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Fig.1. Site of fracture (rt. rabbit fibula).
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Fig. 2. Specimen of the vascular mold (lower abdomen and femoral regions

in rabbit). The sites of ligation were illustrated by the symbol T. Group A :
ligation of femoral artery. Group B : ligation of femoral and common iliac

artery.
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Fig. 3. Device of the measurement of blood flow.
Upper : impedance plethysmography (AI-600 G),
differential unit (ED-600G). Lower: recorder
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Fig. 4. Measuring method of blood flow. (lower
legs of rabbit).
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Fig. 5. Model of simultaneous recording of 4Z, dz/
dt.
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BRITIZ- &Y EFREHRT, X, BD remodelling O
=i, BREOBERELET 0, KERTRH,
BIGOTHELR VT ZOMEE L > TEREDHIE
L7

2. AR

HIEE A, B, CEOEBIzOWT, BT, BEROFW
#®2:BEXY, 338, 4:8, 58, 68 7iE 104,
128088, 3~5NToBITS R FEEHERL,
10% 7 + V< Y > (formalin) 2 TEIE L /2%, ED.T.
A. (ethylene diamine tetra acetic acid, 4 Na salt,
tetrahydrate) 2 CHKL, /37 7 4 >~ (paraffin) [&
ELUTHEBER 2R L, Biid, EXOFEEADT
NTIEAT N F ) y—xF P (hematoxylin-eosin)
Bufn (T, H-ERELET) RUY77=>077
— A } 7'V — (safranin-O-fast green) & & 28E
g™ (LIF, safranin-O A LEET) 2{T-o7:.

158 -1

1. BRMFFR

A, CEHE, 20, BRCARNERE 2D b7,

BEBWTIX, ME%RLDEATRIZMEERES
21, HEESRAONT, FIETOETERLE.
X, BEEBEDOF T —¥ERLE., F0%, 18
M TREOSERSERIIRD S ND L3 ickY, B
%, BB L, X, COEIDBEORE, BHE
FCFESHBRT 2R Y, iR 2 BEE TR 3 &,
BERAETERE e, ERAEBRERALE L A HIN S oz,
BEAEERIE, —ERORBICB LT, R 2~ 3EETHE
FizBBWD, ZO%, 4Ll

. miERERZRE

MFHEZE 12k impedance plethysmography % Fv»,
IR (42), % DR ED &k, ThE D, kubicek
SWOEERIZ L D IENEER D, BEMFTEOCEAI
FEEHT e > T, BAOHEMKEERL .

FEOREHI AT, D) OPETT &, ARTE,
EWES, MITXETULRLS, *OROESERIER
BRI RIS, SETER %R L, M 20% 7T

FS

Hot:, FOH, BBECERL, 3BEETB0%M Lk
0, ZORIELE T DRELRF: (K6).

L, BEIBW TR, BkER, MMz
LAY 0GRS $TETL, AEBRCHEMAL 2 MRHE
BEBICBWT, BKLE.4Z 3HANLIRER 2 RET,
Ly & FRAT, HEHHES ENBDL, LIt
o THFEOHE R R » 0T, 20K, 1ETR
- PIREDNESGENBRRICR D, FORBOEAIT
Z BEO ML W0%EIHRTH oz, TR MR
OEEIRBESRTHY, 55BRATR L 50%MIERD,
SEETLLTD 0% ETLARAELE» 7 (K
7).

A, BE&L10 PORENNT % Mtk % FHET
FbL, ThEEENCREL L, ABTE, BEER
21.9-++4.7% (& F L7228, 1:8%53.5+14.1%, 238
% 71.6+11.8% & AEICEME L, 38% 81.6£23.6%
LD, F0%ki3 80%ATEDMBLL 2 H#ER L 72,

BEW B LTI, HEER, FEECsLTEEL
BEATE A LR OIREICIMEAMET L, 1:8% 10.9%
5.49%, 2B 028.4+4.4%, 3% 32.7+8.7%, 4
JE% 40.5+13.2%, 5% 49.7£17.1% & MO [E
BiREHRTHY, TO®B, SEEEEL TH 611+
21.5% kT kot (K8).

Tabb, BABEREREEL ABTE, HEN
B AT SEE L, Witk 1:8E 50%, 3EE&T
809 & MITOEE#ED - 7208, AREBEIRK UHR
BEEREER L BETIR, FBRER, Brakl
sk e, AEIMITROFELEL, ik, 5#
BIRAL T b EED 50% M0t LA EE Liks
272,

. BRen#ER

1. X #5FR

CET b b control BETCIE, X MENC 28T, &
REIZF > THMEBHBHET 325, ZhoIMREBEIC &
LEFRTOEKEED SN, SBEETEFHRC—
EHOMREBIC & BN A S NIz D, FO%, HRAR
WHMEBW &k A HETL, 5~ 6 BTERIEA
BERE L D, 6~ THETEIMSHEELL, ZORH
T, XERER, 4, FRERE & 5 EESTERL

(E9).

ABTBVLTIE, XBRFEMC, CHT4b b control
BELIZIZFEROBBE 2 L bz,

BECBVLTId, X M¥He, —&, 3EBEICH
RBOREERERARD H o7, KEH, BIFH
ZBWTELRENERENT, X, BIROTEH
b, ZOWEELTEDLHNT, 12BEEBLTYH, W,
R, SMEBIC L 2 EES R, <R shihok.,




PRI T\ 55 1 2 MR & & Bl E o % 111

preoperation ” WWWW
MMM

|
P
[
!

1

uiv,Vv;iauuuuuuuu

47 o~/
gt e, W/W“WW
1 week az:
" NP
%

Fig. 6. Simultaneous recordings of 4Z and dz/dt obtained from experiments of group A.
(preoperation, immediately after operation, one week, two weeks after operation) The
ratio of blood flow was shown with figures.
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Fig. 7. Simultaneous recordings of 4Z and dz/dt obtained from experiments of group B.
(preoperation, immediately after operation, one week, three weeks, five weeks after
operation) The ratio of blood flow was shown with figures.
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A group : Ligature of femoral artery
B group : Liaature of femoral artery and common iliac artery

» aroup

B aroup

40

Fig.8. Ratio of blood flow. (right lower leg vs left

2 lower leg).

L

directly 1 2 3 4 H [ 7 B (weeks)

2W 3w 4W 5W (after fracture)
Fig.9. Radiographical findings of group C. In this group fractures are united and much external
callus is produced. Group C is the control of group A & B.

2w ‘ 5W 12W (aftr fracture)
Fig. 10. Radiographical findings of group B. In this group fracture healing can not be completed and
external callus is not produced.
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BB O EIC 2 TiE, Weinmann &2 HEVy,
$4# (& (anchoring callus), #IRIRE (bridging
callus), #&{RE (uniting callus), FASHEE (sealing
callus) D& EX & LTHERALL. X, BELE, BN
FEAORIERE D HR 2 BFOLE, HER, IR,
M, AEme LcRbT iz L (1),

1) CE (control ) DEMENATR

FHr# 238 . ¥ T anchoring bony callus I3
ENTHY, BFREWESTE, HuERE2LD
BREEREOBREEL, BINEEHN 2 12> T,
EFNSRIEBREE~NLEL T, B8RS, He
B, FASHERIZ, KEAMREEOS WIRMEMEERTY
BHENTHY, MRICBRCREBRERSEEL .
X, BEWRE Tk, —REmENEEL). 22T
&6 NBEERRIEIL, safranin-O TRFEBI L H»
-7 (K 12),

B#% 358 : anchoring bony callus id, 2:BEW
HEL T, BIFRHEE CIRBINMEBLER T,
FERERIE, KRESMBHEEZRTCED S h, —HicEiRkig
R ENEREE N, Zho 2k 3B OEKS2 5
nrz, HEE, BAEIE, MEEE OB EBHEMEER
RUREEBTED STz, ZhSEEEBE,
safranin-O I TR PAEE AT (K 13),

Bt 4 ~558 . anchoring bony callus i&, ¥
ETEIERICED > TIREBIRIREA~ EELL, R
ZBWTI, SHIEEL D ARz A - T, #RER
RRBIC L 2 BR OEEES, 5EB T, BIRE

(4)

]
]
:
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Fig.11. Diagram of the callus in a simple frac
ture of a long bone. (from Weinmann and
Sicher)'®. (1) Anchoring callus, (2) Bridging
callus, (3) Uniting callus, (4) Sealing callus.

Table 1. Radiographical results of fracture healing.

Fracture line group A group B | group C
not clear 5.9*1.2% | nonunion | 5.3%1.0
disappeared 6.8%1.1 nonunion 6.8%1.0

(weeks)

X Length of time ( weeks in average ) which was

necessary for the healing of fracture.
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kD ER BRI B 12 & B dridging bony callus iZ
T enBFlb BN, ZORRRIC, BASERT,
—if sealing bony callus WK S, FndiT k3
BEOEKLALND LD ko, BEMRIZ, K
SRB RGO T, —%2 uniting bony callus 3
HERL Tz, 2 ORBOREHEM Y 77X T safranin
SO THRBSN T (K14),

Btk 6 ~ 73 : anchoring bony callus, bridging
bony callus XIREWRIE L, ERFEREIZIZ LA LR
D SERICEREL Tl BT, kR E s
2 EL & I, sealing bony callus 12 & 2 EEHFED & 1,
& T, uniting bony callus 23TEEK & NERE L 72,
%0, ZORET, S B, ARBCEBERE
MR L2, X, T TEELREER,
BHRIZULEELE SR EM, Z1 6 b safranin-0 12
7RI N TV (E15).

i 12 8 © #MRE (anchoring callus, bridging
callus) i3 T X TIR/BRE £ % D, remodelling 25 A
Twiz, BEEEE, WEBRREIC LD E2CEEL,
BRI REA & 25 o Tuwade, X, WRE (sealing callus)

Fig. 12. Histological findings of group C: two
weeks after operation. Anchoring bony callus is
produced but fracture regions are not dyed by
safranin-O. Upper : H-E stain, Lower : Safranin
-O-fast green stain.

Fig.13. Histological findings of group C: three

FERNES, EEEHICESELOSNTY, &
ORHAT, MEEBEIFRO S (K 16).,

2) ABOMBFERATR

SEEAE, A BRI, JERER0W CEET b B control B
&, BRIFRAKROREBEROF @RI LY, A, Pfd,
MNMEBIC L2 BROEREN 6~ TBTROSN AR
OEREE, BRI EEBENT, CBTRb
control BEL ZERIIFED oo,

3) BEFOHEBENIIR

Bi7# 238  anchoring bony callus iZ, HRXEF
OBEHFEELE D BEMICHOTPRBREL T 24, RE
REE LW &0, BRERSE  BRERRLET
HY, TOBREORERGE, A, CREUCHEL &
ek B TWwiz, X, BRER, A, CRICHEL TEA
WECSECBLW-TED, ZORRPI, PREH
SO ERBERICEHICED o, HEEROKREEIT
MIEEEBTED s T W ([ 17), FFRES, HAH,
FASRERIE, 13 & A SRR TH D ST D, TR
CECEREBOBRICEELL, LaL, ZhoikE
BRAEMIE, A, CEHCHERL TRz Rd oz,

weeks after operation. Much anchoring bony
callus is produced. Fracture regions are occupied
by cartilaginous and fibrous tissues and the
cartilages are dyed by safranin-O. Upper: H-E
stain, Lower: Safranin-O-fast green stain.
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Fig.14. Histological findings of group C: five
weeks after operation. Bridging bony callus is
united in the fracture regions. Sealing and uniting
bony calluses are produced. Cartilage is dyed by
safranin-O. Upper: H-E stain, Lower : Safranin
-O-fast green stain.

2

Fig. 15. Histological findings of group C: seven
weeks after operation. Bridging, uniting and
sealing bony calluses are united. H-E stain.

Bt 338 : B Danchoring bony callus i3,
2EBWHELTEIBRENT BN, FoE,
BREBCETELTB ST, HMERO KRBT
FEROIRETH o 7z, BIRE, BEE, PRI B
thiEEERTED N TB Y, PIER DTS 12,
b BRICHERRSEELL. X, B#ESOE

Fig.16. Histological finding of group C: twelve
weeks after operation. The remodelling is more
extensive and internal callus is almost disappear-
ed. H-E stain.

Fig. 17. Histological findings of group B: two
weeks after operation. Anchoring region is
occupied with fibrous tissue and the necrosis of
cortical bone is seen in the fracture region. H-E
stain.

HEH L OBRIICE, BRI D Ob TR BRI
MiRE D ST, I OEFEROEUE R, safranin
-0 THBEN TV (K18),

Btk 438 H#EHC B W TIE, anchoring bony
callus DFRIEHE £ ¥, BERBOIRETH D, B,
KMWEF BT, anchoring bony callus i3 1¥ &
AETEBRER T -7z, FBIREE, HEE, B
FIEEACBESEETEDSNTED, bTplg,
HARE R S WCEERRRSTEAE L 72, Lae L, BASHER
CIEEEHOMIC, 2EBEL D EBRLCERELD
wERREFERED s (F19).

Bt 5 ~7 8 | $EEE, AR, HEE, BAEEE
SHEEE TS A TEBY, HEHEBEREEL &»
o7z, X, BEEW, LEEICERFEL W, Lal,
BASEER L TR BHMOBEREICE, BRI L D ORIGHE
DIREHTEH stz (20). ORI, safranin-
O THAPBENZEMIEL» o0,

B 1258 © FiKE F @ anchoring bony callus
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g;;’:ak»:, £astle Fapd i 2

Fig. 18. Histological findings of group B: three
weeks after operation. Insulated cartilage is seen
in fracture region and dyed by safranin-O.
Upper: H-E stain, Lower: Safranin-0 - fast
green stain.

Fig.19. Historogical finding of group B: four
weeks after operation. Fracture region is occupi-
ed with fibrous tissue. H-E stain.

RN s KL, B, Hel, FAEickTs
PRV RS L L, BiITE e AR
RERZE L7, ZORETIE, AL EEEHOM
WHSR BN OB, BRI CBR RS
RCERENTW, X, A, CRICIER L TILEH
CEEREIBED o (F21),

Fig. 20.

Histological findings of group B: six

weeks after operation. Fracture region is occupi-
ed with fibrous tissue but internal callus is
produced. H-E stain.

Fig. 21. Histological findings of group B: twelve

weeks after operation. Pseudoarthrosis is produc-
ed. Fracuture region is occupied with fibrous
tissue and bone marrow is closed by internal
callus. Upper: H-E stain, Lower: Safranin-Q-
fast green stain.
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HO%BEEHE LVEELE LN TV, 5, K
B 2 47 2 R OTREE OMLINAIEIC & < KB (A, B,
CH) R, BES L MFE & OBRERAL LR
L0, ROMEAC > EEREMAI,
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BELERL, DHEEE RO I D CHEF SRR
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BTERLLES, BRER OEP0 %57,
X, MO EE b iR < 2:BE TRAD 70% £ T
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28, REREBIFRERAIAE, TITRBIAR, ABREEINRG &
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Th, ZASIZEDMmFEsRIN, X, ZOFEIMT
M RET S 2 L ic kb, TROMmMKSES
LTk bDEBbRS, LrL, BEORKZ, KR
FIRCINZ T, RBEEIREEREEESIROEMLT
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Abstract

Two step ligation models in rabbits were prepared to examine the relationship between
fracture healing and blood flow under ischemic conditions: in the group A, one side of the
femoral artery and in the Group B, femoral and common iliac arteries were ligated on one side
respectively, Immediately after the ligation, each rabbit was intentionally fractured in the
ipsilateral side of the fibula. The union of fracture was studied radiographically and micros-
copically and the blood flow was measured by impedance plethysmography.

The results obtained were compared with those in the contralateral lower leg that was not
ligated. In the group A, the blood flow decreased to 20% immediately after ligation but it
increased up to 50% after one week, 70% after two weeks, and remained at a blood flow of
about 80% thereafter. Radiographical and microscopical differences between the group A and
the control group were not observed, In the group B, however, the blood flow decreased to
almost zero immediately after ligation, and then increased to only 10% after one week, 30%
after two weeks, 50% after five weeks and remained at a blood flow of about 60% thereafter.
In the group B, the union of fracture could not be completed successfully and pseudoarthrosis
was produced.

The following were concluded: the fracture healing could not be completed successfully
when the local blood flow decreased to less than 50%, compared with normal side during two to
five weeks after the fracture in which the callus formation was energetical. The successful
fracture healing was completed when more than 70% of the blood flow were maintained during
that period.



