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Morphometric Study on Regeneration of Vascularized Nerve Graft
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Department of Plastic and Reconstructtive Surgery, Yonsei University College of Medicine,
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Adequate vascularization is pivotally essential for a successful nerve graft. Theoretically, the
immediate vascularization will inhibit fibroblast infiltration and stimulate nerve cell regeneration.
In this study, histomorphological and electrophysiological studies were performed to determine if

vas

cularized grafts are functionally superior. In rat model, a 4cm segment of the sciatic nerve was

obtained and placed as a nonvascularized graft on one side, and as a vascularized graft connected

to tl
the

he inferior gluteal vessels on the opposite side. To determine the compound action potential of
gastrocnemius muscle, electromyography was done after 2, 3 and 4 months. Histomorphologi-

cally, the distribution of myelinated nerve fibers and Schwann cell were evaluated after toluidine
blue staining, The following resutls were obtained:

1.

The electrophysiological studies showed no difference between the nonvascularized and vas-
cularized grafts.

2. Two and three months after grafting, myelinated nerve fibers were more abundant in the vas-

cularized proximal, middle and distal areas in all nerve fibers of varying diameters.

3. In the post-nonvascularized graft 2-month group, a few myelinated nerve fibers were present

in the proximal and middle areas, but none distally. In the post-vascularized graft 2 month
group, myelinated nerve fibers ranging 2-8um were present in all three areas.

4. In the post-nonvascularized graft 3 month group, a few myelinated nerve fibers ranging in 2-

6um were present in all three areas, but in the post-vascularized graft 3 month group, many
myelinated nerve fibers ranging in 2-10um were present in all three areas.

5. In the post-graft 4-month group, more myelinated nerve fibers were present in all three areas

of the vascularized grafts. However, nerve fibers of less than 2um in diameter were more
abundant in the nonvascularized grafts.



6. Schwann cells were more abundant in the proximal, middle and distal areas of the post-vascu-

larized 2, 3 and 4-month grafts.

Based on these findings, the immediate restoration of circulation in vascularized nerve grafts
allows for the increased number of surviving Schwann cells, rapid healing of the axon and myelin
sheath changes which occur during Wallerian degeneration, and thus is able to stimulate a mor-

phologically optimal regeneration.
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CASE Latency(ms) Amplitude(mV)
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SD 0.34 3.7
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Table 2. 34 #2479 27 e FFUEH X
FFANBeH 34 #2247
71/10,000m? 1 2 3 4 5 ‘mean % SD
0- 2um 8 12 16 16 8 12 7% 4.0
2- 4m 44 24 72 32 24 39 - 23% 20.1
4~ 6ym 48 44 40 40 48 44 26% 4.0
6- 8um 24 32 20 28 32 27 16% 5.2
8-10um 20 12 16 20 20 18 10% 3.6
10-12um 16 8 16 20 16 15 9% 44
12-14m 4 4 8 6 12 7 4% 33
14-16m 4 4 4 4 8 5 3% 1.8
16-18m 2 4 3 1 4 3 2% 1.3
Total 170 144 195 167 172 170 100% 18.1
Nucleus 10 12 16 18 28 17 7.0
H 18m7iA] EEHo] UYL
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Table 3. 17012 ¥ A A7 f5444 42
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437 #2014 B3zlo|4

MY, 9% 1 2 3 4 5 #Ha@ SD 1 2 3 4 5 @& Sb p
2P 51 33 36 29 33 36 85 98 96 94 110 96 99 64 0.0003
2M 11 8 23 29 34 21 112 88 100 98 108 94 98 74 0.0001
2D 7 12 6 9 5 8 28 92 64 78 88 98 84 133 0.0004
3p 88 80 78 90 66 80 95 156 172 169 163 170 166 6.5 0.0002
3M 68 66 59 47 67 61 88 69 91 90 84 71 81 104 0.0539
3D 20 22 28 20 32 24 54 57 45 38 71 51 52 126 0.0178
4P 111 129 120 135 117 122 9.6 139 157 166 152 135 150 12.8 0.0063
4M 8 76 90 102 103 92 1lL.1 144 134 127 138 143 137 7.0 0.0007
4D 64 92 73 94 105 86 167 70 82 99 108 130 98 233 0.1412

A7ely 2, 3, 44Y F B olAT e AN 2UY, TN, A% 2T IA) %-’Ml’éﬁ% BB

SITHADE A& RE Tl X0.05).
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Table 4. 27014 249 ¥ AME F5A4% 22 va
Q7014 oAg, 2% F4A74 K (1/10, 000u)
PERE Yayzjoly

A7 p
1 2 3 4 5 =g % SO 1 2 3 4 5 m3F % SD

2um 20 8 4 6 10 10 27% 62 32 28 28 26 20 27 27% 4.4 0.0029

4um 14 16 12 12 10 13 36% 2.3 40 38 30 40 40 38 38% 43 0.0003

6um 10 4 16 6 8 9 2% 46 18 18 24 20 12 18 19% 43 00078

8um 6 3 4 4 2 4 11% 1.5 8 4 8 12 12 9 9% 3.3 0.0447
0ym 1 2 1 2 1 3% 0.6 4 4 8 8 5 5% 23 0.0820
12pm’ 1 4 4 4 2 2%

3 51 33 36 29 33 36 101% 835 98 96 94 110 9% 99 100% 6.4 0.0003
3 22 18 24 28 22 23 . 3.6 38 30 36 40 48 38 6.5 0.0045
27014 209, 0% /517379 (71/10, 000m’)

Feloly gesjold

47 4
1 2 3 4 5 wHA % SD 1 2 3 4 5 =g %o SD
2um 4 2 6 6 8 5 25% 2.3 20 24 20 28 20 22 23% 3.6 0.0011
4um 2 3 10 12 18 9 - 43% 6.6 40 48 38 40 38 41 2% 4.1 00019
6um 4 1 5 8§ 6 5 23% 2.6 28 20 28 32 24 26 27% 4.6 0.0001
8m 1 2 2 3 2 2 10% 07 8 8 4 8 6 6% 2.0 00320
10um 4 4 4 2 2%

L3 11 8 23 29 34 21 100% 112 88 100 98 108 94 98 100% 7.4 0.0001
L] 11 22 23 19 24 20 53 32 38 30 42 34 35 48 0.0075
7014 2HY, 9% F5AA4 & (H/10,000um)

frelol4 ) g3hslo] _
A7 14
1 2 3 4 5 HA % SD 1 2 3 4 5 = % SD

2um 3 4 2 3 2 3 35% 0.8 44 32 40 48 48 42 50% 6.7 0.0003
4pm 2 3 3 4 2 3 35% 08 36 24 30 28 40 32 38% 6.4 0.0008
6pm 1 3 I 2 1 2 20% 0.9 12 4 8 8 10 8 10% 3.0 0.0157
8pm 1 2 1 8% 0.7 4 4 2 2% .

L 7 12 6 9 5 8 98% 28 92 64 78 88 98 84 100% 133 0.0004
| 24 20 10 8 11 15 7 21 24 30 34 24 27 5.3 - 0.0840
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Fig. 10. 2174 271€ ¥ A7l el 4T 2HRE.
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Table 5. 11730]4] 37049 ¥ AYE FrFd8d % X vl
Aoy 34d, 272 fFa7dAd #(1/10, 000m’)
el gYstoly
1 2 3 4 5 =g % SO 1 2 3 4 5 BF % SD

2um 24 22 28 24 32 26 33% 40 56 60 64 60 58 60 36% 3.0 0.0001
4um 32 30 30 36 20 30 37% 59 60 64 68 62 68 . 64 39% 3.6 0.0009
6um 28 26 20 29 14 23 29% 6.3 28 32 24 30 32 29 18% 33 0.1471

8um 4 2 1 1 2% 1.5 12 16 12 8 10 12 7% 3.0 0.0475
10pm 1 3 2 1 1% 1.0
Ly 88 80 78 90 66 80 101% 9.5 156 172 169 163 170 166 100% 6.5 0.0002
] i5 14 12 10 11 12 2.1 28 29 31 30 32 30 1.6 0.0003

A7elA Y, FEe FPA734%(1/10,000m’)

felol 4 EREDE
A% P
1 2 3 4 5 =T % SD 1 2 3 4 5 #HE % SD
2um 14 10 18 16 16 15 24% 3.0 14 16 18 20 24 18 23% 3.8 0.0876
4um 34 28 24 20 32 28 45% 5.7 20 30 32 34 28 29 36% 54 0.8164

6um 9 12 8 4 10 9 14% 3.0 20 28 20 18 10 19 24% 64 0.0190
S8um 4 8 5 5 S 9% 1.5 6 8§ 10 5 5 7 8% 22 0.2262
Oym 5 5 3 2 3 4 6% 1.3 6 5 8 4 3 5 6% 1.9 0.1596

2um 2 3 I 1 1 2% 1.0 3 04 2 3 1 3 3% 1.1 0.0577
ks 68 66 59 47 67 61 101% 88 69 91 90 84 71 81 100% 104 0.0539

2 16 15 15 14 12 14 1.5 23 24 26 20 21 23 2.4 0.0006

A7el4 34, D918 G344 (/10,000

felo)y Bagzjol4
47 P
1 2 3 4 5 HFE % SD 1 2 3 4 5 =HF Yo SD
2um 8 10 12 8 11 10 41 % 1.8 11 8 10 12 14 1 21% 22 04144
4um 9 11 14 10 16 12 50% 2.9 23 24 15 26 20 22 42% 43 0.0321
6um 2 1 2 2 3 2 8% 0.7 18 8 10 28 12 15 29% 8.1 0.0209
Sum 1 1 3% 0.7 4 3 2 3 4 3 6% 0.8 0.1257

10um I 2 1 2 1 1 3% 0.5
by 20 22 28 20 32 24 102% 54 57 45 38 71 51 52 101% 12.6 0.0178

g i 12 10 12 13 12 1.1 16 17 18 20 22 19 24 0.0011

AZolA AL F ARe)AH BAY, FAR, 9170 ARY FFARAFE A0l BAglel BB TN B
4 Bk $2 4% 2-6m 4 AfEIdh
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Ae 230 gty AF6) AL FF3a e
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Ho} A48 @428 (demyelination) & F383L
ARA o2 AFZE (remyelination) & X3
A&3 22t axon) ol AL A=Y Bi o
AZRAN 2] AFAE A& Fu AAHfe
A&F JAL 2L & AP,
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© FAAAY HAol A HE FAHAF HA
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Fig. 12. 47014 349 ¥ A0 FAG A TR,
A2 gz 2 golAFe TR, IR, 49%, = 9= 3H Y3 oAz 2, T8N, €9
B grNANSE A7 BAgle]l Szl TolN G} BRI F2 AA 26w AL ARSI
Schwann® AE 9] da3} o]l F 34 o Bttt (Toluidine blue 94, X2,000).
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Table 6. 217014 47149 ¥ AQE F5AEEH 22 vn

A7l 4AY, 2% F51AAH A (71/10, 000um?)

Feloly gz}l
27 P
1 2 3 4 5 =7 % SD 1 2 3 4 5 HF % SD
2um 20 24 18 28 22 22 18% 3.8 12 16 18 14 12 14 10% 2.6 00247
4um 28 32 30 36 34 32 2% 32 40 44 46 40 38 42 28% 33 00161
6um 36 40 42 48 42 42 34% 43 40 48 52 49 42 46  31% 5.0 0.0766
8um 16 20 24 20 15 19 16% 3.6 24 26 25 28 22 25 17% 22 00100
10yum 4 8 4 2 3 4 3% 23 g8 10 9 6 10 9 6% 1.7 0.0056
12pm 4 4 1 2 1% 1.7 4 6 7 5 5 5 4% 1.1 02254
4pm 3 1T 2 1 1 1% 1.0 4 4 5 4 3 4 3% 0.7 00154
16pm 4 2 3 3 2 32% 08
18um ‘ 3 1 ] 3 1 2 1% 1.1
L3 111 129 120 135 117 122 100% 9.6 139 157 166 152 135 150 100% 12.8 0.0063
L] 14 12 18 16 15 IS 22 26 36 38 42 4 37 7 0.0016
ARely 4744, FRe) F5207234F(1/10, 000m)
: #2ol4 g slo]y
A7 p
1 2 3 4 5 HzF % SD 1 2 3 4 5 ®E % SD
2um 16 14 17 25 20 18 20% 4.3 10 8 12 18 18 13 10% 46 0.0038
4um 24 20 25 28 26 25 27% 3.0 38 40 30 32 38 36 26% 43 00207
6um 28 27 30 32 34 30 -33% 29 44 45 43 48 40 44 32% 29 0.0028
8um 8 9 6 11 14 10 10% 3.0 20 20 18 24 24 21 15% 2.7 0.0000
Oym 4 3 5 3 6 4 5% 1.3 4 5 & 6 9 6 5% 2.1 0.0196
12um 4 2 4 2 3 3 3% 1.0 8 7 6 5 6 6 5% 1.1 0.0026
144ym 4 1 3 1 2 2% 1.5 8 4 5 3 4 5 4% 1.9 0.0105
16pm 8 2 3 1 2 3 2% 2.8
18um 4 3 2 1 2 2 2% 1.1
kg 88 76 90 102 103 92 100% 11.1 144 134 127 138 143 137 100% 7.0 0.0007
& 5 8 9 11 6 8 24 16 18 22 16 17 18 2.5 0.0017
7ol 4, A9Fel {774+ (1/10, 000um’)
#0914 EKEME]
273 p
1 2 3 4 5 3BA % SD 1 2 3 4 5 #HF % SD
2um 18 22 20 25 28 23 26% 4.0 8 10 12 18 28 15 16% 8.1 0.0222
4um 20 24 20 26 26 23 27% 30 18 20 24 30 26 24 24% 4.8 0.8149
6um 18 25 18 28 30 24 28% 5.6 10 18 25 30 34 23 24% 9.6 0.9007
8m 4 8 6 10 15 9 10% 4.2 10 10 18 14 16 14 14% 3.6 0.0623
Wpym 3 6 4 3 5 4 5% 1.3 8 10 8 7 12 9 9% 2.0 0.0012
12um 1 4 3 1 1 2 2% 1.4 g8 9 6 5 8 7 7% 1.6 0.0029
14pm 302 1 1 1% 1.0 4 3 4 3 4 4 4% 05 0.1835
16um - ‘ 4 2 2 1 2 2 2% 1.1
ki3 64 92 73 94 105 8 100% 167 70 82 99 108 130 98 100% 233 0.1412
L] 24 28 22 20 30 25 4.1 34 38 30 36 40 36 3.8 0.0013

A7olH 4L F AW 2AY, XY, DAY A FPAAFE TRl T A%,

Fay, A9
2R WRed (0.01) A7 2m iR} e HFAAAREE 93 FAIATANA Gkh(K0.05).
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Fig. 14. 417014 419 ¥ 470)4e) 94¢ 2488,
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Table 7. 2170]4] % 2704 Schwann¥ A X8| BX vm

A o4 2, 3, 4708 F #9 x4 (R/10, 000um?)

& (1) Feoly gggtoly
/10,000¢m* 1 2 3 4 5 #Hi SD 1 2 3 4 5 #HA#E SD P

2P 22 18 24 28 22 23 36 38 30 36 40 48 38 6.5 0.0045
2M 11 22 23 19 24 20 53 32 38 30 42 34 35 48 0.0075
2D 24 20 10 8 1 15 7.0 21 24 30 34 24 27 53 0.0840
3P 15 14 12 10 11 12 21 28 29 31 30 32 30 16 0.0003
3M 16 15 15 14 12 14 15 23 24 26 20 21 23 24 0.0006
3D 1 12 10 12 13 12 L1 16 17 18 20 22 19 24 0.0011
4P 14 12 18 16 15 15 22 26 36 38 42 44 37 70 0.0016
4aM 5 8 9 11 6 8 24 16 18 22 16 17 18 25 0.0017
4D 24 28 22 20 30 25 41 3 38 30 36 40 36 338 0.0013

A7l 2, 3, 44Y T AZolAH IHK, FHE, A 10,000m” Wl dehn She AL Ryl vig &
g3 ol oA F4 o Bk @Y LARE ALstx p0.01).
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