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The acrodystrophic neuropathies, of
which leprosy is by far the most common,
are a heterogenous group of congenital and
acquired disorders of the sensory pathway
and in which acral (plantar and palmar) ul-
ceration is a prominent clinical feature. Be-
cause of the superficial resemblance to the
effects of leprous neuropathy, it is not un-
usual for patients with such clinical features
to be referred to a leprosy clinic. Although
the neuropathologic and etiologic factors
are varied, there is recognition that dis-
turbed pain perception must play an impor-
tant role in the pathogenesis of ulceration.
As far as the peripheral sensory pathway is
concerned, evidence based on electrophy-
siologic studies in man (") and in animals
( 2 ) suggests that noxious stimuli are me-
diated by small myclinated and unmyeli-
nated fibers in cutaneous nerves from non-
hairy areas.

The study reported here attempts to pro-
vide information on the status of fiber
groups in a cutaneous nerve in patients with
leprosy and some other acrodystrophic
neuropathies by recording the compound
nerve action potential iti vitro. Such tech-
niques had earlier provided satisfactory
correlation between electrical activity and
neuropathologic status (") in many types of
peripheral neuropathy.

MATERIALS AND METHODS
Six patients presenting with plantar ul-

cers due to non-leprous congenital and ac-
quired neuropathies and six patients with
leprous neuropathy were the subjects of the
study. Clinical and neurologic examination
was carried out in each, paying particular
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attention to the sensory status of the lower
limbs. Sensory stimuli were provided by
finger touch, pin-prick, and hot (90°C) and
cold (ice) water. The results were ex-
pressed as severe loss (<50% correct re-
sponses to 50 stimuli), moderate loss (up to
75% correct responses), and not detectable
(>90% correct responses).

A 7 cm long biopsy specimen of the rural
nerve behind the ankle was obtained under
light local anesthesia. In two patients a fas-
cicular biopsy was taken in the manner de-
scribed by other authors (5); in all the oth-
ers the entire thickness of the nerve was
excised. A 3.5 to 4 cm length of nerve was
used for electrophysiologic studies. The
piece was plunged into cold mammalian
Tyrode's solution through which was bub-
bled a mixture of 95% oxygen and 5% CO.,
during transport to the neurophysiology
laboratory (a distance of 3 miles). The
nerve was cleaned under magnification and
placed on a series of silver-silver chloride
electrodes in a moist chamber aerated with
95% oxygen and 5% CO., at 37°C. After al-
lowing the nerve sufficient time to reach am-
bient temperature, it was stimulated at one
end and the compound action potentials re-
corded at a distance 15-20 mm away after
crushing the segment between the two re-
cording electrodes. Normal control nerves
were obtained from four legs freshly am-
putated for sarcoma of the femur (through
the courtesy of the surgeons of the Tata
Memorial Hospital, Bombay).

The remainder of the biopsied nerve was
used for histopathology, for fiber teasing,
and for ultramicroscopy (the last not re-
ported here).

Relevant clinical and pathologic data on
each set of patients are given below:

Non-leprous neuropathy patients. Patient
1 (S. F.) is a 14-year-old male with recurrent
ulcerations of both great toes over a two
year period. He has one I6-year-old sister
who is similarly affected. On examination
the cranial nerves and upper limbs were
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normal. There was severe stocking anes-
thesia to all modalities. Tendon reflexes
were absent. Investigations included EMG,
which showed absent sural nerve action
potentials bilaterally. The muscles were
normal. X-rays of the lumbar spine were
normal. Nerve biopsy showed chronic non-
inflammatory fibrosing neuropathy with no
myelin and almost no axons. No acid-fast
bacilli were found. The diagnosis was con-
genital sensory neuropathy, possibly reces-
sively inherited, Type II ( 7 ).

Patient 2 (M. G.) is an 18-year-old female
with a non-healing ulcer of the right great
toe of six months' duration. She had a his-
tory of acute backache, lower limb weak-
ness, and transient urinary incontinence 6
years ago. Examination revealed the face
and upper limbs to be normal. There was
wasting and weakness in both legs and
thighs and dense bilateral stocking anesthe-
sia to all modalities. Investigations showed
a normal spine X-ray and myelogram. The
EMG showed denervation of lower limb
muscles and absent right sural nerve action
potential but a normal left sural nerve ac-
tion potential. Nerve biopsy showed chron-
ic non-inflammatory neuropathy with fibro-
sis and fiber degeneration in some funiculi,
with normal findings in others. No acid-fast
bacilli were seen. The diagnosis was cauda
equina radiculoneuropathy of unknown
cause.

Patient 3 (N. M. I.) is a 40-year-old female
with absorption and repeated ulceration of
the left great toe of two years' duration.
There was no family history of similar ill-
ness. Examination showed the face and up-
per limbs to be normal. There was bilateral
stocking anesthesia, more pronounced on
the left than on the right, with loss of pain
and temperature sense in the toes. Tendon
reflexes were normal. Nerve biopsy showed
non-inflammatory neuropathy with moder-
ate myelin loss but good axon preservation.
No acid-fast bacilli were seen. The diag-
nosis was sensory neuropathy of unknown
cause.

Patient 4 (A. F.) is a 17-year-old female
who is the sister of case 5. She has repeated
cornification and ulceration under both
great toes of 5 years' duration. Examina-
tion showed the face and upper limbs to be
normal. There was minimal sensory loss in
the feet, most marked around the ulcers.

The muscles and deep tendon reflexes were
normal. EMG studies showed the muscles
to be normal. The right and left sural nerve
action potentials were normal. Nerve bi-
opsy showed non-inflammatory fibrosing
neuropathy with moderate myelin loss but
good axon preservation. No acid-fast bacilli
were seen and no amyloid was identified.
The diagnosis was congenital sensory neu-
ropathy, possibly recessively inherited,
Type I ( 7 ).

Patient 5 (M. F.) is a 23-year-old male
who is the brother of case 4. He had re-
peated ulceration of the soles of 10 years'
duration. There was occasional cornifica-
tion and infection of the fingertips. Exami-
nation showed the face and trunk to be
normal. 'Two-point discrimination and pain-
temperature perception were impaired in
the fingertips. There was bilateral stocking
anesthesia, more pronounced distally than
proximally, to all modalities. The ankle re-
flexes were absent. An EMG at age 16
showed no significant abnormality. A re-
peat study at the age of 23 showed normal
muscles. Sural nerve action potentials
showed reduced amplitude. Nerve biopsy
showed chronic noninflammatory fibrosing
neuropathy with moderate myelin and axon
loss. The diagnosis was congenital sensory
neuropathy, Type I ( 7 ).

Patient 6 (M. L. P.) is a 55-year-old male.
He had a history of severe paresthesias of
the lower limbs of 1 year duration. He had
recurrent painless plantar ulceration on the
right side of 6 months' duration. He was a
chronic alcoholic. Examination showed the
face and upper limbs to be normal. There
was severe bilateral stocking anesthesia to
all modalities. The ankle reflexes were ab-
sent. EMG studies showed denervation in
foot muscles. The sural and median nerve
action potentials showed reduced ampli-
tude. A nerve biopsy showed non-inflam-
matory fibrosing neuropathy with demyeli-
nation and axonal degeneration. The
diagnosis was alcoholic neuropathy.

Leprous neuropathy patients. Patient 1
(M. P.) is a 32-year-old male. He had pro-
gressive numbness of the left leg and foot
of 8 years' duration. There were no skin
lesions. The left sural nerve was enlarged.
There was severe anesthesia to all modali-
ties in the left leg and foot. No motor deficit
was found. He was felt clinically to have
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BT leprosy. A skin biopsy showed no evi-
dence of leprosy. A sural nerve biopsy
showed chronic inflammatory (mostly lym-
phocytic) fibrosing neuropathy. There was
marked myelin/axon degeneration. A few
acid-fast bacilli were identified. The diag-
nosis was polyneuritic borderline leprosy
with questionable downgrading.

Patient 2 (R. N. S.) is a 55-year-old male.
He has had a history of anesthesia involv-
ing the left ankle of two years' duration.
More recently it has involved the right an-
kle. Examination showed no skin lesions,
dryness of feet, weakness of the left foot,
severe sensory loss to all modalities involv-
ing the left foot, and no enlarged nerves.
He was felt clinically to have borderline
leprosy. Sural nerve biopsy showed a dense
granulomatous infiltrate of lymphocytes
and macrophages with vasculitis and endo-
and perineurial fibrosis. There was myelin/
axon degeneration. There were moderate
numbers of acid-fast bacilli identified. The
diagnosis was polyneuritic borderline lep-
rosy with downgrading.

Patient 3 (M. R.) is an I8-year-old male.
He had a history of anesthesia of the right
foot since childhood and developed foot
drop in the last two years. Examination
showed many erythematous large and small
anesthetic lesions on the skin. The sural
and peroneal nerves were enlarged. He was
felt clinically to have BT leprosy. Sural
nerve biopsy showed complete replace-
ment of some funiculi by tuberculoid gran-
ulomatous infiltrates. There was some fi-
brosis. A few funiculi were almost normal.
A few acid-fast bacilli were identified. The
final diagnosis was borderline tuberculoid
leprosy.

Patient 4 (A. U. S.) is a 25-year-old fe-
male. She had multiple hypopigmented
macules, erythema, and swelling of the face
and limbs which developed following a mis-
carriage 6 months prior to the study. Ex-
amination showed moderate to severe an-
esthesia in both feet, more pronounced
distally than proximally. The peripheral
nerves were not significantly enlarged. She
was felt clinically to have BL type leprosy.
Sural nerve biopsy showed a lymphocytic/
macrophage infiltrate in all funiculi with en-
doneurial fibrosis and edema. There was

moderate fiber degeneration and moderate
numbers of acid-fast bacilli demonstrated.
The final diagnosis was lepromatous lep-
rosy.

Patient 5 (K. S.) is a 40-year-old male
who had a history of dense anesthesia in-
volving both feet for many years. Exami-
nation showed many hypopigmented and
erythematous hypoesthetic and anesthetic
lesions. The sural nerves were enlarged. He
was felt clinically to have BT/BB leprosy.
Sural nerve biopsy showed chronic small
cell infiltration and dense funicular and ex-
tra funicular fibrosis. No normal nerve fi-
bers were seen. A few acid-fast bacilli were
demonstrated. The final diagnosis was
chronic borderline leprosy.

Patient 6 (P. A. A.) is a 20-year-old male
who had generalized erythema and swelling
of the hands and feet of unknown duration.
Examination showed the features of diffuse
lepromatous leprosy. There was moderate
anesthesia in the distal legs and feet. He
was felt clinically to have lepromatous lep-
rosy. Sural nerve biopsy showed marked
endoneurial edema and fibrosis. There was
a small amount of mononuclear infiltrate in
the endo- and perineurium. There was mod-
erate fiber damage. A few acid-fast bacilli
were seen. The final diagnosis was lepro-
matous leprosy.

RESULTS
The compound action potentials record-

ed from the 12 experimental sural nerves
are illustrated in Figs. I and 2. A normal
nerve action potential is also shown (Fig.
2, bottom) and brings out clearly the three
main peaks which are characteristic of the
activity in the fast-conducting large myeli-
nated fibers, the slower conducting small
myelinated fibers, and the very slow con-
ducting unmyelinated fibers respectively.
The three peaks are conventionally labelled
as A alpha, A delta, and C; they are distin-
guished from each other not only by their
speeds of conduction (i.e., the latency), but
by their relative amplitudes (which roughly
correlates with the fiber density in the
nerve). The status of the myelinated fibers
was inferred from the electrophysiologic
data, that of the unmyelinated fibers from
the electrical findings alone.
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Fin. I. Sural nerve compound action potentials in non-leprous neuropathes (a-1), and in a control normal
nerve (g).
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3 M. R. Borderline Single.
tuberculoid
leprosy

4 small
A peak;
no C peak

FIG. 2. Sural nerve compound action potentials in leprous neuropathy.

DISCUSSION
Patients with peripheral neuropathy usu-

ally have one of three types of sensory loss
("). In the first type there is the predominant
loss of touch, vibration, and joint position
sense without loss of pain-temperature sen-

sation. In the second type there is loss of
pain-temperature sensation with preserva-
tion of touch-pressure, etc.; in the third
type of peripheral neuropathy all modalities
may be affected. A glance at the clinical
and electrophysiologic data presented here
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FIG. 3. (Non-leprous neuropathy case 6). Alco-
holic neuropathy longitudinal section of sural nerve
showing a fair preservation of axons (although many
were demyelinated) and endoneurial fibrosis (Holmes
Silver stain x60).

shows that all had the third or combined
type of sensory deficit. Although in leprous
neuropathy in its early stages (as also in
early skin lesions) it is easy to demonstrate
pain-temperature disturbances, there is no
histologic (".") or electrophysiologic evi-
dence (') to suggest that myelinated fibers
are relatively immune from attack.

The compound action potentials from the
non-leprous and leprous nerves (Figs. I and
2) revealed certain similarities and con-
trasts:

a) All three major peaks (A alpha, A del-
ta, and C) were abnormal in amplitude in
both groups.

b) Absence of the C peak due to unmye-
linated axons was a conspicuous feature of
the leprosy nerve action potentials: by con-
trast, the C peak was present in nearly all
non-leprous nerve action potentials.

c) The myelinated fiber peak was fre-
quently seen as single, since there was no

FIG. 4. (Leprous neuropathy case I). Four teased
fibers from sural nerve showing from left to right, com-
plete dymyelination, irregularity of the myelin sheath
at the internode, a short demyelinated segment, and
a longer, thinly myelinated segment with a bulbous
thickening of myelin in the adjacent internode (Osmic
acid x 150).

significant difference between conduction
times in the larger and smaller myelinated
axons. This could be a reflection of an at-
tenuation in fiber diameter and reduction in
inter-nodal length which result from degen-
erative-regenerative activity in the nerve ( 1).

d) Within the leprous group the pattern
of electrical abnormality bore no relation-
ship to the type of leprosy, only to the ex-
tent and severity of axon damage. This is
understandable because the functional sta-
tus of a nerve at a given moment is the sum
total of the vicissitudes through which it
has passed: this is particularly so in the long
years of development of borderline and lep-
romatous leprosy.

Histologic examination showed that en-
doneurial fibrosis was present to a greater
(in the leprous nerves) or lesser (in the non-
leprous nerves) extent in all specimens.
Myelin loss or degeneration outweighed ax-
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FIG. 5. (Leprous neuropathy case 6). Longitudinal
section of sural nerve in lepromatous leprosy showing
endoneurial fibrosis, endoneurial edema leading to fiber
separation, and an inflammatory' exudate (Holmes sil-
ver stain x ISO).

onal pathology in alcoholic neuropathy
(Fig. 3). The nerves from patients with he-
reditary neuropathy fell into two main
groups—Type I showing some preservation
of myelinated fibers and Type II showing
no myelinated axons or action potentials
but a retained C fiber peak ( 7 ). Teased fiber
preparations of these nerves stained with
osmic acid showed that when myelinated
axons were seen, they were apparently nor-
mal. Demyelination-degeneration-regener-
ation was a feature of leprosy and alcoholic
neuropathy (Fig. 4). In addition, leprosy
nerves showed endoneurial edema (Fig. 5),
perineurial fibrosis, and inflammation,
which would be expected to contribute to
nerve fiber damage.

We believe that myelinated fiber (large
diameter) damage, which is shown to be an
integral feature of the cases studied here,
possibly contributed not only to disturbed
touch-pressure sensation but aggravated in-

accuracies of pain-temperature perception
by the patient. It is interesting that even in
primary amyloidosis, an archetypal small
fiber neuropathy, touch-pressure abnor-
malities are constantly seen ("). We specu-
late that there is a role for them in the path-
ogenesis of plantar ulceration.

SUMMARY
In vitro electrophysiologic and light mi-

croscopic studies were carried out on the
sural nerve in six patients with non-leprous
neuropathy with plantar ulceration and in
six patients with various types of leprous
neuropathy. In the non-leprous group (with
congenital and acquired neuropathy) the
abnormalities in the compound action po-
tentials of the myelinated (large and small)
fibers were usually more striking than those
in the unmyelinated fibers potentials. In the
leprous neuropathies, on the other hand,
the three major fiber groups tended to be
involved indiscriminately, the unmyelinat-
ed fiber potential being as liable to abnor-
mality as the myelinated fiber potentials.
Histologically the nerve fiber damage in the
congenital neuropathies appeared to be
moderate to gross involvement of the mye-
linated fibers without the prominent de-
myelination and degeneration/regeneration
seen in leprosy and the other acquired neu-
ropathies. Leprous neuropathy showed,
besides fiber abnormalities, the simulta-
neous deleterious effects of inflammation
and fibrosis.

It is a matter for speculation whether dis-
turbed conduction in the large myelinated
touch-pressure mediating fibers contributes
significantly to impaired pain perception
(mediated by small fibers) and plantar ul-
ceration in leprosy and other acrodystroph-
ic neuropathies.

RESUMEN
Se hicieron estudios electrofisiologicos in vitro y

observaciones al microscopio de luz, en los nervios
surales de seis pacientes con neuropatia no leprosa
con ulceraciOn plantar, y en seis pacientes con di-
versos tipos de neuropatia leprosa. En el grupo no
leproso (con neuropatias congenitas o adquiridas), las
anormalidades en los potenciales de acciOn de las fi-
bras mielinizadas (grander y pequeilas) fueron miis
marcadas que las anormalidades en los potenciales de
las fibras no mielinizadas. En las neuropatias leprosas,
por otro lado, los trey grupos mayores de fibras estu-
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vieron afectados de manera indiscriminada, siendo los
potenciales de las fibras no mielinizadas tan suscep-
tibles a la anormalidad como los potenciales de las
fibras mielinizadas. HistolOgicamente, el chino a la fi-
bra nerviosa en las neuropatias congenital oscil6 de
moderada a profunda afecciOn de las fibras mielini-
zadas sin Ia desmielinizaciOn prominente y la dege-
neraciOn/regeneraciOn observada en lepra o en otras
neuropatias adquiridas. La neuropatia leprosy mostrO,
ademtis de las anormalidades en las fibras, los efectos
deletereos simultancos de Ia intlamciOn y fibrosis.

Se especula si la afectada conducciOn en las grandes
fibras mielinizadas responsables de Ia sensaciOn "to-
que-presiOn" contribuye de manera importante a Ia
disminuida perception al dolor (mediada por las fibras
pequetias) y a la ulceraciOn plantar en lepra y en otras
neuropatias acrodistnificas.

RESUME
Chez 6 malades atteints de neuropathie d'origine

non lepreuse, accompagnee d'ulceration plantaire, et
chez six malades souffrant de divers types de neuro-
pathie d'origine lepreuse, on a procede it des etudes
electrophysiologiquc in vitro, et it des etudes prati-
quees all microscope optique, sur le nerf crural. Dans
le groupe de malades ne souffrant pas de lepre, et
presentant des neuropathies congenitales ou acquises,
les anomalies notees dans les potentiels d'action com-
poses des fibres myelinisees, tant de petites que de
grandes dimensions, etaient generalement beaucoup
plus marquees que les anomalies presentees par les
potentiels des fibres myelinisees. Sur le plan histolo-
gigue, l'endommagement de Ia fibre nerveuse dans les
neuropathies congênitales varie depuis un degre mo-
dere jusqu'a une atteinte importante des fibres myeli-
nisees, sans que ceci soft accompagne de demyelini-
sation marquee ou d'un processus de degenerescence/
regeneration tels qu'on les volt dans la lepre et dans
d'autres neuropathies acquises. La neuropathie
d'origine lepreuse montrait, outre des anomalies au
niveau des fibres, des effets destructeurs simultanes
de ('inflammation et de Ia fibrose.

On peut speculer pour savoir si les troubles de la
conduction des fibres myelinisees epaisses qui trans-
mettent la sensibility a la pression et au toucher, con-
tribuent significativement ou non a Ia diminution de la
perception de Ia douleur, qui est pour sa part transmise
par les fibres minces, ainsi qu'aux ulcerations plan-
Mires dans Ia lepre et dans d'autres neuropathies ac-
rodystrophiques.
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