Experimental Studies on the Interneural
Circulatory Change of Peripheral Nerve after
Traction Injury -Measurement of the Local Blood
Flow by Electrochemically Generated Hydrogen
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Fig.1. Schematic diagram of the measurment of intraneural blood flow.
The blood flow was measured in a tibial nerve at the point of 4 cm distal
from the ischial tuberosity.

T., tibial nerve; F., fibular nerve; 1.T., ischial tuberosity ; G.C., gastro-
cunemius muscle ; M.P., measurment probe ; R.E,, reference electrode ; R.
B.F,, regional blood flow meter.
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Fig.2. Schematic presentation of the bipolar
electrode.
(A): longitudinal view.
(B): plain section.
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Fig.3. Photography of electrode and reference
electrode.
(A): Platinum iridium electrode.
(B): Ag/AgCl reference electrode.

Fig.4. Device of the measurment of blood flow.
Electrolytic regional blood flow meter (RBF-2).
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Fig.5. Schematic layout of traction device.
Traction was applied to the nerve by moving the
platform downward at a speed of fifty milli-
meters in a minute. (1) recorder; (2) strain-
gage; (3) wire; (4) pulley; (5) platform; (6)
adult rabbits of medium size, ranging from 2.0 to
4.0 kilograms in weight.
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Fig.6. A schematic drawing showing the sciatic
nerve with normal tension (A) and under increas:
ing tension (B).

The elongation of the nerve expressed as 4

percentage is ,A,bé:l;é?_ X100
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Fig.7. A typical stress strain curve made by the
traction device during gradual stretching of the
nerve up to complete rupture. The part of the
graph (A) is a almost straight line. At the limit
of elasticity (solid arrow) the tension decresed
suddenly. Further stretching continues with a
steadily diminishing tension (the part of the
graph (B)).
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Fig.8. Graphic representation of the correlation
between stretching distance and elongation of the
nerve. The vertical lines represent the standard
deviation, and the point on each vertical line
represents the mean elongation of the nerve for
that of stretching distance. The graph obtained
indicates a straight line relationship between
stretching distance and elongation of the nerve.
Regression line, Y=0.69X—0.18;

Correlation coefficient, r=0.987 (p<0.001)
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Fig.9. Correlation between elongation of the
nerve and reduction of blood flow in intrafuni-
culus. A strong correlationship can be observed.
Regression line, Y= —5.55X+120;
Correlation coefficient, r= —0.759 (p<0.01)

Table 1. Relationship between stretching distance and elongation rate of the nerve

N ab Aa ADb Elongation No ab Aa Ab Elongation

% (mm) (mm) (mm) (%) © (mm) (mm) (mm) (%)
1162 10 6.7 3.0 20 13.1

1126 408 2 12.7 8§ 130 4o 25 16.2
1.2 5 3.3 6.0 25 18.4

N 14.7 9 14 gy 3 258

3 12 LB B 302 10 130 5.0 30 19.2

¢ 18 D00 10 1 130 7.0 35 21.5

5 14 3% % 1.8 12 128 4.4 40 27.4

6 16 20 B )2t 13 116 12.0 25 18.6
4.7 10 4.5

TNz g5y g 8.6

ab, length of the sciatic nerve; A a,

change of the length at measuring point;

Ab, stretching distance; A, first trial; B, second trial.




RN M SRR BE ¥ 2§35t 605

ml/min/100 g T, MM EDMPEIL 32.6£7 4% £ T
AL (n=5).

9B LURI0KEBWT, EVRERD X oA
BENZN 21.48%, 17.18% L2 D, WEDYIFDE
RHHBERNIEBLWIERCREREEZRLL (p<
0.05). 27z, MBEHOMRERASL & UwE EETHE
SmitEORMY LI ZNFN 55.6£10.6% (n=5),

32.6+7.4% (n=5) THOVHEOMIIIEEDLE.
FHie (p<0.01). LAEX b, UMD M
BRMMEORAE, MRRADFHHRE LR THEE
WZHRTERBE RV Z e IR o7,

% %®
EFRIBHIEEE Y, RIEMERER L TRESA

Table 2. A comparison of the intrafunicular blood flow before and after tration

Tension Elongation Blood flow Blood flow Reduction of

No. before traction after traction blood flow
() %) (ml/min/100g)  (ml/min/100g) (%)
1 200 12 15.5 12.3 79
2 125 7 22.4 17.7 79
3 615 Rupture 20.8 14.2 68
4 90 8 16.5 12.1 73
5 555 20 17.2 0 0
6 200 17 15.5 12.2 79
7 520 16 14.6 0 0
8 110 12 20.8 12.5 60
9 550 Rupture 15.5 8.5 55
10 130 7 14.1 12 85
11 130 5.5 18.2 17.4 96
12 250 13 15.5 10.6 68
13 150 15 22.4 17.7 79
14 240 16 13.2 0 0
15 580 Rupture 16.5 6.5 39
16 160 13.3 17.2 9.6 56
17 240 11.7 13.2 5.6 42
18 105 10 18.5 12.9 70
19 210 10 17.1 9.6 56
20 270 14 13.4 2.9 22
21 240 16 20.9 7.2 34
22 30 6 18.5 9.3 50
23 75 9 25.1 18.5 74
24 460 18 18.2 0 0
25 165 14.5 18.5 8.6 46
26 330 17 25.6 4.5 18
27 260 15 16.2 4.1 25
28 570 Rupture 24.7 14.8 60
29 220 11 20.6 11.3 55
30 30 6 18.5 18.5 100
31 85 5 16.8 16.8 100
32 70 4 18.4 18.8 100
33 290 13 20.4 12.4 61
34 75 7 15.6 11.9 76
35 585 Rupture 19.2 10.8 56
36 95 7 13.8 11.4 82
37 130 10 21.4 12.8 60
38 280 12 17.8 10.0 56
39 120 6 20.8 20.6 99
40 120 5 21.4 21.2 99
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Table 3. A comparison of the subepineural blood flow before and after traction

Tension Elongation Blood flow Blood flow Reduction of
No. before traction after traction blood flow
(g) (%) (ml/min/100g) (ml/min/100g)
1 520 16 21.3 0 0
2 83 9 22.1 9.5 43
3 200 7 27.9 15.9 57
4 550 Rupture 21.3 6.39 30
5 240 12 54.3 16.3 30
6 94 10 20.1 12.9 64
7 320 11 40.4 8.4 21
8 65 7 31 26.2 84.2
9 80 3.5 18.8 18.4 98
10 105 4.6 25.6 10 39
11 70 8 27.6 14.1 51
12 95 7 25.8 17.5 67.8
13 225 13.6 43.7 4.8 10
14 125 10 40.1 16.2 40.4
15 105 4 18.8 19.2 100
16 120 10 33.8 5.7 16.9
17 540 Rupture 27.9 11.4 41
18 195 13 35 4.9 14
19 450 16 36.1 2.2 6
20 105 10 40.1 11.4 28.4
21 83 9 22.1 6.4 29
22 80 7 40 28.8 72
23 125 6 25.6 15.4 60
24 520 20 54.3 2 3.7
25 560 Rupture 52.8 11.5 22
26 540 Rupture 30.1 9.6 32
27 330 22 32. 0 0
28 140 6 31 24.8 80
29 530 Rupture 34 12.9 38
30 160 10 33.9 11 32.4
31 425 12 46 7.4 16
32 85 4.7 40.1 33.7 34
33 565 14 28.3 4.7 16.6
34 480 17 20.4 0 0
35 380 16 33.5 5.9 17
36 135 7 45.7 18.6 40.7
37 65 4.7 40.1 35.7 89
38 65 3 32.6 31 98
39 120 6.2 48.6 34.4 70
40 95 4 50.2 50.2 100
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Fig.10. Correlation between elongation of the
nerve and reduction of blood flow in subepineural
space. A strong correlationship can be observ-
ed.

Regression line, Y =—6.21X+103;
Correlation coefficient, r=—0.863 (p<0.01)
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Table 4. A comparison of the intrafunicular
diffusion transport before and after trac-
tion at cardiac arrest

Diffusion transport

Tension Elongation at cardiac arrest

No. (m!/min/100g)
(g) (%) traction traction
(-) (+)
1 50 4 23.5 23.9
2 73 4 26.7 26.9
3 83 6 30.8 31.2
4 90 7 33.4 48.6
5 94 7 13.5 21.0
6 116 9 23.3 24.3
7 120 10 42.1 43.8
8 122 10 29.4 25.9
9 135 10 38.5 43.3
10 150 11 91.3 101.6
11 190 12 13.5 17.3
12 195 13 24.8 38.5
13 236 13 23.5 25.0
14 290 13 14.0 17.3
15 220 14 28.3 30.8
16 150 15 8.8 12.6
17 180 16 27.2 32.6
18 236 16 25.9 30.2
19 240 16 11.2 21.8
20 ) 210 17_ ) 18.2 19.8
21 260 17 23.5 26.8
22 320 18 13.4 29.4
23 300 20 37.5 39.4
24 324 20 20.7 34.7
25 330 22 46.3 52.6
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Table 5. A comparison of the subepineural
diffusion transport before and after trac-
tion at cardiac arrest

Diffusion transport

Tension Elongation at cardiac arrest

No. (ml/min/100g)
(2 (%) traction traction

(=) (+)

1 30 5 17.2 17.4

2 60 6 24.8 26.2

3 180 9 32.2 32.2

4 150 10 16.5 17.2

5 200 10 14.7 15.4

6 210 10 27.7 32.2

7 210 11 15.9 15.4

8 220 11 16.2 17.4

9 164 12 31.9 34.7

10 180 12 15.3 16.4
11 240 12 45.2 45.2
12 160 13 24.2 26.9
13 270 14 13.9 16.1
14 280 14 19.8 18.1
15 265 15 14.8 14.2
16 290 15 14.4 15.3
17 225 16 23.1 26.2
18 235 16 25.2 27.5
19 240 16 21.9 24.7
20 240 17 10.9 16.5
21 330 17 11.0 13.1
22 260 18 18.2 20.2
23 320 20 16.5 16.8
24 330 20 17.6 20.6
25 340 22 15.2 18.3
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Abstract

The role of ischemia in the traction injury of peripheral nerve is still a subject of debate. An
experimental study was performed in order to clarify the changes in the intraneural micro-
circulation under stretching of the peripheral nerve. In the first series of experiments, thirteen
adult rabbits were used for the purpose of analysing the correlation between the stretching distance
and the elongation of the nerve by a specially designed traction device. In the second series, using
the sciatic nerves of eighty rabbits, the changes in intraneural blood flow under various stretchings

were investigated by the electrochemically generated hydrogen washout technique.

The results

based on the mean values obtained from the first series of experiments showed almost linear
correlation between stretching distance and elongation of the nerve(Y =0.69X —0.18,r=0.987, p<
0.001). The normal intrafunicular and subepineural blood flow were 18.2+ 3.5 (mean+S.D.) ml/
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min/100 g and 33.0+9.8 (mean=+S.D.) ml/min/100 g, respectively. A definite reduction of blood
flow was observed at an elongation of the nerve by 7 per cent in intrafuniculus and 5 per cent in
subepineural space. Furthermore, with increasing elongation, the blood flow was gradually
reduced in both intrafuniculus and subepineural space. A strong negative correlation was
observed between the reduction of blood flow and the elongation of the nerve. Blood flow in
intrafuniculus was kept to more than 50 per cent of normal blood flow below 10 per cent
elongation of the nerve ; on the other hand, in subepineural space it was reduced below 50 per cent
at about 8 per cent elongation. Furthermore, when the nerve was ruptured, intrafunicular blood
flow remained at an average of 56 per cent of normal, while subepineural blood flow was reduced
to 35 per cent of normal. It was concluded from the results that the influence of ischemia by
stretching injury of the peripheral nerve was less in intrafunicular blood flow than in subepineural
blood flow.




