Experimental Studies on Hyperthermal Injuries of
the Peripheral Nerves
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Fig. 1. Block diagram of the heat controller. The
temperature of the rod heater is controlled by
proportional currents.
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Fig. 2. Longitudinal section of a heated area 2 days after hyperthermal injury at 55°C
for one minute. The degenerated axons show twisting and fragmentation which is
different from ordinary Wallerian degeneration. The left side of the following
longitudinal sections is the proximal side of the nerve. Silver-impregnated stain, x
160.
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Fig.3. Longitudinal section of the distal area one week after hyperthermal injury at
55°C for one minute. A large amount of axon debris due to Wallerian degeneration
is seen. Silver-impregnated stain, X 160.
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Fig. 4. Longitudinal section of a heated area 4 weeks after hyperthermal injury at
55°C for one minute. The regenerating axons pass through the heated area in an
ordinary fashion. Silver-impregnated stain, X 63.
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Fig.5. Longitudinal section of a heated area 4 weeks after hyperthermal injury at
55°C for 10 minutes. Disordered running of the regenerating axons is seen at the
center of the heated area. Silver-impregnated stain, X63.

Fig. 6. Longitudinal section of a heated area 2 days after hyperthermal injury at 85°C
for one minute. The degenerating axons exhibit a rugged outline and fragmenta-
tion which is different from ordinary Wallerian degeneration. Silver-impregnated
stain, X 160.
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Fig. 7. Longitudinal section of a heated area 4 weeks after hyperthermal injury at
85°C for one minute. The necrotic focus still remains at the heated area and acts
as a barrier to the regenerating axons. Silver-impregnated stain, X40.

Fig.8. Longitudinal section of a heated area 6 weeks after hyperthermal injury at
85°C for one minute. At the margin of the nerve, some regenerating axons not only
pass through the heated area but also penetrate the perineurium. Silver-impregnat-
ed stain, X160.
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the distal end of the nerve 6 weeks after hyperthermal

injury at 85°C for one minute. Only a few regenerating axons reach the distal end
of the nerve. Silver-impregnated stain, X 160.




Fig. 10. Longitudinal section of a heated area 6 weeks after hyperthermal injury at
85°C for 3 minutes. Necrotic tissue remains at the center of the heated area and
acts as a barrier to regeneration. Silver-impregnated stain, X63.

Fig.11. Sciatic nerve one week after hyperthermal injury at 85°C for 10 minutes.
Rupture of the nerve trunk is seen at the heated area.
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Fig. 12. Schematic illustration of the course of degeneration and regeneration of peripheral nerves
after hyperthermal injury. In the groups heated at 55°C, the regenerating axons extend to the
periphery in a short time by passing through the heated area. In the groups heated for 1 and 3
minutes at 85°C, only a few regenerating axons pass through the heated area. In the group heated
for 10 minutes at 85°C, rupture of the nerve trunk is occured.

Fig.13. Longitudinal section of a heated area 2 days after hyperthermal injury at
55°C for one minute. Most of the altered nuclei show pyknosis and the bluish
degenerated axons are seen in the endoneurial tubes. Hematoxylin-eosin stain, X
160,
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Fig. 14. Longitudinal section of the proximal border of a heated area one week after
hyperthermal injury at 55°C for one minute. Numerous Schwann cells and
macrophages have accumulated. Hematoxylin-eosin stain, X 160.

Fig.15. Longitudinal section of a heated area 4 weeks after hyperthermal injury at
55°C for one minute. The coagulated tissue has been completely absorbed and
regular Biingner’s bands have formed. Hematoxylin-eosin stain, x160.
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Fig.16. Longitudinal section of a heated area 4 weeks after hyperthermal injury at

55°C for 10 minutes. At the margin of the nerve, Biingner’s bands pass regularly
through the heated area, while at the center they run in a disorderly fashion.

Hematoxylin-eosin stain, X63.
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Fig.17. Transverse section of a heated area 4 weeks after hyperthermal injury at
85°C for one minute. Necrotic tissue still remains at center of the nerve fascicle,
and endoneurial tubes are seen only at the margin. Hematoxylin-eosin stain, X 100.
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Fig. 18. Longitudinal section of a heated area 4 weeks after hyperthermal injury at
85°C for 3 minutes. Extensive areas of necrotic tissue still remain in which the
endoneurial tubes are broken up. Few Schwann cells and macrophages are seen.
Hematoxylin-eosin stain, X40.
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Fig.19. Microangiogram one week after hyperthermal injury at 55°C
for one minute. One large extrinsic vessel is patent in the avascular

area.

Fig. 20. Microangiogram 4 weeks after hyperthermal injury at 55°C for one
minute. Adequate revascularization is seen at the heated area.
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Fig. 21. Microangiogram 4 weeks after hyperthermal injury at 55°C for 10 minutes. An extensive

avascular area is seen in the center of the heated area.
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Fig.22. Microangiogram 4 weeks after hyperthermal injury at 85°C for one minute. Many small
vessels are visible passing the perineurium close to an extensive avascular area. This avascular
area is wider than that formed by hyperthermal injury at 55°C for 10 minutes.
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Experimental Studies on Hyperthermal Injuries of the Peripheral Nerves
Takayoshi Honda, Department of Orthopaedic Surgery, School of Medicine, Kanazawa
University, Kanazawa 920 1J. Juzen Med. Soc., 96, 464 —481 (1987)
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Abstract

Heat is one of the causes of peripheral nerve injury, but few pathological studies have been
reported on hyperthermal injury to peripheral nerves. The histological changes occurring after
hyperthermal injury of the sciatic nerve were therefore studied in 120 rabbits. In the present
experiment, temperatures of 55°C and 85°C were applied to the nerve using a specially designed
heating apparatus. The width of the heated region was 5 mm and set heating times of 1, 3 and
10 minutes were employed. At 2 days, 1 week and 4 weeks after injury, the nerve specimens were
extracted and investigated histologically using hematoxylin-eosin, silver-impregnated staining and
micro-angiography. In the groups heated for 1 and 3 minutes at 55°C, coagulative necrosis in the
heated regions and Wallerian degeneration at the periphery were noted. The endoneurial tubes
were preserved and the regenerating axons extended to the periphery in a short time, passing
smoothly through the heated regions. In the group heated for 10 minutes at 55°C, a high degree
of extensive necrosis was noted in comparison with those in the groups heated for 1 and 3 minutes,
and neovascularization was delayed. With slight destruction of the endoneurial tubes, a slight
decrease in the number of regenerating axons were observed. In the groups heated for 1 and 3
minutes at 85°C, the necrosis in the center of the heated region was resistant to organization due
to desiccation. For this reason, the necrotic focus still remained 4 weeks after injury and none
of the regenerating axons extended to the periphery through the heated region. The state of nerve
regeneration in these groups was poor, although a few regenerating axons were observed at the
nerve periphery 6 weeks after injury. In the group heated for 10 minutes at 85°C, rupture of the
nerve trunks occurred at the heated region. It was concluded from this study that coagulative
necrosis and degeneration develop in peripheral nerves after hyperthermal injury, and that the
degree of injury becomes higher in proportion to the total amount of heat energy applied, with the
result that regeneration becomes unfavorable. The heating time rather than the temperature seems
to have the most influence on nerve regeneration after hyperthermal injury. Clinically, therefore,
in cases where peripheral nerves have been exposed to high temperatures of more than 85°C, any
possible regeneration should be disregarded and surgical treatment should be considered.



