
Leprosy is a chronic infectious disease caused by
Mycobacterium leprae; a disease predominantly involving the
skin and peripheral nerves. It is one of the treatable neuropathies
with preserved deep tendon reflexes (DTR) until advanced
stages of the disease.1-5

The clinical and pathological manifestations of leprosy
depend on the host’s immune response to M. leprae and reflect
the balance between Th1 (helper) and Th2 (suppressor) T cells.
The tuberculoid pole of the spectrum is dominated by Th1 cells
releasing interleukin 2 and gamma interferon that activate
macrophages and enhance the cellular activity. On the other
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hand, in the lepromatous form, the predominance of the Th2 cells
which release interleukins 4, 5 and 10, results in downregulated
cellular immunity and reduced macrophages. Three subtypes of
the disease are also described: borderline tuberculoid,

ABSTRACT: Objective: Motor and sensory nerve conductions, F responses, sympathetic skin responses and R-R interval variations
(RRIV) were studied to determine the type of peripheral neuropathy among patients with leprosy. Methods: Twenty-nine consecutive
patients with leprosy (25 male, 4 female) hospitalized in the “Istanbul Leprosy Hospital’’ between January - December, 1999 were
included in this study. Ten patients had borderline lepromatous leprosy, and 19 had lepromatous leprosy. None of the patients studied
had the tuberculoid form. The mean age was 55±12 years. The control group consisted of 30 (26 male, 4 female) healthy volunteers
(mean age: 58.1±7.8 years). All subjects included in the study underwent neurological examination and electrophysiological evaluation.
Standard procedures were performed for evaluating sensory and motor conduction studies. Motor studies were carried out on both left
and right median, ulnar, tibial and common peroneal nerves while median, ulnar, sural and superficial peroneal nerves were examined
for sensory studies. Sympathetic skin response recordings on both hands and RRIV recordings on precordial region were done in order
to evaluate the autonomic involvement. Results: The lower extremity was found to be more severely affected than the upper, and
sensory impairment predominated over motor. Of 58 upper limbs examined, no sympathetic skin responses was recorded in 46 (79.3%).
Compared with the controls, the RRIVs of the leprosy patients were found to be reduced during both resting and deep forced
hyperventilation. Conclusion: Our results indicate that leprosy causes a predominantly axonal polyneuropathy that is more severe in the
lower extremities. Sensory nerve damage is accompanied by autonomic involvement.

RÉSUMÉ: Évaluation électrophysiologique de l’atteinte périphérique et autonome dans la lèpre. Objectif: Nous avons étudié la conduction
nerveuse motrice et sensitive, les réponses F, les réponses cutanées sympathiques (RCS) et les variations de l’intervalle R-R (VIRR) afin de déterminer
quel type de neuropathie périphérique présentent les patients atteints de la lèpre. Méthodes: Vingt-neuf patients consécutifs atteints de la lèpre, soit 25
hommes et 4 femmes, hospitalisés au Istanbul Leprosy Hospital entre janvier et décembre 1999, ont participé à cette étude. Dix patients étaient atteints
de lèpre lépromateuse dimorphe et 19 de lèpre lépromateuse. Aucun des patients étudiés ne présentait la forme tuberculoïde. L’âge moyen des patients
était 55 ± 12 ans. Le groupe témoin était constitué de 30 volontaires sains, 26 hommes et 4 femmes dont l’âge moyen était 58.1 ± 7.8 ans. Tous les
sujets de l’étude ont subi un examen neurologique et une évaluation électrophysiologique. Les études de conduction sensitive et motrice ont été
effectuées selon un protocole standard. Les études motrices ont été effectuées au niveau des nerfs médian, cubital, sciatique poplité interne et sciatique
poplité externe droits et gauches et les études sensitives au niveau des nerfs médian, cubital, saphène externe et musculo-cutané de la jambe. Des
enregistrements de la réponse cutanée sympathique au niveau des deux mains et des enregistrements des VIRR au niveau de la région précordiale ont
été effectués pour évaluer l’atteinte autonome. Résultats: Le membre inférieur était plus sévèrement atteint que le membre supérieur et l’atteinte
sensitive était plus importante que l’atteinte motrice. Aucune RCS n’a été enregistrée chez 46 (79.3 %) des 58 membres supérieurs examinés. Les VIRR
des patients lépreux étaient réduites pendant le repos et pendant l’hyperventilation forcée profonde par rapport aux témoins. Conclusion: Nos résultats
indiquent que la lèpre cause une polyneuropathie à prédominance axonale plus sévère aux membres inférieurs. Le dommage aux nerfs sensitifs est
accompagné d’une atteinte du système nerveux autonome.
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intermediate borderline and borderline lepromatous. T h e
immunologic status of patients with these subtypes is located
between two extremes of the spectrum.3,5

Since the cellular response in tuberculoid leprosy is intact,
there is a loss of pinprick and temperature sensation among the
regions of hypopigmented skin lesions, that may be followed by
mononeuritis multiplex involving peripheral nerves adjacent to
these lesions. In the lepromatous form, however, an extensive
infiltration of M. leprae due to downregulated cellular immunity
is observed. There are multiple nodules, papules, macules and
ulcerations in the skin. The neuropathy is a slowly progressive
asymmetrical and symmetrical sensory-motor polyneuropathy.1-7

Depending on their immune response, borderline leprosy
patients may exhibit clinical and histologic features of both
lepromatous and tuberculoid forms of leprosy. Thus, the
incidence of neurological complications is high, and the patients
may develop a large spectrum of clinical manifestations includ-
ing generalized symmetrical sensory-motor polyneuropathy,
mononeuropathies and mononeuritis multiplex.1-6

We studied motor and sensory nerve conduction, F responses,
sympathetic skin responses (SSR) and R-R interval variations
(RRIV) in order to determine the type of peripheral neuropathy
among patients with leprosy.

MATERIALAND METHODS

Twenty-nine consecutive patients with leprosy (25 male, 4
female) hospitalized at the Istanbul Leprosy Hospital for
rehabilitation of their deformities or ulcers between January and
December 1999 were included in this study. The mean age was
55.3±12 years ranging between 19-70 years. The control group
consisted of 30 (26 male, 4 female) healthy volunteers (mean
age: 58.1±7.8; range: 40-73 years). All subjects included in the
study underwent neurological examination and
electrophysiological evaluation. Additionally, they also were
examined by dermatologists to record the lesions, deformities
and type of skin disease. 

Electrophysiological studies were done using a Medelec
Sapphire 4ME EMG-EP device. Motor conduction studies were
made by stimulating the wrist, the elbow and the axilla for
median nerve; and recordings were made from the abductor
pollicis brevis muscle. The ulnar nerve was stimulated at the
wrist and across the elbow (above and below the elbow), and
recordings were taken from the abductor digiti minimi muscle.
The recordings of the tibial nerve were obtained from the
abductor hallucis muscle after stimulating the ankle and popliteal
fossa. The sites of stimulation for the common peroneal nerve
included the ankle, head of the fibula and popliteal fossa with
recording from the extensor digitorum brevis muscle. Motor
distal latencies, amplitudes and motor conduction velocities were
also evaluated.

The sensory conduction velocities were recorded from the
wrist after index finger and fifth finger stimulation for the
median and the ulnar nerve, respectively. The recordings from
the lateral malleolus after stimulation of the leg’s midline and the
recordings from the ankle after stimulation of the anterior margin
of the fibula were used for the sural and superficial peroneal
nerve, respectively. The amplitudes, distal and peak latencies and
sensory nerve conduction velocities were studied.

The F responses for the median and ulnar nerve after
stimulating the wrist were recorded from the abductor pollicis
brevis and adductor digiti minimi muscles; F responses of the
tibial nerve were recorded from the abductor hallucis muscle
after stimulating the ankle. The minimum F latencies and the F
persistence were also evaluated.

Cup electrodes were used for the SSR studies. The active
electrode was placed on the palmar surface of the hand, while the
reference electrode was placed on the dorsum of the hand. The
SSRs after wrist stimulation of the median nerve were recorded.
Since the SSR amplitude varies greatly within and between the
subjects (including controls) from test to test, making the
amplitude an unreliable parameter for the SSR, we considered
the SSR as abnormal if response was absent.8

The RRIVstudy was done using two cup electrodes placed on
the precordial region and the results were evaluated according to
the formula described by Shahani.8 The R minimum (Rmin), R
maximum (Rmax) and RRIV values during rest and forced deep
hyperventilation were assessed.

Statistical analysis was made using chi-square, Mann-
Whitney U and t-test.

RESULTS

The duration of the disease ranged from two to 60 years
(mean: 33±17). Twenty-one patients were free of bacilli
(inactive), five were inactive and the remaining three in relapsing
state. Ten patients had borderline lepromatous leprosy and 19
had lepromatous leprosy. None of the patients studied had the
tuberculoid form. Nerve thickening on palpation in six, sensory
loss in stocking-glove pattern in one, asymmetrical sensory loss
in the feet in two, and asymmetrical sensory loss in the hands and
feet in 25 patients were observed. Deep tendon reflexes were
preserved in all patients. At the time of the study, 23 patients who
were previously given multidrug therapy (MDT) or dapsone
m o n o t h e r a p y, were drug-free for a period of 2-17 years.
Multidrug therapy has been taken by five patients for one year
and by another patient for two years.

Motor and sensory conduction studies were performed on
both left and right upper and lower extremities of 29 patients.
Since left foot amputation had been carried out in three patients,
right foot amputation in one patient and left leg amputation at
knee level in four patients, we were unable to perform
electrophysiological studies on eight lower extremities. Out of
50 lower extremity studies performed, there was no motor
response in 42 peroneal and 37 tibial nerves. Similarly, 58 upper
extremity studies revealed no motor response in 28 median and
36 ulnar nerves. On the other hand, the recordable motor
responses had lower compound motor action potential (CMAP)
amplitudes, prolonged motor distal latencies and slower motor
conduction velocities compared with those of controls (Table 1-
4). Sensory action potentials of median and ulnar nerves were
obtained in 19 and nine extremities of 58 tested, respectively.We
were able to record sensory nerve action potentials (SNAPs) of
sural and superficial peroneal nerves in only one patient.
Compared with the controls, the recordable sensory responses
demonstrated lower amplitude SNAPs, prolonged sensory peak
latencies and slower sensory conduction velocities (Table 5, 6).
In general, lepromatous leprosy patients’ motor and sensory
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Table 1. Median nerve motor conduction findings

Leprosy N=58 Controls N=60 P
* (30 )

Distal latency 4.7±3.1 3.3±0.3 0.00
CMAP

Wrist(W) 4.8±3.1 8.1±2.2 0.00
Elbow(E) 4.1±2.7 7.6±2.1 0.00
Axilla(A) 3.9±3.0 7.3±2.1 0.00

Conduction velocity
Wrist-Elbow 46.5±7.6 59.1±7.9 0.00
Elbow-Axilla 54.8±7.5 66.8±10.8 0.00

Min F 29.4±2.4 26.2±2.8 0.19
F persistance 97.6±9.7 100.0±0.0 0.00

* Number of recordable median nerve CMAPs
CMAP = compound motor action potentials

Table 2. Ulnar nerve motor conduction findings

Leprosy N=58 Controls N=60 P
*(22)

Distal latency 4.4±1.0 2.7±0.3 0.00
CMAP

Wrist(W) 5.8±3.4 9.2±2.4 0.00
Below elbow 4.5±3.1 8.5±2.5 0.00
Above elbow 4.2±3.1 8.2±2.4 0.00

Conduction velocity
Wrist-BE 46.3±8.5 58.3±4.3 0.00
BE-AE 40.0±8.6 59.9±8.5 0.00

Min F 33.1±3.8 26.3±2.5 0.00
F persistance 84.3±26.2 100.0±0.0 0.00

* Number of recordable ulnar nerve CMAPs

Table 3. Tibial nerve motor conduction findings

Leprosy N=50 Controls N=60 P
*(13)

Distal latency 7.2±1.9 5.0±0.7 0.00
CMAP

Ankle 3.8±4.2 8.7±3.2 0.00
Knee 3.4±3.1 7.0±2.6 0.04

Conduction velocity 
Ankle-Knee 38.9±4.3 43.7±3.4 0.00

Min F 53.1±8.1 54.4±2.8 0.48
F persistance 98.0±5.9 100.0±0.0 0.00

* Number of recordable tibial nerve CMAPs

Table 4. Common peroneal nerve motor conduction findings

Leprosy N=50 Controls N=60 P
*(8)

Distal latency 5.1±0.4 4.2±0.8 0.009
CMAP

Ankle 1.5±1.1 4.1±1.9 0.01
Fibula head 1.4±1.0 3.6±1.7 0.01
Knee 1.3±1.0 2.9±1.5 0.009

Conduction velocity 
Ankle-Fib head 37.3±6.0 48.1±3.4 0.000
Fib. Head-Knee 47.4±15.9 51.9±10.1 0.323

* Number of recordable peroneal nerve CMAPs

Table 5. Median nerve sensory conduction findings

Leprosy N=58 Controls N=60 P
*(19)

Distal latency 2.8±0.4 2.3±0.2 0.00
Peak latency 3.5±0.5 3.0±0.3 0.00
SNAP 14.3±6.6 19.7±6.3 0.01
Conduction velocity 40.9±4.2 53.1±6.9 0.00

* Number of recordable median nerve SNAPs

Table 6. Ulnar nerve sensory conduction findings

Leprosy N=58 Controls N=60 P
*(9)

Distal latency 2.4±0.5 2.2±0.3 0.09
Peak latency 3.1±0.5 2.8±0.3 0.05
SNAP 6.7±4.2 14.1±5.6 0.00
Conduction velocity 44.1±6.9 50.1±5.6 0.01

* Number of recordable ulnar nerve SNAPs

Table 7. Sympathetic skin responses (SSR) on the upper
extremities

Leprosy N=29 Controls N=30 P
R SSR

(+) 5 30 0.00
(-) 24 (-)

L SSR
(+) 7 30 0.00
(-) 22 (-)
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nerves seemed to be more involved than those of borderline
lepromatous leprosy patients when considering the number of
absent or very low amplitude CMAPs or SNAPs. Similarly, the
only recordable sural and superficial peroneal nerve SNAP was
obtained from a borderline lepromatous patient. 

No significant difference was found between the patients and
controls in respect to the median and tibial nerve minimum F
latencies; but the ulnar nerve minimum F latencies of the patients
were found to be longer than those of the controls (Table 1-3). Of
58 upper limbs examined, 46 (79.3%) showed no SSR responses
(Table 7, Figure 1). Compared with the controls, the RRIV
values of the patients were found to be reduced during both
resting and forced deep hyperventilation. On the other hand, no
significant difference between the groups was observed in
respect to the Rmin and Rmax values (Table 8, Figures 2, 3). 

DISCUSSION

Leprosy is one of the most common treatable neuropathies in
the world.1 Lepromatous neuropathy begins on the nerve
terminals around the skin lesions. Depending on the host’s
immune response, it involves cutaneous sensory and mixed
nerves particularly in form of mononeuritis multiplex
(tuberculoid leprosy) or slowly progressive asymmetrical or
symmetrical neuropathy (lepromatous leprosy).1-5,9

Motor nerve conduction in leprosy was first studied by
Divekar in 1965. Out of 27 patients with leprosy, reduced motor
nerve conduction velocities of the ulnar nerve at the elbow and
the median nerve at the lower third of forearm were observed in
16 and six patients, respectively.1 In patients with lepromatous
leprosy, Hackett et al showed slowing of the ulnar nerve motor
conduction velocities at the elbow, while Rosenberg and
Lovelace found it in ulnar, median, tibial and peroneal nerves.1

Similarly, Sohi et al also described slowing of motor conduction
velocities in 12 patients with lepromatous leprosy in ulnar,
median, peroneal and tibial nerves being predominantly
observed at clinically affected regions.1 It is reported that besides
the slowing of motor conduction velocities, the CMAP
amplitudes are also reduced, and the lower limbs appear to be
more affected than upper.1,5,10-12 In our study, we studied 58
upper and 50 lower limbs of 29 patients with leprosy, and
obtained no motor responses of peroneal nerve in 42, tibial nerve
in 37, ulnar nerve in 36 and median nerve in 28 limbs. On the
other hand, in patients with recordable motor responses, the
CMAP amplitudes were lower, motor distal latencies were

longer and motor conduction velocities were slower than those
of controls. Similar to the literature, the elbow segment exhibited
slower motor conduction velocities than those of the forearm
segment.1,5,12

There are also previous reports of sensory nerve conduction
studies in leprosy patients. Divekar1 reported absent sensory
responses of median and ulnar digital nerves with index finger

Table 8. R-R interval variation (RRIV) findings

Leprosy N=29 Controls N=30 P
Resting

Rmin 1.15±0.1 1.1±0.1 0.12
Rmax 1.2±0.1 1.2±0.1 0.84
RRIV 14.4±5.6 19.1±8.6 0.02

Forced deep HV
Rmin 1.1±0.1 1.0±0.1 0.19
Rmax 1.0±0.1 1.3±0.1 0.95
RRIV 21.5±7.3 26.8±10.1 0.02

Figure 1: Sympathetic skin response in a leprosy patient

Figure 3: R-R interval variations in a patient with leprosy

Figure 2: R-R interval variations of a person in the control group
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and fifth finger stimulation, respectively.1 In a patient with
lepromatous leprosy, Rosenberg and Lovelace showed reduced
SNAPs with sensory latencies and conduction velocities being
spared.1 It is reported that SNAPs are usually not obtained in
lower limbs while the SNAP amplitudes are reduced in upper
limbs.1,5,10,11 In our study, all except one patient had absent
SNAPs of the sural and superficial peroneal nerves. In the upper
limbs, however, we found reduced SNAPs, prolonged sensory
peak latencies and slowed sensory conduction velocities of the
median and ulnar nerves.

The F responses enable the assessment of motor conduction
in most proximal segments, and it results from the backfiring of
antidromically activated anterior horn cells. Absent F responses
or prolonged F latencies may indicate a demyelinating
neuropathy, although they may also be absent with severe axonal
nerve lesions.7,13,14 Compared with the controls, our patients’
ulnar nerve minimum F latencies were longer; but no significant
difference was found in respect to the median and tibial nerve
minimum F latencies. This finding probably indicates that
demyelination is not pronounced in lepromatous leprosy.

Although the pathogenesis of the neuropathy in leprosy is not
clear, it is suggested that the smallest myelinated and non-
myelinated fibers are mostly affected, and large myelinated
fibers are relatively spared as are the DTRs.1,5,15-17 Retained
DTRs until advanced stages of leprosy which is the most helpful
sign in differentiating leprosy from other polyneuropathies also
support this suggestion.1-3,5,9 Indeed, we could obtain the DTRs
in all patients.

A sensory loss of stocking-glove type has been usually
described in lepromatous leprosy but it has also been stressed
that, in fact, the sensory impairment at cooler distal regions could
be erroneously assessed as stocking-glove type sensory loss.
Indeed, as mentioned in these results, we noted a sensory loss of
stocking-glove distribution in only one patient, whereas there
was asymmetrical sensory loss in the feet in two, and
asymmetrical sensory loss in the hands and feet in 25 patients.
Neurological examination showed no sensory and motor
impairment in only one patient with borderline lepromatous
leprosy; his electrophysiological studies, however, revealed
absent sensory responses in both sural and superficial peroneal
nerves as well as low SNAPs in both median and ulnar nerves.
S i m i l a r l y, abnormal motor responses were recorded from
median, ulnar and common peroneal nerves. All these findings
suggested that electrophysiological studies could be useful to
demonstrate sensory and motor nerve involvement even in
patients with no clinical symptoms. 

Sympathetic skin response study is a simple method used for
the assessment of the sympathetic nerve system. It reflects a
transient change of electrical potential of the skin elicited by an
external stimulus. Unmyelinated postganglionic sympathetic C-
fibers mediate this reflex.1 6 , 1 8 - 2 6 Sympathetic skin response
studies in the patients with peripheral neuropathy show not only
the involvement of the autonomic functions, but also detect
subclinical autonomic dysfunction.21,26 Several SSR studies and
vasomotor reflex investigations performed with laser Doppler
flowmeter in leprosy patients and their contacts showed a
peripheral sympathetic involvement.17,27-29 In our study, we
found an absent SSR in 79.3% of 29 patients.

R-R interval variation studies evaluate the state of

parasympathetic innervation of the heart. It was reported that the
RRIV correlates with dysautonomia in peripheral neuropathies
such as diabetic polyneuropathy and Guillain-Barré syndrome.18

Considering the peripheral lesions, deformations and
contractures which are frequently seen in leprosy patients and
create considerable difficulties in SSR studies, the RRIV seems
to be a more practical and reliable method for detecting
autonomic dysfunction. To our knowledge, there is no RRIV
study in patients with leprosy dealing with the parasympathetic
function of autonomic nervous system. In our study, we revealed
significantly reduced RRIV values during both resting and
forced deep hyperventilation.

We are not able to assess the impact of MDT on the
improvement of sensory and motor conduction in leprosy
patients since this is not a follow-up study. However, there are
several electrophysiological follow-up studies in the literature
which indicate that, if at all, electrophysiologically detectable
improvement in only motor responses at early stages of the
disease could be attributed to subsidence of the inflammation
and/or oedema.30-32 On the other hand, it is well known that long-
term and high-dose (200-500 mg/day) dapsone therapy causes
neuropathy involving motor fibers. 3 , 4 The World Health
Organization (WHO) recommended a new therapeutic approach
in 1982 which includes a MDT with 100mg/day dapsone.1,2

Twenty-two of our patients were given MDT or dapsone
monotherapy previously, but they were drug-free during the
study for 2-17 years. Five patients were taking MDTfor only one
year and another one for two years. The neuropathy in leprosy
patients seems not to be directly correlated with the therapy since
the bacteria and antigens persist for long periods even in patients
during inactive stages of disease.
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