EE TR h -~ 1o (Fig.
12(D)).

4) A2 pulley ¥, #HEEMMCET S A2 pulley
ET (distal “avascular area”) TO iz A2 pulley
& DEAE (VLP insertion area) TOMMKE LY H
B (ZxREBES S p<0.01) B LT A2
pulley IBE#(2 distal “avascular area” TOMFE
» pulley FIEgIo MR L~EFBIC (ZXEkBED 8
587 p<0.01) #pn L7 (Fig. 12(C)).

v % £

18522 Kolliker ® i3, B2z LA & avascular TH
BEd~Tuwf. Ld L, Berkenbusch ! if, 1887
= blue Berlin ink & % fresh cadaver @ angiogr-
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Before severance
"] After severance

student’s t-test .
*P<0.05

Blood flow (mi/100g/min)
I

SRR

Blood flow (mi/100g/min}
~
=

0 ] =
Finger No. 1| 2 3 4 5

Finger No. 1 2 3 4 5

Fig. 10 Result of expt. II—A: Blood flow at 4 sites of

FDP tendon, before & after severance of VLP
& VBP. Although blood flow decreased signi-
ficantly (two way analysis of variances; p<0.05)
by vincular severance, the areas did not become
“avascular” alluding to preserved blood supply
with longitudinal vessels.

A: at the proximal “avascular area”.

B: at the distal “avascular area”.

C: at the VLP insertion area.
D: at the VBP insertion area.

Blood flow (ml/100g/min)

Blood flow {mi/100g/min}

25 Pulley intact student's test:
{77 pulley incised * PLOOS
- >k P<O01
401 *k * * * *h
20 .
0 , L Fig. 11 Result of expt. 11—-B: Blood flow
Finger No. 1 z 5 8 at the vincular insertion areas
during finger extension, before
] * % * ok *k ok and after incision of A2 & A4
40- pulleys. Opening of pulleys re-
sulted in significant (student’s t-
. test) increase in blood flow at
both areas probably due to the
207 release of pressure exerted by
pulleys.
] é A: at the VLP insertion area.
0 B: at the VBP insertion area.
Finger No. 1 2 3 4 5
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3 ﬁw eutended
DT
imal 1o A pulle
359 545 ﬁn::‘;:eda i + ‘g 35. proximal 1o Az pulley (VLP insertion area)
= 2 o - oo - )
E 301 finger extanded pulley sever E 30 [ inside Az pulley (distal “avascular ares™)
E 2 student's t-test
Z ¥ *P<0.05
K z 20 *4PLO.01
H 215
= 3
3 g 10
2 @ 5
@
Finger No. | 2 3 4 5
C
ﬁ?ou extended
distal to A pulley) .
s} ﬁ?w'ﬂmﬂ ) A polley intact 5 553 inside A3 pulley (VLP insertion area)
inside A pulley ‘ <z . .
%m WD fivger feed vt .§3 [ distal to Aa puliey (distal “avascular area”)
g 25 finger extended severed § .
=
5920 E
E 3
% 15 2
210 3
° o
85 &
W

II-C: Blood flow at the two sites
finger

Result of expt.
of the FDP tendon measured with the
extended or flexed, A2 pulley preserved or
severed. Blood flow at the VLP insertion area
(A) that came underneath A2 pulley by finger

extension decreased significantly (two way
analysis of variances; p<0.05) by finger flexion
with 80g load, with A2 pulley preserved or severed.
However, finger extension after severance of A2
puiley caused significant improvement in blood
flow suggesting that the decrease in blood flow
was probably due to the VLP being tense
during finger flexion. At the distal “avascular
area” (B) that came underneath A2 pulley by
finger flexion, no significant change in blood
flow was caused by finger flexion with 80g load
and A2 pulley severance. With A2 pulley intact,
and finger flexed (C) or extended (D), the distal
“avascular area” showed significantly (two way
analysis of variances; p<0.05) less blood flow
as compared to the VLP insertion area, probably
due to the pressure exerted by A2 pulley against
VLP insertion area during extension, or distal
“avascular area” during flexion.

aphy & & » T FDP BOMmFTIE3 >® source L Hig
n, VLP RU VBP & OHEE, 4 FDS ©
chiasma of Camper OFIAI#T focal avascular area
BRD DRI Arai P iE, 19075 FDP B avas-
cular area %38 L, Zhid poor injection technique

ZE5 DTS, TOMMEDMEIL loop RiZH -
TWABIHTH D, avascular area i synovial fluid
OB & > THRBEEZRT B EBXTW5. —7, Ma
19164 1= flexor tendon @ pulley &®

“frictional surface” 1= focal avascular area % F#¢

ver 3) {2,
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RUIERNTWA, ¥ Smith® i3, 19654 pulley
FEEM L TWSO volar surface HHEXHNC avas-
cular TH % FR~T\W A, 197781 Lundborg ¥ 4,
FDP Bz 3 2 segmental blood supply A% 0, %
OFfED 2 HFTIC “area of avascularity” #F» 5 &
LT 5.

EES X, BB LLCAEY L OUEFIC Indian ink
%=k % angiography #17\, FDP B VLP fI#if
DR S UNERL, focal “avascular area” FERDHTC.
b, Z® “avascular area” & pulley OfZEBIH
HEE LR, BB EF T A2 pulley TIZ VLP
DA FE S, Ad pulley Tizid VBP DfrftzE
WH—8T 52 L wBni. BERXEME LCBE,
A2 pulley Tio distal “avascular area” 78 A4 pulley
Fizit VBP OBMAFRHBEH T L L 5B

Peacock 19 ¥ 1959412, radio-isotope 1= & % BF5¢
ik h, FDP BIZSAL 1/3 iE proximal musculo-ten-
dinous junction X9, distal 1/3 & osseo-tendinous
attachment ¥ XU VBP L b, ## 1/3 38 VLP
X blood supply #FFTWb:BEL TS, ¥
7z, Manske 'V (&, 1982%FC tritiated proline MDA
& ->7T FDP B4 hFrto diffusion ¥ £ U perf-
usion OMET# 4T - 7o, Diffusion 7c LDOE&HT, perf-
usion DL EWE UEETIE, proline A 305#0
uptake |+ control # (perfusion % diffusion % # %
#) o, VLP %8 L9 1em #iH2 (“proximal avas-
cular area”) T77%, VLP f#%#©84%, VLP fI#%
L 1em @z (“distal avascular area”) T63%,

VBP 5T 100% 1/ » T 5. HOREES#IE “proxi-
mal avascular area” (¥ musculo-tendinous junction
XU VLP kb, VLP & VLP Bkl b,
“distal avascular area” (¥ VLP LU VBP &£ b,
VBP %z VBP ¥ LU osseous attachment X
9 vascular supply # %3 TE YD, R VLP fFH
1z proximal ¥ XU distal 5 5H® longitudinal supply
2RI T\ ERERST 5 LRI “avascular area”
THMTHARD TS,

BRI HS, Hunter 513 angiography I & 9,
VLP %48 L84 VLP A&, adult cadaver
it “avascular” W7t 5 M, young cadaver Tikhis
SELAELLREVERNT VS,

—7j, angiography OB L v, Edwards'® (2,
1946512 FDP BcBhEsikEs L oY v 8@ longitud-
inal parallel system HFFEET 5 LiR~TW 5. Brockis

B2, 1953Fca—Nang Fv AFBRCEAT 2
&L~ T FDP BROBERHCH > THET 2 M
BHBEE LT3, Smith® 3 19651 FDP T4
FOT e microcirculation HMAUET, FOIHIC
collateral circulation AFEELTW5EB~NTV 5,
Ochiai W {, 1979%E 1 Indian ink OFEAK X - T,
FDP B® proximal longitudinal vessel XU vinc-
ular vessel DI cross-over zone Hidh 5 Eif~TLs
5. D%, proximal longitudinal vessel A% volar
half i, vincular vessel {% dorsal surface CBE#ET
55, VLP {&FHL0 lem AMBLIU 1em &z
(proximal % L UF distal “avascular area”) Tit vessels
HRREICRFE L, dorsal vessels & {3 vertical loop
CLoToll->TnBEd~NTHW5, WTFhicgl,
angiography (& non-viable fetus, cadaver, % %\ [}
VA TEBEh 5729 static ©® main vascular
architecture L& T\ vigls, I, microsphere &
L BHETE, SAEHFCRERER L cdhiE b i
W HFE—EA T O RBERECH-EETORL » o
BT COMERIFTETHS. ThICHN, KEI VT
5 v A#E viable specimen Offi4 OE&HETFTic kT2
R MmfiEs kD5 L WAHEE SR TWS. ZOSER
i, 19647F 1 Aukland 5™ L L > TRBIh-BRA
Bid, 1974%E1C Stossek H16) i L - THRIBIHLES
DRED 2 SOFHEL S L. BEIBERIRAECH~
TR DI & & RE e T, BRI KE
LTHZEERLZFSE LD L EnLEATTH TR HER X
haddicrioie. UL, BRAKEs VT 5 v Rk
DOREELTRDZEDBBF BN B,

1) RFOBE SN BHT LhakRN ANREE L
Wickh, BB~ L TR KETN ZAOBRYER LB
Voo L L, FMATD s BBEEHEY—FRLT
B, e X 28R, —EolrTiizig—
ELEL LR L., FEIERERE - EMSHSORE
bR EFERP—E L. L L, SHEUBMEBICEL
KERI EERITRERN DI - TWA D EREY O
FDP BTCREDHBIELX ThEhRb i, +OFHHE
i3, %81 12ml/100g/min T, LI -CIX 18ml/
100g/min TH -1, ThEh a2 ERPOHEEL HE
LW THDo MR E L.

2) BEBOBACL?HABECHBIBIILLEY
WEBbRBM, Senter'®, BARHY IEBEFHEOHE
BEBRE DL DRI LEES 52 4 4 DTl & A
JTw5.



Hodr IHEAOEETICETS
TNTIVAER LD

3) ERCLAHBOBENDSN DD EEXLREN,
ST I BT 50eA, 10HEE T REEY
CBREERD b >l ElBNT w5, FEHEIRBRP 10
uA, 508 CROBEAED I, - .

ZTE IR T, FDP B® angiography T avas-
cular area & XN T\ 52 AT, #EHE, £ pulley
YBORETAE 7 V7 T v AR & - TOWHE % HIE
L. *O&E, “avascular area” 1ZE D avascular
area i3> Tt ofe. T ZTIDVHh@ 3 avas-
cular area {2 2/ % blood supply #%3 T\ 5 h
DS T 5.

VLP % 4B L7cBE &, VLP X0 VBP %408 L
RRERIED, WEL L UEERK30S, 3H, THRI
proximal ¥ X 0¥ distal “avascular area” THFHE%
WELL. ToBR, W LS vinculum FEEEI0S
MR EBORAHED LT, avascular i b7
ot Fio, VEE3 B, 7 HEOMMEI L LAHH
mLTwi., -7, vwhd3b
vincular supply ¥ & ' longitudinal supply % %
TWw5 EHEFETET.

T, “avascular area’ TOMFEEIT VLP fH%
BELU VBP fHEMickk~E 2 h0n? KHRI-A &
LTZD4 AP coMfiR%RME, pulley S5 L1k
RETHWE L. ZOKE proximal ¥L U distal
“avascular area” TOMPEIL vincula fHFW & 34F
BERETEEEN k-1, ¥/ VLP & VBP Ul
b4 AFTCOMFER S GIIEETH 7. W vincula
TR O MR BT~ 4 A TLRL R
o, avascular i bl -1, Thitk 5T, VLP
f1#FHIE VLP A L Y blood supply #%3T\- 5
DTk <, longitudinal supply d % TV 5 L HEE
T&%. %I, angiography C avascular area I
HZ EHmHNHIEE 5.

HER1-C T FDP % 200g OF & THEMFAA~E
FIL, HErxEAEME B A2 A4 pulley ETI2<
527 (FhFh distal “avascular area” ¥ XU
VBP &I H1c5) TORNMIMEIZIERAHER
Bl LrcBEf comiic <3 LT, Zhid,
200g DESIZ LD VLP WEBE,H 3 EERICEKX
JBE & b pulley OFEED b L LHEETE 5.

KB ] OFERO—H % H28E B AFONBEE THRE
LcBRiciddg Bl A4 pulley TTIRFEEEZT Tt
WERRRSTAS. L L, MEBOBELS ML, BN
I EIE Lo tetcdd, By A4 pulley O IE

“avascular area” (I

3
"
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BAEEALLCEEEM L EERABB Lo
O LTF—2D 5 vFhdh, EEENEDLIK
Dot B> TERLOFHRFIC L 2BELR
N, TWELILERNES MBGHEAC o8 LSS,
HEELF T Ad pulley Fio & BB % 20T
WHTENHETEL. ik, RBI T, BIKLE
DR CERIC A 2 oD R pulley NTLE
T LIRER I B Rt

EBI-B THEEAMER, A2 XU A4 pulley
ETF (xhxh VLP f&FHE LU VBP &K
72%) T pulley YBRI#EOMBREOTILLBE L.
ZOFE FDP BAMFA £ pulley ¥IBHIC X - THhn
L. fERKHER, 8BRS 2»H» 0 FDP BH pul-
ley THEZF3 T2 L #EETEL.

EBI-C CHEBEEME, 80gE ek v BERM L
7-BE VLP f43&& & distal “avascular area” T
x5 A2 pulley DEELEE LI,

VLP &M aHER A2 pulley BETizh o, B
BHEFIC L A2 pulley L WANMEBET L. HiFckyd
bE 0 b EC R AMTIE A2 pulley BAFRRC 3L
THUBRC BV COEBCRV AR L. 0B hiz
JREERE KL VLP ABER S h, O %5 ms
P hichLHEEE R

Distal “avascular area” }#EHEEF A2 pulley kL
NIEMIZH D, FREEE A2 pulley ETIBEIT 5.
ZOFOMBERIT80 gz L BB L - TR Lich o
bHotoh, HETIR A1 Lrl, 200g AT
LAHMIC L > THBIET L2 &b A 2104
T &R & T A2 pulley ic & AFEAAMFLICHE B
THicr b EHEI R

A2 pulley RFHEF, VLP f&FH & distal “avascular
DT % HE T 5 S REMEFIL I distal “avas-
cular area” DMTAFECEY AR L. TOHEB S
LTRDOZ ENEZ BN D, ENL “avascular area” T
BHRHRAIC S W TR T VLP #& 85 A2 pulley
X WEBEIN SO L DO vincular 1 LU longi-
tudinal flow MELT 5. —F, VLP {HB T
&£ 0 @ longitudinal flow #34 LT 4 vincular flow
it “avascular area” ICHNTHCED SN L LHET
%%, ¥1., JBEEERE distal “avascular area” 7% A2
pulley WEBCHEEEIh ) I OB TOMmTHMA
THLHEES NI

”
area
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Table I Essential results of the author’s experimental study on the
change of blood flow in the FDP tendon with the severance

of vinculum

All pulleys severed, finger extended

Conditions VLP only (O), or both VLP and
VBP (@) severed
Time lapse Vincula
Site of
preserved | after after after
blood flow .
30 mins. 3 days 7 days
measurement
of FDP tendon
VLP insertion area oO—— 3%
> n.s. >n‘s.
VBP insertion area Q —F¥F
> n.s. *—“——‘>n s
Proximal © 4 1 n.s.
“avascular area” O\ 3 1 n.s,
>n.s >n<s.
Distal © — ¥ 1 n.s.
“avascular area” O - § 1 n.s.

n.s.: not significant

1T blood flow significantly increased.
§ blood flow significantly decreased.
Note: blood flow in FDP tendon 30 minutes after severance of VLP or
VLP and VBP significantly decreases, but it recovers significantly 3 or

more days later.

Table II Essential results of the author’s experimental study on the change of
blood flow in the FDP tendon with the severance of pulleys and the
change of finger positions

Conditions Vincula preserved
griségldor A4 (&) pulley All pulleys severed
Finger joints (MP +PIP+ DIP)
Site of flexion flexion
blood flow . - - )
measurement extension with the weight of extension
of FDP tendon 80g 200g 80g 200g
VLP insertion U 1
area ] i 9 \ N
> 2 > n.8: s
Distal n.s n.s. n.s.
“avascular area” ] 4
VBP insertion Pay 1
area AN 3

n.s. not significant

1 blood flow significantly increased.
4 blood flow significantly decreased.

Note: severance of pulley significantly increases and weight loading causing finger flexion
significantly decreases blood flow in a FDP tendon.
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FERORMIMAT OPFSEE non-viable RO ME &
i X 54 oEET, FDP BTl musculotendinous
origin %, vinculum %, ¥ X U® osseotendinous ori-
gin RO 3 /L HMFTHEE S R, ThboHic 2
B “avascular area” MBEBH LR D E IR TV
%7 FDP o long vinculum (LAF VLP) Oft#F
i3 longitudinal flow #%\V® T vinculum FRMfT
PEETX RS SR 2 EBESh T,

EEZWEOHAY A D VLP 2FH>RiEH HEHE
EoWTEBAKE VT 7 v AELXAWT FDP B
PIfTEIRE % RERAVIC AT L, DT oREEEL.

1. FHERL LTAEFLOTFIRE - 55
7 AR L AMEEE LT, VLP AESOEMNE Lt
S MEoOEF S h VbW 5 “avascular area”
DI, ZORBIKEZ VT I v A L AEE
T3 “avascular” &k, pulley £EGEER L
% vincula IRAFREBCHEMBAIC KV T vincula
ER L ERELMRBOFLELZEDL. LrL, A2 pul-
ley RFFEFZ B\ TRHA “avascular area” O MATIE
VLP S8~ Mt e A8 (p<0.05) HW4
Ll 2oOBEML, MBI VLP 58 A2
pulley X A X 0 O MR 5 TR
HifE CI2EAr  “avascular area” AE#EI A2 pulley
CHEEER S o EHEE S i (Table 1),

2. VLP & VBP O L - TH “avascular area”
& vincula A FFOMFRIIV-THLFE (p<0.05)
TP Lok “avascular” Wit Bich ot B “avas-
cular area” "“Cit VLP ®4. 5 X Uf VLP & VBP #ic
YR L300 ic e~ 3 B, 7 BOMRRITAR
i (p<0.05) ML T\, 1 AR CROESER
ERVCTLREAROMMERD S Lol -1

3. VLP (&FFuiEMBEM T A2 pulley DET
b, 80g DAMIC L AHBMEECIT A2 pulley X
DM BET 5. ZoRomTHEIECREFL I b
#EICHE VT A2 pulley ZEFLTLYBLTLHEE
i (p<0.01) #A%R L7 (Table II). TOHEHI
[EdiEE iy VLP B8R L, TodR @5 s
FThHicHEHEEI NI

¥ 1o Z OO MTEIT B AR T A2 pulley %
YT 5 SRR L E~EE (0<0.05) @EML TV
7. = OHME A2 pulley L ZRAIEANEBES R
Toled EHER E R,

R E R MR O BHAR

Bl
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4. fr “avascular area” I34EHHIEE A2 pulley
BETMET S, CoEOMmiis0 g Affic L 2EihT
BREBEXEI I, T8, 200g BHTIERE (p<0.05)
W L. AfAHTZ Ll ->T A2 pulley X 5
JRFTEEA N LM s w5 S HEE S R

5. VBP fFEEMBIEHERAMRERC, OB
IHERAEMENC A4 pulley B FIfEEST A, 200g
A & BRI VBP AR M R R
RHCHE~EHE (p<0.05) il LTwiz, ZoREnd
A4 pulley T VBP fA&FBEMENEBE SN0 EH
EEhni.

R KMER VBP fHEFHMmERE Ad pulley ¥
BB ~EE (p<0.05) wiinLi. Z it
BIHRAICE VTS A4 pulley L9 VBP A58
HHEhA D LTI R

6. LEOHERBELT FDP B~ 3RO M
B TH A ICER LT 5D THED “avascular area”
BEELEWE, EEMCOBEC I VLP OFRE,
A2, A4 pulley k% VLP, VBP f&H0EAL
“avascular area” OMEAVE UHA Hic BB E O
ERELLI LR TET.

Be#bdebdicy, JiHHE, TEMAEGCRE
WARFENMAP S B th 3 s o L %
T ¥ RSB ZHHTEC L EFRBT ORI
HREFETR, BosmbimbiRE R, B
ERAREFPRMARET R, Ry S@Emcs
RILHE BB, FRAPRBAR S HE R —
B ARBEHFTCREH L.

(FRC OB R ITE8NE, 31EHATONBES
TRELL.)
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