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Summary. In the cutaneous nerves, unmyelinated nerve 
fibers outnumber the myelinated ones but are scarcely 
analyzed, especially at autopsy. This indifference toward 
the pathology of unmyelinated nerve fibers may be due 
to the necessity of electron microscopic analyses and, 
more importantly, the obscurity of pathological 
alteration of unmyelinated nerve fibers in aging as well 
as in peripheral nerve disorders. The aim of this article is 
to review (1) the normal appearance including post- 
mortem changes, (2) the age-related changes, and (3) the 
pathological alteration in various neuropathic and non- 
neuropathic conditions, of unmyelinated nerve fibers in 
the sural nerve. For the complete analyses of sural nerve, 
qualitative and quantitative estimation of unmyelinated 
nerve fibers in all specimens should be recommended 
and it sometimes has an important diagnostic value. 
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Introduction 

Unmyelinated nerve fibers are one of the cardinal 
constituents of sural nerve. They are about three to five 
times more numerous than myelinated nerve fibers and 
are considered to represent postganglionic sympathetic 
efferents as well as sensory afferents subserving such 
modalities as pain and temperature. However, they have 
been occasionally neglected in routine pathological 
examinations, especially at autopsy. The relative 
indifference toward the pathology of unmyelinated nerve 
fibers could be well explained by this: (i) electron 
microscopic investigation is necessary due to their tiny 
size; (ii) because unmyelinated nerve fibers are unevenly 
distributed in the endoneurium, a morphometric analysis 
is required to evaluate the quantitative change of 
unmyelinated fibers (densities); (iii) other than the 
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changes in the density and the diameter histogram, 
pathological changes of unmyelinated nerve fibers are 
rather obscure; and (iv) the knowledge about the 
postmortem changes in unmyelinated nerve fibers are 
still scanty. 

The aim of the present paper is to review the normal 
appearance, the age-related changes and the pathological 
alteration of unmyelinated nerve fibers in the sural 
nerve, the most frequently pathologically analyzed 
peripheral nerve and one of the most familiar structures 
for neurologists and neuropediatricians. 

Normal morphology of unmyelinated nerve fibers in 
sural nerve 

General morphology 

The diameter of unmyelinated nerve fibers in the 
sural nerve ranges from 0.1 to 3.0 p m .  Usually the 
diameter histogram shows a unimodal distribution, with 
the peak at 0.5-1.4 p m  (Kanda et al., 1991b). The peak 
diameter varies among papers, presumably due to the 
difference in fixatives and postmortem durations. 
Hypertonic fixatives (e.g. Karnovsky solution) cause the 
shrinkage of unmyelinated axons, resulting in the shift of 
peak diameter toward the smaller size (usually less than 
1.0 pm). Postmortem axonal changes include inflation of 
axons, and we found a significant relationship between 
the mode of frequency histogram of unmyelinated axon 
diameter and the time after death (Kanda et al., 1991b). 
Hence, if a subtle change like "axonal atrophy" of 
unmyelinated axons is required to be discussed, strict 
control of the content of fixatives and of the postmortem 
condition should be necessary. 

Unmyelinated fibers are not evenly distributed in the 
endoneurial space: usually they tend to form a cluster 
composed of 10 to 30 unmyelinated axons (Fig. 1). This 
is the main reason why multiple, randomly-taken EM 
photos are necessary to evaluate the changes of 
unmyelinated nerve fibers quantitatively. Some of these 
clusters are situated between large myelinated nerve 
fibers, but many of them are in close proximity to the 
cluster of small myelinated nerve fibers. Sometimes, 
























