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Marrow by electrochemically Generated
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Fig.1. Set-up for local generation and measure-
ment of hydrogen.
I : circuit for the generation of hydrogen pulses.
I : polarographic circuit for the measurement of
PHQ.
A : generating electrode.
B : measuring electrode.
M.P.: measuring probe.
R.E.: reference electrode.
Pt-Black : platinum black.
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Fig.2. Schematic presentation of the bipolar
electrode,
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Fig.3. Composite graph of the [H,] concentration
versus time plotted on semilog paper.
(A) : diffusion without flow.
(B) : diffusion with flow.
T¢: half-time of decay taken from the hydrogen
washout curve (B).
Ty : half-time of decay taken from the hydrogen
washout curve (A).
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Fig.4. Calculation method for blood flow on bi-
exponential curve,
(T112); - half-time of decay for fast component in
bi-exponential curve.
(T\s2)s : half-time of decay for slow component in
bi-exponential curve.
I; : scales for intersecting point of the straight
line of the fast component and logarithm scale.
Is: scales for intersecting point of the straight
line of the slow component and logarithm scale.
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Fig.5. Measuring method of blood flow.
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Fig.6. Measurement of local blood flow by the
electrochemically generated hydrogen clearance
method,

Upper : grafted fibula with normal flow.
Middle : grafted fibula without flow.
Lower : after the surgery.
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BROMMEL, RL4DI IS TLETLAECL
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Table 1. Blood flow values determined by the electrochemically generated
hydrogen clearance method and the hydrogen washout technique
local blood flow (ml/min/100ml)

No. g;%regzgg%ﬁgggﬁfem;ngﬁ?géated the hydrogen washout technique
1 51.0* 57.8
2 20.8* 17.3
3 42.0" 35.5
4 21.0* 29.5
5 15.7* 24.4 (F.: 132, S.: 20.4)*
6 20.3* 16.0 (F.: 77, S.: 9.6)*
7 28.9* 33.0
8 18.5* 14.3 (F.: 121, S.: 10.7)*
9 28.9* 27.7

10 20.9” 21.3

11 25.4* 30.1

12 28.2* 21.4

13 24.5* 21.3

14 30.2* 30.7 (F.: 66, S.: 14.6)*
15 19.8 15.3

16 33.8* 30.8

17 56.8" 43.8

18 45,5” 36.8

19 17.4* 23.1

20 57.7* 59.4 (F.: 208, S.: 46.2)*

mean+S.D. 30.37%13.22 29.48%12.65

* : bi-exponential curve
F.: fast component in bi-exponential curve
S.: slow component in bi-exponential curve
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Fig.7. Relationship of local flood flow between
the hydrogen washout technique (x) and the
electrochemically generated hydrogen clearance
method (y).

Regression Line
y=0.9352x +2.8055 r=0.895
(N=20, P<0.05)
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BHOTENLT 20, ZOERMAEIITHETFORE
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BITIEE - Ty,

II. BRAMKXKERS V75 HEOFE

INETOREZAHAONZBHOMFER, £50
< TH 5. Semb®, McElfresh and Kelly 59D
SHERAMTTHR AR L EE SO MTE X, White-
side', ABESWORARKFZZ VT 5 v AKICL 3
BEEHOMME AL 2D EEEZRL TGS,
Whiteside', B S 958, IRARKEZ V75 v Ak

Table 2. Variations of local blood flow and blood flow values

local blood flow (ml/min/100mI)

No. A B B x1000%) C
1 25.4 4.6 18.1 25.4
2 52.5 7.0 13.3 52.5
3 33.2 6.0 18.1 33.2
4 46.2 13.0 28.1 31.8
5 28.7 1.6 5.6 28.7
6 37.1 8.4 22.6 37.1
7 3.1 3.0 8.5 19.8
8 24.5 0.0 0.0 24.5
9 30.2 9.6 31.8 30.2
10 19.8 3.8 19.2 19.8
1 33.8 0.0 0.0 33.8
12 33.0 10.2 30.9 33.0
13 56.8 19.1 33.6 56.8
14 45.5 0.0 0.0 16.7
15 17.4 0.0 0.0 17.4
16 52.0 10.9 21.0 52.0
17 57.7 7.5 13.0 57.7
18 2.8 0.0 0.0 26.8
mean+S.D. 36.4%12.2 5.855.2 14.7+12.0 32.3413.0

A': Before clipping the femoral artery
B: After clipping the femoral artery
C: After reopening the femoral artery
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Table 3. Local blood flow of the free vascularized grafted fibula during and after

operation in 3 patients

local blood flow (ml/min/100ml)

conditions case 1. case 2. case 3.
el pedicle uA W 63.8 o1.4 100.6
;rﬁg?g:(t)esﬂe}; after the vascular 144.8 66.7 55.0
one day after the surgery 94.7 145.7 55.0
twe days after the surgery 66.7 55.0
three days after the surgery 106.1 66.7 64.9
four days after the surgery 74.2 0
seven days after the surgery 98.7 92.7 0
ten days after the surgery 73.7 148.2
twelve days after the surgery 153.3 0
fourteen days after the surgery 113.5

Table 4. List of various methods of determination previously reported

Author

Method

Cumming and Nutt (1962)
Tateishi (1964)

Brookes (1967)

Lunde and Michelsen (1970)
Semb (1971)

Tto et al. (1972)

McElfresh and Kelly (1974)
Whiteside et al. (1977)
Szabo (1978)

Naito et al (1981)

Venous Effluent Collection
Heated Thermocouple

51Cr Clearance

Microspheres

133Xe, 1311.AP Clearance
113m[n.EDTA, 133Xe Clearance
1251.AP Washout

Hydrogen Washout

Hydrogen Washout

Hydrogen Washout

Table 5. Blood flow values in the tibial bone marrow reported in the literatures
Author Animal Method ( m]/brlnoi?lc/llggxl)

Semb (1971) Dog 183X e, BI.AP Clearance 8.9
McElfresh and Kelly (1974) Dog 125].AP Clearance 6.7
Whiteside et al. (1977) Rabbit Hydrogen Washout 33 (M

104 (F)

27 (5™
Naito et al. (1981) Rabbit Hydrogen Washout gg EIP\‘/I*:))

20 (5™

M*: mono-exponential curve

F**. fast component in bi-exponential curve
S***: slow component in bi-exponential curve
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Abstract

Experiments were performed to determine whether or not the local blood flow in bone
marrow could be measured using the electrochemically generated hydrogen clearance method.
The local blood flow in the bone marrow of a rabbit tibia obtained by this method was 30.4+
13.2ml/min/100ml (n=20), and that from the inhaled hydrogen clearance method was 29.5+
12.7ml/min/100ml (n=20). The values obtained by both methods were correlated with each
other (r=0.895, P<0.05 , Student’s t-test). The electrochemically generated hydrogen clearance
method also showed accurately the variations of the blood flow with ligation of the femoral
artery. The blood flow in three clinical cases, which were treated by free vascularized fibula
graft, were periodically and repeatedly measured by this method. As a result. the measured
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values agreed well with the clinical findings, including the color of the buoy flap, and the
obstruction of the blood flow in one case could be predicted. Therefore, this method can be
clinically applied to measure the blood flow in bone marrow in the field of orthopedic surgery.




