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Morphological findings in sural nerves were related to nerve conduction in 12
patients with diabetic neuropathy, five with mainly sensory involvement, four with severe,
symme,trical sensory-motor polyneuropathy, and three with multiple mononeuropathy. All had
loss of large and small myelinated and of unmyelinated fibres, even early in the disease;
segmental remyelination was the most prominent myelin alteration in teased fibres, segmental
demyelination was found in only a few fibres. Axonal degeneration and Schwann cell damage
seem to proceed independently of each other. The relation between recorded conduction velocity
and that expected from the diameter of the largest fibres indicated that slowing of 20 to 30%
was due to causes other than fibre loss; a grossly diminished conduction velocity was caused
mainly by fibre loss. Electrophysiological findings in the sural nerve were largely representative
of findings in other nerves, though abnormalities were less marked in the median nerve. In half
the endoneurial vessels from diabetic neuropathy the perivascular space was thickened or contained more layers of basal laminae than normal. The same abnormalities were found in
one-quarter of the endoneurial vessels from other acquired neuropathies.
SUMMARY

The slowing in conduction which characterises
most sensory and motor nerves in diabetic neuropathy (Lamontagne and Buchthal, 1970) has been
considered to be due to segmental demyelination
(Gilliatt, 1966; Thomas and Lascelles, 1966; Chopra
et al., 1969). The use of electron microscopy and
teased fibre preparations have led to conflicting
results and explanations: is demyelination or
axonal loss the primary and main lesion, or does
each develop independently of the other?
To clarify this problem, we have quantitated
morphological findings in sural nerves and related
them to abnormalities in conduction in patients
with diabetic neuropathy.

years). In four patients the metabolic disturbance
poorly regulated.
Other manifestations of diabetes were retinopathy
(five patients), perforating ulcer of the leg (one
patient), or other trophic changes (two patients).
was severe and in three of these

Four patients had hypertension, and none had
signs of nephropathy or liver disease.
There was no evidence of other causes of the
neuropathy than diabetes. In seven patients neurological signs and symptoms preceded or coincided
with the diagnosis of diabetes mellitus. In five
patients signs and symptoms of neuropathy were
mainly sensory (diminished sensitivity to touch,
pinprick, and vibration), the only clinical motor
involvement being weakness and wasting of the
Patients
extensor digitorum brevis muscle. Four patients
had severe symmetrical weakness and wasting
Twelve consecutive patients with diabetes mellitus, mainly in distal muscles of the lower limbs in adabnormal glucose tolerance tests, and signs and dition to sensory impairment. In three patients
symptoms of neuropathy were examined (Table). weakness and wasting were localised to proximal
Near relatives of six patients had diabetes mel- or distal muscles of one leg; sensory impairment
litus. In lI the diabetes began in maturity (>40 was bilateral in two. In all patients ankle jerks
Address for reprint requests: Professor F. Buchthal, Laboratory of were absent or weak, knee jerks and tendon jerks
in the arms were absent as well, with the exClinical Neurophysiology, Rigshospitalet, Copenhagen, Denmark.
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ception of the five patients with mainly sensory
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Table Clinical data on 12 patients with diabetic neuropathy
Patient

Age
(yr)

Sex

Diabetes mellitus
Duration
Severity

Sensory neuropathy
M
98
58
14 years
124
51
F
recently
191
56
F
2 years
229
M
55
5 months
240
43
F
23 years
Symmetrical sensory-motor neuropathy
F
28
71
I year
166
F
51
5 years
1 year
67
F
198
228
M > 14 years
71
Multiple mononeuropathy
F
81
15 years
58
M
222
12 years
70
M
225
55
recently

Treatment

Sensory impairment
Feet
Hands

Weakness

severe
mild
mild
mild
severe

insulin
diet
diet
diet
insulin

I year
1j years
2 years
5 months
I year

+
+
+
+
+

+
0
0
0
+

none
none
none
none
none

severe

insulin
oral
diet
diet

6 months
2 years
1 year
14 years

+
-

0

prox. + dist.

+

oral
insulin
diet

6 months
1 year
8 months

mild
mild
mild
mild
severe

mild

involvement. All 12 patients complained of paraesthesia, and nine complained of severe pain in the
legs. The spinal fluid protein was normal.
Seven patients were re-examined one to eight
years after the first study. One of three patients
with severe sensory-motor involvement had improved and would be classified as mainly sensory
neuropathy at the second study; conduction
velocity was still severely slowed. The neuropathy
of the other six patients (two with symmetrical
sensory-motor, two with mainly sensory neuropathy, and two with multiple mononeuropathy)
had progressed slightly with respect to sensory
and improved in five with respect to motor impairment; they would still be classified as at the
first examination; conduction velocities were as
when the patients were first seen, and amplitudes
of the sensory potentials had diminished further.
In one patient with multiple mononeuropathy a
paralysis of the distal segment of the median
nerve had developed suddenly, simulating a
carpal tunnel syndrome, similar to the patient of
Gilliatt and Willison (1962). There was, however,
no pain.

Method
SENSORY AND MOTOR NERVE CONDUCTION

(Behse

and Buchthal, 1971).
Sensory conduction was determined along the
sural nerve (lateral malleolus to 120 mm proximal
to it or to the popliteal fossa), along the superficial peroneal nerve (from the superior retinaculum at the ankle to the capitulum fibulae),
along the saphenous nerve (from the medial
epicondyle to the inguinal ligament), along the
distal portion of the posterior tibial nerve (from
toe I to the medial malleolus), and along the
D

Duration
of neuropathy

+

+

distal
distal
distal

(+)
-V

0
0
0

left quadr.
left leg
left ant. tib.

+

distal segments of the median nerve (from digits
I and III to the wrist). Sensory nerve action
potentials which were less than 3 ,uV were recorded by electronic averaging of 500-2000
potentials (Buchthal and Rosenfalck, 1966).
Motor nerve conduction and distal and proximal
latencies were determined along the deep
peroneal, the femoral, the posterior tibial, and
the median nerves.
ELECTROMYOGRAPHY

Electromyography was performed in two to five
distal and proximal muscles in the lower and
upper limbs.
NERVE BIOPSY

Thirty millimetres of the sural nerve were removed in toto, just proximal to the lateral
malleolus, and fixed in 2% buffered isotonic
glutaraldehyde (36 h). For the preparation of
teased fibres, a 10 mm length was postfixed in 1%
buffered osmium tetroxide (4 h) and stored in
0.2 M sucrose. For light and electron microscopy
the specimen was post-fixed in 1% buffered
osmium tetroxide (2 h), dehydrated in graded
concentrations of ethanol and embedded in Epon
812 (Behse et al., 1974). Transverse sections
(3-5 jum thick) for light microscopy were stained
with 1% paraphenylene-diamine (Holliinder and
Vaaland, 1968), and ultrathin sections for electron
microscopy were stained with uranyl acetate and
lead citrate (Reynolds, 1963).
Light microscopy In each biopsy specimen the
transverse endoneurial area was measured, and
in an area of 0.4-0.6 mm2, sampled from all
fascicles, the total number and size distribution
of myelinated fibres and the number of groups of

J Neurol Neurosurg Psychiatry: first published as 10.1136/jnnp.40.11.1072 on 1 November 1977. Downloaded from http://jnnp.bmj.com/ on January 9, 2023 by guest.
Protected by copyright.

Nerve biopsy and conduction studies in diabetic neuropathy

three or more regenerating fibres ('clusters') were
determined (Behse et al., 1972, 1974).
Electron microscopy An area of 10 00020 000 jUm2, sampled from three different fascicles,
was analysed at a final magnification of X 10 00012 000. The incidence was determined of fibres
with abnormalities in the fine structure of the
axon or of the myelin sheath, of bands of
Bungner, and of onion-bulb formations. Unmyelinated fibres were identified by criteria described
elsewhere (Behse et al., 1975); their number and
size distribution, the incidence of degenerating
fibres, characterised by loss of axonal organelles,
and the number of Schwann cell subunits containing or devoid of unmyelinated fibres were
determined.
Finally, we measured the thickness of the perivascular space of the endoneurial vessels (final
magnification X10000-20000). To avoid errors
due to oblique sectioning, the smallest thickness
was measured from the outer membrane of the
endothelial cells to the outer concentric layer of
basal laminae. Measurements across the nuclear
region of pericytes were avoided. We did not
measure the thickness of the individual layer of
basal laminae (Bischoff, 1968).
Findings from electron microscopy were compared with those in six nerves from controls and,
with respect to endoneurial vessels, with findings
in nerves from 13 patients with other types of
acquired neuropathy.
Teased fibres In nine nerves 34 to 73 myelinated
fibres, more than 7 tm in diameter, were teased
in 60% glycerol (Vizoso and Young, 1948). The
incidence of the following abnormalities was determined from micrographs at a magnification of
X 160-200 for measurement of internodal length,
and of X800 for measurement of diameter
(Behse and Buchthal, 1977b): (a) segmental demyelination; (b) widening of the nodal gap to
more than 10 ,um and paranodal demyelination
over a length of up to 300 um; (c) fibres which
had internodes of normal length, containing some
internodes with an abnormally thin myelin sheath;
(d) segmental remyelination; two or more short,
often thinly myelinated segments between segments of normal length; (e) solitary intercalated
segments; (f) regenerated fibres-all internodal
segments were short (0.2-0.6 mm) and had a
disproportionately thick diameter.
OTHER TESTS

Glucose in blood and urine, glucose tolerance
test, liver function tests, and investigation of the
cerebrospinal fluid were performed by standard
techniques.

Friedrich Behse, Fritz Buchthal, and Frits Carlsen
Results
NERVE CONDUCTION

In 76% of 25 sensory nerves examined in the
lower extremities, and in 30% of 20 branches of
median nerves, conduction velocity was slowed.
In motor nerves slowing in conduction occurred
as often along the nerves of the lower as along
those of the upper extremities. Sensory conduction
velocity was normal or slightly slowed in patients
with only sensory involvement and in patients with
multiple mononeuropathy; in two patients with
severe sensory and motor involvement, slowing
was marked (to less than 60% of normal, that is,
less than 30-35 m/s). Slowing of motor conduction also tended to be more marked in patients
with sensory-motor involvement (Fig. 1).
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Fig. 1 Sensory and motor nerve conduction in
patients with the three types of diabetic neuropathy.
Conduction velocity is given as a percentage of the
normal average, matched for age; motor latencies are
given as reciprocal latencies. Each vertical line
connects findings in different nerves in the individual
patient; ---- =lower 95% confidence limit of normtal.
Symbols: Sensory nerves: sural (X), superficial
peroneal (0), posterior tibial (O), saphenous (u),
median (0, digits I and III). Motor nerves, velocity:
deep peroneal (0). Motor latencies: m. tibialis
anterior and m. peroneus longus (v), m. extensor
digitorum brevis (-), m. flexor hallucis brevis (*),
m. quadriceps (i), m. abductor pollicis brevis (i).
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AMPLITUDE OF THE SENSORY ACTION POTENTIAL

In 65% of 48 nerves examined in the upper and
lower extremities the amplitude of the sensory
nerve action potentials was diminished. About
half the potentials were split up into many components. The reduction in amplitude was most
marked in patients with severe sensory and motor
involvement (amplitudes <10% of normal; in the
sural nerve less than 1 tkV, Fig. 2).
The amplitude of the evoked muscle action potentials was normal in patients with mainly sensory
involvement and diminished in nearly all muscles
of patients with severe sensory-motor involvement
and in paretic muscles of patients with multiple
mononeuropathy.
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ELECTROMYOGRAPHY

The electromyogram was investigated quantitatively in 37 muscles. In patients with sensorymotor neuropathy, muscles of the lower and upper
limbs showed marked signs of denervation (loss of
motor units, low amplitude of the recruitment
pattern, fibrillation potentials, and positive sharp
waves), and of reinnervation (increased incidence
of long polyphasic potentials and prolonged duration of motor unit potentials). The same degree of
denervation was found in paretic muscles of
patients with multiple mononeuropathy, but reinnervation was less prominent.
In patients with sensory neuropathy, electromyographic abnormalities were more prominent
in the lower than in the upper limbs. Moderate to
severe loss of motor units was present in nearly
all muscles, even in those with clinically normal
force. Fibrillation potentials were rare, and reinnervation was less pronounced than in the other
types of diabetic neuropathy.
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BIOPSY FINDINGS IN THE SURAL NERVE

Endoneurial area The endoneurial area was
normal in eight and increased in four nerves (Fig.
3). Onion-bulb formations were absent both in
light and electron microscopy, even in the nerves
with a marked increase in endoneurial area.
Myelinated fibres In 10 of the 12 nerves, the
number of myelinated fibres was diminished (Fig.
3). In the nerves from patients with mainly sensory
neuropathy and with multiple mononeuropathy the
number of fibres of large (>7 ,um) and small
(<7 ,um) diameter was reduced equally. Three of
the four nerves from patients with symmetrical
sensory-motor involvement had lost most of their
large fibres.
Degenerated fibres were found in all nerves,
their incidence was highest in the nerves with the
greatest fibre loss. The many bands of Bungner

U ILE
0.1 L L_L

1LJ

Fig. 2 Amplitude of sensory nerve action potentials
in the different nerves as a percentage of the normal
average matched for age (log scale); ---- =lower 95%
confidence limits of normal. Types of neuropathy:
sensory (0), sensory-motor (-), multiple
mononeuropathy (0).

(2000-3000 per nerve) in patients with neuropathy
of short duration indicate axonal loss to be an
early abnormality. With longer duration of the
neuropathy, the number of bands of Biungner
decreased to 100-1000, disproportionately few in
relation to the fibre loss. Regeneration of nerve
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fibres, evidenced by the presence of clusters, was
seen in nine nerves.
In nerves of patients with sensory neuropathy
(Fig. 4, right) and with multiple mononeuropathy
(Fig. 4, left), the histogram of fibre diameters
was bimodal, and in the four nerves from patients
with sensory-motor neuropathy the histogram was
unimodal or unimodal and skew.
Conduction velocity as related to fibre diameter
Conduction velocity and the diameter of myelinated fibres are proportional and maximum conduction velocity can be calculated from the diameter of the largest fibres by the conversion
factor (Gasser and Erlanger, 1927), found in the
human sural nerve to be 4.3-+0.1 (Buchthal et al.,
1975). In all diabetic nerves except one the conduction velocity was lower than to be expected
from the fibre diameter (Fig. 5). In six nerves it
deviated at most 20%, exceeding slightly the
largest deviation observed in nerves from controls.
In five nerves the recorded velocity was 20-30%
slower than to be expected from the fibre diameter, the additional slowing being relatively the
same whether the recorded velocity was 15 m/s or
42 m/s.
Teased fibres One or the other abnormality in the
myelin sheath was found in every nerve; abnormalities were present in 35-80% of the fibres, as
compared with at most 30% in control nerves. As
to the type of abnormality (Fig. 6), fibres with demyelinated segments were found in the nerves of
those two patients with neuropathy of the shortest
duration; in all it occurred in only eight of 502
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Fig. 3 Endoneurial area,
number of myelinated fibres and
of clusters of regenerating fibres
in sural nerves from patients
with diabetic neuropathy (DN)
and in controls (C,X). Symbols
for the different types of
diabetic neuropathy as in Fig. 2.
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teased fibres. Paranodal demyelination was also
scarce, occurring in three nerves, in all in 17 fibres.
Segmental remyelination was the most frequent
abnormality; it was seen in all but one nerve and
occurred in 20-40% of teased fibres. Usually one
single internodal segment per teased fibre was replaced by two to four short remyelinated segments.
Other abnormalities of the myelin sheath (solitary
intercalated segments and fibres which had some
segments with a disproportionately thin myelin
sheath), though present in most nerves, occurred
in only a small proportion of teased fibres. Solitary
intercalated segments were usually found at a
single site of teased fibres. One-sixth of the fibres
with segmental remyelination had in addition one
or more solitary intercalated segments. Finally,
few nerves contained some fibres with abnormal
Ranvier nodes, probably indicating local repair
(Thomas and Lascelles, 1966). Only two nerves
had a marked number of regenerated fibres.
Conduction velocity related to myelin abnormalities
In the nine nerves from patients with diabetic
neuropathy, the incidence of abnormalities in the
myelin sheath was not related to conduction
velocity, whether the proportion of abnormalities
was taken of the number of teased fibres or of the
number of internodal segments. However, when
91 nerves were pooled (including those from diabetic neuropathy), conduction velocity decreased
with increasing incidence of myelin abnormalities
(P<0.001). These nerves were from control subjects and from patients with various types of
acquired and degenerative neuropathies (unpub-
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Fig. 4 Sensory nerve conduction and histological findings in myelinated fibres of the sural nerve in diabetic
neuropathy. Left: multiple mononeuropathy (patient 81, Table), right: neuropathy of the mainly sensory type
(patient 124, Table). Insets: sensory nerve action potential; left: conduction velocity was normal, the amplitude
was diminished and the potential was split up in shape; right: maximum and minimum conduction velocities
were slowed (lower trace recorded at increased amplification); the amplitude was normal. Above: the number
of myelinated fibres was diminished in both nerves; the bimodal distribution of fibre diameters was retained.
Dashed line shows distribution of fibre diameters in normal nerve. A representative sample of the cross-section
for each nerve is shown below. Middle: internodal length as a function of the diameter of the longest
internode, presented as suggested by Fullerton et al. (1965); 30 of 73 teased fibres (left) and 25 of 55 teased
fibres (right) are drawn. Normal segments are connected by full vertical lines, and remyelinated segments by
dashed lines. Oblique line represents the lower 95% confidence limit of normal internodal length. Paranodal
and segmental remyelination was present in 38% (left) and 49% (right) of teased fibres.
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lished data). The large scatter in the relation between myelin damage and conduction velocity
may be due in part to the fact that conduction
velocity was determined over a length of 120 mm,
whereas abnormalities in teased fibres were determined over at most 10 mm. When abnormalities
were counted over half the length of the teased
fibre, their incidence decreased by about one-third.
The incidence of abnormalities would probably
increase if a representative number of fibres could
have been teased over, for example, 20 mm.
Electron microscopy of myelinated nerve fibres
The cross-sectional area investigated contained
542 myelinated fibres. Only two fibres of one nerve
showed loss of axonal organelles, indicating the
beginning of axonal degeneration. Signs of demyelination, present in two nerves, were found in
less than 1%; signs of incipient remyelination (disproportionately thin myelin sheath) were present
in only three nerves, in 2% of the fibres examined.
Otherwise, myelin thickness was normal relative
to the axonal diameter.
Unmyelinated fibres Unmyelinated fibres and
their Schwann cells were assessed in 10 nerves.
The most severe abnormalities were found in the
seven nerves from patients with sensory or sensory-
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Fig. 6 Incidence of fibres with myelin abnormalities
and of regenerated fibres among teased fibres from
sural nerves of patients with diabetic neuropathy, and
from controls (X). Symbols for the different types of
diabetic neuropathy as in Fig. 2.
motor neuropathy: a diminished number of unmyelinated fibres (three nerves), an increased
number of fibres undergoing degeneration (four
nerves), and a markedly increased number of
Schwann cell subunits devoid of axons (six nerves).
Two of the three nerves from patients with multiple mononeuropathy had one or the other abnormality in unmyelinated fibres or their Schwann
cells, though abnormalities were mild. In all 10
nerves, the mean diameter and the size distribution of unmyelinated fibres were normal.
Endoneurial vessels The thickness of the perivascular space and the number of layers of basal
laminae (Fig. 7) were determined in nine nerves of
patients with diabetic neuropathy, and compared
with seven controls and with 13 nerves of patients
with other types of acquired neuropathy. Because
of indistinct separation of the individual layers
(absence of connective tissue between them), their
number could not be counted in six vessels from
patients with diabetic neuropathy and in two
vessels from control subjects.
In control subjects, the thickness of the perivascular space ranged from 1-4 ,um, and it contained
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Fig. 7 Electron micrographs
of endoneurial vessels. Left,
from normal nerve; right, from
nerve of a patient with diabetic
neuropathy. Note increased
thickness of pericapillary space
and increased number of
concentric layers of basal
laminae interwoven with
collagen fibrils in diabetic
neuropathy.
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five to 10 concentric layers of basal laminae or of
fragments of basal laminae interwoven with layers
of collagen fibrils (Fig. 7). In seven vessels from
nerves of patients with diabetic neuropathy the
diameter of the perivascular space was increased
(Fig. 8), and nine vessels contained 11-17 layers
of basal laminae; in all, half the vessels showed
either one abnormality or the other, or both.
Similar abnormalities were found in one-quarter
of the vessels from nerves of patients with other
types of acquired neuropathy.

Discussion
In most early studies, loss of myelinated fibres
considered to be the main pathology of
diabetic neuropathy (Greenbaum et al., 1964).
Thomas and Lascelles (1965, 1966) found segmental demyelination in teased fibres of all nerves,
whereas axonal loss occurred particularly in
severe chronic cases. They considered it an open
question whether the axonal loss was secondary to
segmental demyelination or occurred independently. Since demyelination but not axonal loss was
found in diabetics without neuropathy, Chopra et
al. (1969) believed segmental demyelination to be
the primary abnormality. This confirmed the view
of Bischoff (1968) that a metabolic Schwann cell
lesion is the primary defect in diabetic neuropathy.
However, neuropathy that occurred early in the
was

course of diabetes was associated with axonal degeneration (Bischoff, 1973). Thomas and Eliassen
(1975), in their recent review, considered it unsettled whether demyelination is the primary
lesion in diabetic neuropathy or is secondary to
axonal degeneration. Our findings are compatible
with the assumption that demyelination and
axonal loss are independent processes.
As to demyelination, the most frequent abnormality in teased fibres was segmental remyelination, though it was far less frequent than in the
hypertrophic type of peroneal muscular atrophy
(Behse and Buchthal, 1977a). Onion-bulb formations were absent both on light and electron
microscopy; they were found by Ballin and
Thomas (1968) in seven of 10 biopsies from patients
with diabetic neuropathy. Segmental remyelination
was more frequent than in those neuropathies with
axonal loss as the main pathology (Behse and
Buchthal, 1977a, b). Paranodal myelin damage is
an early change both in axonal degeneration and
in segmental demyelination (Ballin and Thomas,
1969). When it is secondary to axonal degeneration, myelin damage tends to occur at multiple
sites along certain fibres (Dyck et al., 1971). In
our material paranodal or segmental de- or remyelination of multiple sites occurred in two of
nine nerves in half the teased fibres with myelin
abnormalities. In contrast to findings of Bischoff
(1973), we found de- or remyelination also in those
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patiients with diabetic neuropathy, seven controls, and
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)

patiients in whom signs and symptoms of neuropat]hy preceded the diagnosis of diabetes.
is to axonal degeneration, all nerves showed
signis of loss of myelinated and unmyelinated
fibries, even in patients with neuropathy of the
sho: rtest duration. Our findings agree with the
dim inished density of myelinated fibres of all
size s, reported by Chopra and Hurwitz (1969) in
eigl it of nine patients with sensory-motor neuropatihy. Fibre loss was also evident from the low
amj plitude of evoked nerve and muscle action
pot(entials and from the loss of many motor unit
pot(entials in the electromyogram. In clinically
nonl-involved nerves of patients with multiple
moInoneuropathy, histological and electrophysiologiical abnormalities were similar to those de-

scribed by Williams and Mayer (1976), and were
as marked as in nerves of patients of the sensory
type of neuropathy.
Brown et al. (1976) thought the pain in three
diabetic patients with sensory neuropathy to be
due to a disproportionate loss of small myelinated
fibres and a disproportionate increase in the
number of small unmyelinated fibres. This 'smallfibre neuropathy' was not found in our patients
with sensory neuropathy who complained of severe
pain.
In most sural nerves, the conduction velocity
was 10-30% slower than to be expected from the
diameter of the largest myelinated fibres. This
slowing was relatively the same whether the
largest fibres were lost or preserved. The additional
slowing was probably due in part to myelin
damage. It is unsettled to what extent other
causes play a role-for example, abnormalities
without morphological concomitants as assumed
in experimental diabetes (Sharma and Thomas,
1974).
The fact that many clinically normal muscles
in the mainly sensory type of neuropathy had
electromyographic abnormalities raises the
question whether the clinical differences between
the sensory and the sensory-motor types reflect a
difference in severity rather than in type. Fibre
loss was more pronounced in patients with the
sensory-motor than in those with the sensory type,
as was the diminution in the amplitude of the
sensory action potentials and the slowing in nerve
conduction velocity. But the relation between the
recorded velocity and the velocity expected from
diameter of the largest fibres was the same, indicating that there is no evidence for different
mechanisms that cause the abnormalities in conduction in the two types. Moreover, one of the
patients with the sensory-motor type would have
been classified as having the sensory type one year
after the first study.
Compared with nerves from control subjects,
half the endoneurial vessels from diabetic neuropathy had thickening of the perivascular space or
an increased number of concentric layers of basal
laminae. Similar observations were reported by
Bischoff (1965, 1973), who found, in addition, an
increase in the thickness of the individual basal
laminae, which we did not measure in our patients.
Some of the changes in vessels from diabetic nerve
may have been overrated, since the perivascular
space of endoneurial vessels has been assumed to
be normally as thin as around intramuscular
vessels (Garcin and Lapresle, 1968; Arne et al.,
1972; Vital et al., 1973). In fact, in controls the
perivascular space around endoneurial vessels was
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thicker than around intramuscular vessels. The
same abnormalities as in diabetic neuropathy were
present in one-quarter of the endoneurial vessels
in other types of acquired neuropathies.
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Hiller0d, the Hvid0re Hospital for Diabetics,
Copenhagen, and the Department of Rheumatology, Copenhagen County Hospital, Hvidovre,
for permission to examine patients under their
care, and to the staff of the Department of
Neurosurgery, Rigshospitalet, Copenhagen, for
performing the sural nerve biopsies. The work was
supported by grants from the Muscular Dystrophy
Associations of America Inc. and the Michaelsen
Foundation, Copenhagen.
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