ARy et #1840 A1 3
J. of Korean Orthop. Assoc.
Vol. 18, No. 1, February, 1983

AAe) B2 Al B FhHH A7
AF A FYH
o 3 o
= Abstract =
A Histological Study of Peripheral Nerve Regeneration in Rats

Chang 11 Park, M.D.
Department of Orthopedic, Chon-ju Presbyterian Medical Center, Chon-ju, Korea

Peripheral nerves of rats were experimentally injured and the regeneration rates were studied in motor nerve,
mixed never, and sensory nerve by measuring the axon diameters and the myelin sheath thickness of the regenerating
nerves, at 30, 120 and 180 days after injury.

Hypoglossal nerve(motor), vagus nerve(mixed), and saphenous nerve(sensory) were exposed under the general
anesthesia with ether, and crush injury was produced with mosquito hemostat.

A comparison between proximal and distal stumps in the means of the axon diameter and the myelin sheath
thickness was done, and also relation between the axon diameter and the myelin sheath thickness in regenerating
nerves was studied.

A total of 27 rats (3 rats in each nerve group) and 11,638 nerve fibers were examined. Nerve fibers were fixed
in formaldehyde and glutaraldehyde(pH. 7.4) and glutaraldehyde fixed tissues were post-fixed in 2% OsO,
solution. After fixation the tissues were dehydrated and embedded in Epon 812 and sectioned at approximately 14.

The sections were examined under the light microscope(250x) and micrographs were obtained.

The slides were made of the micrographs and were projected on a screen and magnified 20 times and the axon
diameters and the myelin sheath thickness were measured.

All data were analyzed by computer using SPSS package program. The results are as follows.

1. The relationship of the myelin sheath thickness to the axon diameter of the regenerating nerve fibers was

found to be non-linear.

2. The axon diameters and the myelin sheath thickness of the distal stump were smaller than those of the

proximal stump throughout the regeneration period.

3. The regenration rate of the axon in terms of the rapidity of regeneration from 30 to 180 days after injury

was in this order: the hypoglossal nerve, the vagus nerve, and the saphenous nerve.

4. The regeneration rate of the myelin sheath from 30 to 180 days after injury was the first hypoglossal nerve,

then the vagus nerve and finally the saphenous nerve, in that order.
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Fig. 1. A microscopic finding of hypoglossal-nerve,
180 days after injury.
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Fig. 2. A slide was projected onto cross lined screen
and the dark areas were selected for measuring axon
diameter and myelin sheath thickness.
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Table 1. Correlation coefficient between axon diameter and myelin sheath thickness

%) &= SPSS package program & o) £3}e] computer 2

Proximal stump

Distal stump

Days after
Nerve injury n . p n B °
Hypoglossal 30 829 0.5237 0.001 617 0.5598 0.001
120 665 0.5690 0.001 571 0.6939 0.001
180 669 0.5739 0.001 1114 0.6689 0.001
Vagus 30 796 0.7782 0.001 460 0.6231 0.001
120 622 0.6821 0.001 694 +0.7712 0.001
180 655 0.8397 0.001 593 0.6979 0.001
Saphenous 30 458 0.3926 0.001 582 0.7327 0.001
120 483 0.4736 0.001 520 0.5768 0.001
180 754 0.3899 0.001 556 0.3650 0.001

n: number of nerve fibers, r: correlation coefficient,

p: probability value

Table 2. A comparison between proximal and distal stump in axon diameter of hypoglossal nerves

fSize 30 days after injury 120 days after injury 180 days after injury
di ;)m:z;r(l #) Proximal Distal Proximal Distal Proximal Distal
n(%) n{%) n(%) (%) (%) n(%)
0.0- 1.0 o 0 o 0 o 0 2( 0) o 0 2 0
1.1- 2.0 1 0) 13( 2) o 0 2( 0 1 0) 1( 1
21- 3.0 91( 11) 96( 16) 31( 5) 61( 11) 11( 1) 104( 9)
31- 40 251( 29) 174( 29) 102( 15) 121( 21) 67( 10) 113( 10)
41- 5.0 263( 33) 194( 32) 182( 27) 102( 18) 147( 22) 173( 16)
51- 6.0 156( 19) 110( 18) 152( 23) 131( 24) 182( 28) 260( 23)
6.1- 7.0 47( 6) 21( 3) 109( 16) 95( 17) 151( 24) 229( 21)
7.1- 8.0 15( 2) (0 57( 9) 34( 6) 65( 10) 140( 13)
81- 9.0 4C 0) a 0 14( 2) 14( 2) 27C 4) 52( 5)
9.1- 10.0 1 0) W 0 10( 2) 8 1 10( 1) 21( 2)
10.1 - 11.0 o 0) 10 0 1 0 1C 0) 2( 0 o 0
11.1 - 12.0 5 1 o 0 3 0) o 0)
12.1 - 13.0 1 0 o 0 11( 0) 5 0)
13.1 - 14.0 o 0 o 0 2 0
14.1 - 15.0 W 0 o 0
15.1 - 16.0 1 0) o 0)
Total 829(100) 617(100) 665(100) 571(100) 669(100) 1114(100)

n: munber of axons
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Table 3. A comparison between proximal and distal stump in axon diameter of vagus nerves

Size 30 days after injury 120 days after injury 180 days after injury
f
di;m:xm(i.r(] &) Proximal Distal Proximal Distal Proximal Distal
n(%) n{%) n(%) n(%) n(%) (%)
0.0- 1.0 o 0) o 0 o 0 o¢ 0) o 0) o 0
1.1- 20 27( 3) 36( 0) 5 1) 700 4 1) 1 0)
21- 3.0 296( 38) 245( 53) 207( 33) 288( 41) 182( 27) 219( 37)
3.1- 4.0 236( 30) 133( 29) 205( 33) 208( 30) 143( 22) 231( 40)
41- 50 109( 14) 38( 8 64( 10) 96( 14) 93( 14) 78( 13)
51- 6.0 63( 8) 5 1) 54( 9) 54( 8) 45( 7) 37 6)
6.1- 7.0 32( 4) 31 47( 8) 27 4) 66( 10) 14 2)
7.1- 8.0 18( 2) o 0 28( 5) 12( 2) 57 9) 7 1)
8.1- 9.0 10 1) o 0 9 1 2( 0) 35( 5) 1 0
9.1- 10.0 2( 0) o 0) 1 0 o 0) 15( 2) 3 1
10.1 -11.0 2( 0) o 0) o 0 o 0 100 2) 2( »
11.1-12.0 1 0) 1 0 2( 0) of 0 5 1) o 0
Total 796(100) 460(100) 622(100) 694(100) 655(100) 593(100)
n: munber of axons
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Fig. 3. Myelin sheath thickness versus axon diameter
in distal stump of hypoglossal nerve, 180 days after injury.
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Fig. 5. Myelin sheath thickness versus axon diameter
in distal stump of saphenous nerve, 180 days after injury.
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Table 4. A comparison between proximal and distal stump in axon diameter of saphenous nerves

Size 30 days after injury 120 days after injury 180 days after injury
di:;,:f;r(lﬂ ) Proximal Distal Proximal Distal Proximal Distal
(%) n(%) n(%) n(%) n(%) n(%)

0.0_.2"- 1.0 o 0) o 0 1( 0) 0. 0 1 0) 1 0
LE- 2.0 1 0) 1 0 4 20 1 0) o 0)
21- 3.0 50( 11) 92( 16) 37 8) 62( 12) 54 7) 44( 8)
31- 4.0 130( 28) 189( 32) 98( 20) 154( 30) 96( 13) 108( 19)
4.1- 5.0 82( 18) 127( 22) 91( 19) 142( 27) 79( 10) 151( 27)
51- 6.0 86( 19) 78( 13) 92( 19) 129( 25) 131( 17) 165( 31)
61- 7.0 57( 12) 45( 8) 82( 17 29( 6) 166( 23) 56( 10)
7.1- 8.0 36( 8) 27( 5) 55( 11) 20 0 120( 16) 21( 4)
81- 9.0 10( 2) 13( 2) 18( 4) o 0) 74 10) 760 1
9.1- 10.0 31 5 1) 4 1) o 0) 15( 2) 1 0)
10.1 - 11.0 31 4 1 1 0) 0 0) 9 1 2 0)
11.1 - 12.0 o 0) 1 O 6( 1) o 0)
12.1 - 13.0 o 0) o 0
13.1 - 14.0 1( 0) o 0)
14.1 - 15.0 1( 0) o 0)
Total 458(100) 582(100) 483(100) 520(100) 754(100) 556(100)

n: munber of axons

Table 5. A comparison between proximal and distal stump in the mean of axon diameters

Days after Proximal stump ’ Distal stump
Nerve i Mean(u) + S.E. Mean(p) +S.E. P
Hypoglossal 30 4.39+0.04 4.18+0.05 0.001
120 5.3410.06 5.02+0.07 0.001
180 5.79+0.06 5.62+0.06 0.040
Vagus 30 3.7440.05 3.03+0.04 0.001
120 3.99+0.06 3.60+0.05 0.001
180 4.77+0.09 3.60+0.05 0.001
Saphenous 30 4.87+0.08 4.50+£0.07 0.001
120 5.2240.08 4.63£0.05 0.001
180 5.9940.07 4.874+0.06 0.001

S.E.: standard error,

P: probability value
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Table 6. A comparison between proximal and distal stump in the mean of myelin sheath thicknesses

Days after Proximal stump Distal stump
Nerve mury Mean(x) +S.E. Mean(¢)+S.E. P
Hypoglossal 30 0.80+0.005 0.08+0.008 0.050
120 1.02+0.008 0.93+0.008 0.001
180 1.25+0.170 1.2040.016 0.050
Vagus 30 0.84+0.009 0.71 +0.008 0.001
120 0.87 +0.090 0.71+£0.008 0.001
180 1.06 +0.019 0.79+0.008 0.001
Saphenous 30 0.90+0.014 0.87 +0.008 0.001
120 0.93+0.010 0.89+0.007 0.001
180 0.96 +0.009 0.94 +0.009 0.001

S.E.: standard error, P: probability value

Table 7. A comparison between hypoglossal, vagus and saphenous nerve in axonal regeneration rate of proximal
stump

Days after Hypoglossal Vagus Saphenous
injury Mean(#)+S.E.  Index(%) Mean/#)+S.E. Index(%) Mean()+S.E. Index(%)
30 4.39+0.04 100 3.74+0.05 100 4.87+0.08 100
120 5.34+0.06 122 3.9940.06 107 5.22+0.08 107
180 5.79+0.06 132 4.77+0.09 128 5.99 +0.09 123

S.E.: standard error

Table 8. A comparison between hypoglossal, vagus and sa>henous nerve in myelin sheath regeneration rate of
proximal stump

Days after ) Hypoglossal Vagus Saphenous o
injury Mean()+S.E.  Index(%) Mean()+S.E. Index(%) Mean()+S.E. Index(%)
30 0.80+0.005 100 0.84+0.009 100 0.901+0.014 100
120 1.02 4+ 0.008 128 0.87£0.090 104 0.9310.010 103
180 1.25+0.070 156 1.06+0.019 126 0.96 +0.009 107

S.E.: standard error

Table 9. A comparison between hypoglossal, vagus and saphenous nerve in axonal regeneration rate of distal stump

Days after Hypoglossal Vagus Saphenous

injury Mean()+S.E. Index(%) Mean()+S.E. Index(%) Mean()+S.E. Index(%)
30 4.18+0.05 100 3.03+0.04 100 4.50+0.07 100
120 5.0210.07 120 3.60+0.05 119 4.63+0.05 103
180 5.6240.06 134 3.60+0.05 119 4.8710.06 108

S.E.: standard error
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Table 10. A comparison between hypoglossal, vagus and saphenous nerve in myelin sheath regeneration rate of

distal stump

Days after Hypoglossal Vagus Saphenous
injury Mean()+S.E.  Indes(%) Mean()+S.E. Index(%) Meani)+S.E.  Index(%)
30 0.80+0.008 100 0.71+0.008 100 0.87+0.008 100
120 0.93+0.008 116 0.71+0.008 100 0.89+0.007 102
180 1.20+0.016 150 0.79+0.008 111 0.94 +0.009 108

S.E.: standard error
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