
204 

Lepr Rev ( 1 994) 65, 204-22 1 

Nerve damage in leprosy: 

an epidemiological and clinical study of 

396 patients in west Nepal - Part 1 .  
Definitions, methods and frequencies 

W. H. VAN BRA K E L *  & I S HWAR B. KHAWAS 
Green Pastures Hospital, P. O.  Box 28, Pokhara, Nepal 

Accepted for publication 28 February 1 994 

Summary A historic cohort study was performed to determine the prevalence 
and incidence rates of nerve function impairment (NFl) as demonstrated by 
sensory testing with a nylon monofilament and standard tests of motor function. 
The records of 396 new leprosy patients registering at Green Pastures Hospital, 
Pokhara, between January 1 988 and January 1 992 were analysed. The mean 
follow-up period was 2 1  months. 

In all ,  36% ( 1 4 1 /396) of patients had either sensory or motor function 
impairment at their initial examination. For each nerve the prevalence of 
sensory and motor impairment is reported separately . The posterior tibial 
nerve was the most frequently affected (sensory) nerve (2 1 %). Sensory impair
ment of the ulnar nerve was found in 1 7 %  of the patients; 8 · 8% had sensory 
impairment of the median nerve. The overall incidence rate of motor function 
impairment was 7 · 5  (5 ·4- 1 0) per 1 00 person years at risk (PYAR) . Sensory 
impairment had a significantly higher rate of 1 3  ( 1 0- 1 7)/ 1 00 PYAR (rate 

ratio ( 1 · 8 ( 1 ·2-2·7), P = 0·0076). Bl patients had a significantly higher inci
dence rate of nerve function impairment than BT patients (rate ratio 2 ·3  ( 1 ·4-

3 ·7),  p = 0·006). Altogether 1 52/396 (39%) of the patients required corticos
teroid treatment for 'recent' or 'acquired' impairment, and 78 of the patients 
(20%) developed severe nerve function impairment during or after antileprosy 
treatment. Analysis of potential risk factors for nerve function impairment 
showed a significant association with the extent of clinical disease expressed 
as the number of body areas (out of 9) with primary or secondary signs of 
leprosy (rate ratio 5·0 ( 1 · 5- 1 7),  P = 0·009 1 ) .  

It was concluded that nerve function impairment i s  a serious problem, 
often occurring during or after multidrug therapy. The extent of clinical 
disease expressed as a count of body areas involved, or of skin or nerve 
lesions may identify patients who are at increased risk of nerve damage. 

* Correspondence: c/o INF, PO Box 5, Pokhara, Nepal . 
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Leprosy is a disease of the peripheral nervous system and most of the serious 
complications are due to peripheral neuropathy. I -3 As Naafs stated: 'Leprosy would 
be a rather innocent skin disease were it not for the nerve damage and subsequent loss of 
sensation and muscle power and secondary ulcerations and deformities, which make the 
leprosy patient an outcast from society. '4 

Mycobacterium leprae is the only known bacillus able to invade the peripheral 
nervous system. It is said to be the most common cause of treatable peripheral 
neuropathy in the world,5 but there are surprisingly few studies of the epidemiology 
of peripheral neuropathy in leprosy. Amongst these are reports from Bell-Krotoski6 on 
'Nerve Involvement in Leprosy' ,  McLeod et al.7 on nerve conduction velocity results, 
Duncan & Pearson8 describing nerve function impairment (NFl) among pregnant and 
lactating women, and Becx-Bleumink et al.9, 1 0  on nerve damage detected among control 
programme patients. 

Despite much basic neuropathological research in the 1 960s, 1 970s and early 1 980s, 
particularly by Weddell et aI. , I I  Boddingius, 1 2- 14 Antia et al. , 1 5- 1 8  Dastur et al. , 1 9 ,20 

Chopra et al. ,2 1  Job,22 Sabin23 ,24 and Swift,25 many clinicoepidemiological questions 
remain unanswered. These include defining methods of detecting treatable neuropathy, 
and of preventing neural impairment, as well as means of improving the treatment of 
neuropathy of recent onset. 

Green Pastures Hospital (GPH) is a 1 00-bed mission hospital in Pokhara, West 
Nepal, run by the International Nepal Fellowship (IN F) under its Leprosy Control 
Project (LCP), a joint project with His Majesty' s Government/Nepal (HMG/N) . GPH is 
the main leprosy referral hospital for the West of Nepal. Good record keeping with fairly 
standardized methods of assessment have provided data for this retrospective study of 
the incidence of peripheral neuropathy and reactions in leprosy. 

The aims of the present study were to determine: 

the prevalence and classification of neural impairment by age and sex, and in specific 
nerves, at the time of registration; 
the incidence rate of neural impairment, occurring during and after anti-leprosy 
treatment; and 
to identify risk factors which are of prognostic value . 

Definitions 

Considerable difficulty in studying the peripheral neuropathy in leprosy, and in 
comparing the results of treatment, is caused by confused terminology and incomplete 
reports of the methods used (Charosky et aI. 3 ) .  Unfortunately these defects have 
persisted . To facilitate comparison with other related studies, the terms used are 
defined below. 

N E R V E  I N V O L V E M E N T  

May be defined as 'anything from the presence of a leprosy bacillus in a nerve to the total 
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destruction of the nerve?6 In the former case the nerve is affected before this can be 
detected by ordinary physical examination.7,27 

P E R I P H E R A L  N E U R O P A T H Y  

A general neurological term indicating, 'Any disorder that causes structural damage to 
nerve fibres within the peripheral nervous system,?8 It does not indicate the aetiology or 
nature of the disorder or disease . Early in the disease process the 'damage' may be 
functional rather than structural. 

N E R V E  D A M A G E  

An imprecise but common term for 'neuropathy' ,  which i s  also used in  relation to  trauma. 
Here it indicates clinical or subclinical damage to a nerve, whether reversible or irreversible . 

N E U R I T I S  

A condition in  which inflammatory cells are found in  the nerve . 

A C U T E  N E U R I T I S  

A clinical term, used here to  mean: acute inflammation of  a peripheral nerve trunk 
detectable by swelling and/or functional impairment (NFl, see below) with spontaneous 
nerve pain and/or nerve tenderness on palpation. Nerve pain or tenderness may or may 
not be accompanied by paraesthesia. 

S I L E N T  N E U R O P A T H Y  ( S N )  

A clinical term used for neuropathy with neural impairment but without the other 
clinical signs and symptoms of acute neuritis .  In this paper it refers to those episodes of 
neuropathy that cause clinical nerve damage within a period of days or weeks and not to 

. the chronic destructive neuropathy of leprosy. 

NERVE F U N C T I O N  I M P A I R M EN T  ( N F l )  

Clinically detectable impairment of motor, sensory or autonomic function. 

N E R V E  P A I N  

Spontaneous pain in the distribution of a peripheral nerve trunk either at  rest or during 
movement of the affected limb. 

N E R  V E  T E N D E R N E S S  

Pain in  a peripheral nerve trunk elicited by palpation of the nerve, which was considered 
to be significant only if it was spontaneously mentioned by the patient or if it could be 
'seen' on the patient's face . 
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Symptoms of tingling, 'pins and needles ' ,  burning or 'electrical' sensations 10 areas 
supplied by the affected peripheral nerve . 

A N A E S T H E S I A  O R  H Y P O A E S T H E S I A  

Complete or  partial impairment of tactile sensibility. 

V O L U N T A R Y  M U S C L E  T E S T I N G  ( V M T )  

A manual test assessing the strength of individual muscles or groups of muscles in  the 
upper and lower extremities .  

S E N S O R  Y T E S T  ( S T )  

Use of this term includes the 'ballpen test' or use of a piece of thin paper, a feather, a wisp 
of cottonwool or nylon (mono)filaments, for light touch or the 'pin-prick test' for pain 
sensation.29 It would be preferable to use the name of the actual test used. 

S E N S I B I L I T Y  T E S T I N G  

The testing of any sensory modality. The following separate modalities are nowadays 
recognized: static touch, moving touch/vibration sense, pain, and temperature. 

I M P A I R M E N T  

This is defined as, 'Any loss or abnormality of psychological, physiological, or 
anatomical structure or function . '3o 

D I S A B I L I T Y  

'Any restriction or lack (resulting from impairment) or ability to perform an activity in 
the manner as within the range considered normal for a human being, . 3o 

H A N D I C A P  

'A disadvantage for a given individual resulting from an impairment or disability, that 
limits or prevents fulfilment of a role that is normal, depending on age, sex and social and 
cultural factors for the individual . '3o 

D E F O R M I T Y  

Secondary structural changes of the eye, hand or foot resulting from impairment of  
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sensory, autonomic and/or motor nerve function: joint stiffness, bone absorption, and 
mechanical imbalance such as 'clawing' . 1 6  

Methods 

O U T C O M E  M EA S U R E S  

The number of  patients with peripheral neuropathy a s  evidenced by  clinical signs of 
motor and/or sensory impairment. 

The number of patients developing nerve function impairment at any stage during or 
after treatment.  

The association between leprotic neuropathy and age, sex, classification, extent of 
disease (no . of skin lesions, nerves and body areas involved in the disease) , phenolic 
glycolipid- l (PGL- I )  serology results and antileprosy treatment regimens (multidrug 
therapy (MDT) vs dapsone (DDS) monotherapy) . 

D I A G N O S I S  A N D  C L A S S I F I C A T I O N  

Methods of diagnosis, classification, using both the Ridley-Jopling classification, as well 
as our 'body area classification system' ,  laboratory examinations and histology have 
been described in detail in a previous paperY 

D E F I N I T I O N  OF N E R V E  F U N C T I O N  I M P A I R M ENT ( N F l )  

A patient was considered to have nerve function impairment if  there was a deterioration 
of > 2 points in his VMT score, or 2 points or more in his TST score compared to the 
previous result. NFl of less than 6-month's duration was recorded as 'recent', while 
impairment of longer duration was recorded as 'old' . If no previous VMT and TST 
results were available the patient's history was used to determine whether the impair
ment was 'recent' or 'old' (using the same numeric criteria for VMT/TST deterioration 
as mentioned above) . 

N E R V E  F U N C T I O N  A S S E S S M EN T  ( N F A )  

A NFA was done by either of 2 trained physiotechnicians at  the first examination, at 
every visit as an outpatient, at annual examinations during treatment and after release 
from treatment.  For patients receiving treatment for a reaction or nerve function 
impairment that was performed fortnightly. 

V O L U N T A R Y  M U S C L E  T E S T  

A full VMT was performed using the modified MRC scale32 as described by 
Brandsma. 33 The VMT score consisted of the sum of individual scores (0-5;  0, 
paralysed; 5, normal strength) for certain muscles innervated by the : 

Facial nerve; orbicularis oculi (only)-max score 5 :  ulnar nerve; first dorsal interosseus 
('index finger out') and abductor digiti minimi {' little finger out')-max score 1 0: median 
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nerve; abductor pollicis brevis and opponens pollicis ( 'thumb up')-max score 1 0 :  radial 
nerve; extensor carpi ulnaris (,wrist up') and extensor digitorum communis (extension of 
metacarpophalangeal joints)-max score 1 0 : lateral popliteal nerve; extensor hallucis 
longus and peroneus longus and brevis (,lateral foot up')-max score; 1 0 . 

If any particular muscle could not be tested, e .g .  because of joint stiffness or previous 
surgery, or if test data were not available for any particular follow-up time, the other 
findings from that occasion were excluded from the analysis .  

T O U C H  S E N S I B I L I T Y  T E S T  ( T S T )  

Touch sensibility of skin sites (see below) innervated by the ulnar and median nerves was 
tested using a nylon monofilament giving a force of approximately 1 0  g when pressed 
until it bent. The result was recorded as 'felt' or 'not felt' for each of the sites mentioned 
below. If the patient sometimes felt the touch and sometimes not, the result was recorded 
as 'partial' .  Touch sensibility of the posterior tibial nerve was tested in a similar way 
using a thicker monofilament, giving a force of about 75 g. The TST score consisted of 
the sum of touch sensibility test scores given for individual sites (2, monofilament felt; 1 ,  
doubtful; 0, monofilament not felt); the number of sites depending on the nerve tested: 

Ulnar nerve; 3 sites on the pulp of the little finger, over the MCP 5 joint and on the 
hypothenar eminence respectively-max score 6: median nerve; 4 sites on the pulp of the 
thumb, over the MCP 2 joint, the pulp of the index and middle finger respectively--max 
score 8: posterior tibial nerve; 1 0  sites on the footsole: on the tip of each toe, over the 
MTP 1 and 5 joints, the instep, the lateral border and the heel-max score 20. 

If there was an ulcer on the test site a score of 0 was given for that site . If the number 
of sites for any particular nerve was not complete, e .g .  if a digit was missing, the score 
was recorded as a missing value . Missing data were handled as described above . 

C R I T E R I A  F O R  I N C L U S I O N  A N D  E X C L U S I O N  O F  P A T I E N T S  

All new, previously untreated patients who registered for treatment in the GPH during 
the period January 1 988  to January 1 992 were included in the study. Patients whose 
treatment for reaction/neuropathy was started elsewhere more than 1 week before 
arrival the GPH were excluded. 

S T A T I S T I C A L  M E T H O D S  

The significance of the difference between proportions was tested using the Standard 
Normal Deviate (SND) for unpaired samples and McNemar's paired X2 test for paired 
samples. 34 The significance of an association between nerve function impairment and 
any risk factor was examined with Cox' proportional hazards regression and is expressed 
as rate ratios .  Incidence rates were calculated as the number of patients developing new 
nerve function impairment during the follow-up period divided by the cumulative person 
years at risk . Patients were censored as soon as new impairment had occurred. For 
patients for whom the exact time between registration and onset of neural impairment 
was not known it was assumed that it had occurred half way during their follow-up 
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period. Patients lost to follow-up due to death, defaulting or transferral only contributed 
person years to the denominator for as long as they were still followed up . Significance of 
the difference between rates was calculated using the appropriate SND test. A p-value of 
less than 5% was used as level of statistical significance . For the most important 
proportions or ratios the 95% confidence interval is given in parentheses after the ratio, 
e .g .  4 · 1 (2' 1 -8 '2), means that there is 95% chance that the ratio actually lies between the 
values 2 · 1 and 8 ·2 .  We used Epi Info Software, version 5 '0 1 , 35 for analysis .  

Results 

P A T I E N T S  

We included 396 new patients in the study. The mean age was 41 years (range 2-88, 
standard deviation 1 6); 277/396 were male. Only 335  patients were available for follow
up (the remainder were transferred elsewhere after diagnosis) . Their average follow-up 
time was 21 months (range 1 -49), 7 1  patients were taking dapsone monotherapy, 256 
and 68 were on or had been released from WHO multidrug therapy (MDT),29 for 
multibacillary and paucibacillary patients, respectively, and 1 patient was on a different 
multi drug regimen. 

N E R V E  F U N C T I O N  I M P A I R M ENT 

Table 1 shows the prevalence at first examination of motor and sensory impairment in 
the Ridley-Jopling classification subgroups. This is illustrated in Figure 1 .  The only 2 
TT and 7 BB patients had no NFl and are therefore not included in Figure 1 .  In all 
patients, except the pure neuritic (PN) patients, the prevalence of sensory impairment 
was a little higher than motor impairment (overall 29% vs 24% ,  respectively) . This 
difference was not significant at the 5% level (p = 0 , 1 1 , SND test) . 

Incidence rates are shown in Table 2 and Figure 2. BL patients had a significantly 
higher rate than BT patients (29 vs 1 2/ 1 00 person years at risk (PY AR), rate ratio 2 ·3  

Table 1 .  Prevalence o f  nerve function impairment a t  first registration i n  396 previously untreated patients at 
Green Pastures Hospital 

Motor impairment Sensory impairment Either 

Total Number Prev (%) Number Prev (%) Number Prev (%) 
Classification patients affected (95% CIt affected (95% CI) affected (95% CI) 

TT 2 0 0 0 
BT 202 49 24 ( 1 8-30) 59 29 (23-35) 69 34 (28-41 )  
BB 7 0 
BL 1 33 37 28 (20-35) 45 34 (26-42) 56 42 (34-50) 
LL 42 6 1 4  (3 '7-25) 1 0  2 4  ( 1 1 -37) 1 1  26 ( 1 3-39) 
PN 1 0  4 40 (9'6-70) 2 20 (0-45) 5 50 ( 1 9-8 1 )  

Total 396 96 24 (20-28) 1 1 6 29 (25-34) 1 4 1  36 (3 1 -40) 

a Prevalence per 1 00 patients +95% confidence interval . 
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Figure 1. Prevalence of nerve function impairment at first registration (n = 387; TT and BB patients have been 
omitted)_ Either = motor and/or sensory impairment. 

(1-4-3-7), p = 0-0076)_ The rate-difference between BL and LL patients was not 
significant at the 5% level (29 vs 13/100 PY AR, p = 0-12)_ Sensory impairment occurred 

more frequently than motor impairment (rate ratio l-g (1-2-2-7), p = 0-0076)_ 

The prevalence of NFl for each separate nerve at the first examination is shown in 

Table 3_ The posterior tibial nerve was the most frequent affected nerve, if only 

sensibility is considered (21 vs 17% for the ulnar nerve)_ We did not assess the motor 

function of the posterior tibial nerve (intrinsic muscles of the foot) on a regular basis, but 

subjectively it seems that the secondary effects of posterior tibial motor weakness or 

paralysis, namely clawtoes and loss of foot arches, are also very common_ 

Table 2. Incidence rates of nerve function impairment in 335 previously untreated patients at Green Pastures 
Hospital. The mean follow-up time was 21 months 

Motor impairment Sensory impairment Either 

Incident Rates' Incident Rates Incident Rates 
Classification cases (95% Cl)b cases (95% CI) cases (95% CI) 

TT 0 0 0 
BT 14/170 5-1 (3-0-8-7) 28/182 10 (7-1-1-15) 34/182 12 (8-9-17) 
BB lW 3/4c 3/4 
BL 14/106 12 (6-9-20) 27/106 22 (15-33) 35/106 29 (21-40) 
LL 4/31 10 (3-8-27) 2/31 5-1 (1-3-21) 5/31 13 (5-3-31) 
PN 1/10 6-7 (0-9-47) 1/10 6-7 (0-9-47) 1/10 6-7 (0-9-47) 

Total 34/335 7-5 (5-4-10) 61/335 13 (10-17) 78/335 17 (14-21) 

• Incidence rates per 100 person years at risk; b 95% confidence interval; C the numbers in the BB group were 
too small to calculate any meaningful rates_ 



2 1 2  W. H. van Brakel and Ishwar B .  Khawas 

rate/1 00 person years at risk 
50 

40  
95% confidence interval 

, ! 
30 1---' I --r----

I 

20 

1 0  
---

0 -' -

BT BL LL  P N  

classification categories 

! 
.-L 

All  

Figure 2. Incidence rates of nerve function impairment in 335  leprosy patients (PN, pure neuritic leprosy) . 
IT cases (2) and BB cases (4) were omitted because no meaningful rates could be calculated. 

In 3/792 median nerves (0 ,4%) and 1 6/792 ulnar nerves (2 '0%) only motor function 
impairment could be detected (data not shown), and 7 median nerves (0 '9%) and 1 6  
ulnar nerves (2 '0%) had sensory impairment only. 

Figure 3 illustrates the prevalence of impairment in individual nerves at registration. 

T I M E  O F  O N S E T  

Table 4 shows the distribution of patients with nerve function impairment according to 
the time of onset of the impairment. All together 1 52/396 (39%) of patients required 

Table 3. Prevalence at first registration of nerve function impairment in individual nerves. The numbers in the 
table refer to patients rather than nerves 

Motor impairment Sensory impairment 

One side Both Prevalence One side Both Prevalence 
Nerve only (%) (%) Total (%)" only (%) (%) Total (%) 

Facial I I  (2-8) I I  (2-8) 22 5 ·6  (3 '3-7'8)  
Ulnar 54 ( 1 4) 27 (6'8) 8 1  20 ( 1 6-24) 39 (9'8) 30 (7-6) 69 1 7 ( 1 4-2 1 )  
Median 7 ( 1 '8)  8 (2) 1 5  3 - 8  ( \  '9-5 '7) 22 (5 '6) 13 (3 -3)  35  8 ·8  (6'0- 1 2) 
Radial 4 ( 1 '0) 0 4 1 ·0 (0'03-2) 
Lat. Popliteal 16 (4) 3 (0 '8) 1 9  4·8 (2'7-6'9) 
Posterior Tibial 35 (8 '8) 50 ( 1 3) 85  2 1  ( \  7-26) 

Data on the sensory function of the lateral popliteal nerve and the motor function of the posterior tibial 
nerve were not collected. a Prevalence per 1 00 patients + 95% confidence interval. 
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Table 4. Number of patients in different 'onset 
of nerve function impairment' categories 

Category of NFl Number % 

None 1 8 1  46 
Old" 63 1 6  
Recentb 74 1 9  
AcquiredC 78 20 

Total 396 1 00 

" Onset > 6 months ago at the time of 
registration; b onset < 6 months ago at the 
time of registration; C nerve function impair
ment detected during or after treatment that 
was not present at the time of registration_ 

steroid treatment for nerve function impairment during or after their antileprosy 
treatment. 

R I S K  F A C T O R S  

Among the patients developing new NFl after the start of antileprosy treatment, no 
significant difference in risk was found between those on MDT and those on DDS_ Table 
5 summarizes the significance of individual risk factors in relation to the incidence of 
nerve impairment _ There was no association between incidence of NFl and age of 
registration, sex, PGL- l antibody titre or bacteriological index of the patient_ 

Table S. Risk factors for nerve function impairment occurring after the start of antileprosy 
treatment among 335  new patients in Green Pastures Hospital 

Category of Rate ratio" 
Risk factor patients (95 %  Cl)b p-value 

Sex all I - I  (0-63- 1 - 8) 0 -79 

Treatment (MDT vs_ DDS)C all 0-56 (0-27- 1 - 1 )  0- 1 1  
Extent of clinical disease : 

> 1 0  skin lesions all 3-2 (I A-7 - I )d 0 -0044 

> 3 nerves enlarged all 3 - 3  ( I A-8-0)d 0 -0082 

> 2 body areas involved all 5-0 (I - 5- 1 7) 0 -009 1 
Be 6 -6 ( 1 -6-29) 0 -0 1 1 

bacteriological index all 1 -6 (0-85-2-9) 0- 1 1  

PGL- I Be 0-92 (0 - 5 1 - 1 -7) 0 -77 

" Rate ratio adjusted for the simultaneous influence of age, sex, treatment, bacteriological 
index, phenolic glycoJipid- 1 antibody (PGL- I )  titre and body area count; b 95% confidence 
interval; C multi drug therapy versus dapsone mono therapy; d rate ratio adjusted for the 
simultaneous influence of age, sex, treatment, bacteriological index, and PGL- I titre; 
e borderline patients; f PGL- l titre (> 0 - 1 99 = positive) _ 
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Figure 3. Prevalence of impairment at first registration in individual nerves in 396 new leprosy patients in Green 
Pastures Hospital. Data on the sensory function of the lateral popliteal nerve and the motor function of the 
posterior tibial nerve were not collected. 

Unfortunately, data on pregnancy and lactation were not systematically recorded and 
therefore valid analysis of these risk factors was not possible . 

The extent of clinical disease expressed as the number of body areas (out of 9) with 
primary or secondary signs of leprosy,3 l was a highly significant risk factor for 
developing neural impairment. The rate ratio of NFl for patients with > 2 body areas 
involved in the disease (,extensive disease') compared to those with 2 or less was 5 ·0  ( 1 ' 5-
1 7, p = 0,009 1 ), i . e .  the risk of developing impairment for patients with > 2 body areas 
involved was 5 times higher than the risk for patients with only 1 or 2 body areas 
involved. Using skin lesion counts and taking 1 0  lesions as the cut-off point, the rate 
ratio was 3 ·2  ( 1 '4-7' 1 ,  p = 0'0044) for patients with 'extensive' disease. These rate ratios 
are illustrated in Figure 4. 

risk factors 
Sex 

M DT vs DDS 

> 2 body areas 

> 1 0  sk in lesions 

> 3 nerves en larged 

bacteriological i ndex 

PGL- 1  

0 . 1  

0.63 --+- 1 . 8 

0.27 --t-- 1 . 1  

1 . 5 1 7  

1 .4 7 . 1  

1 .4 8 

0 . 85 2 . 9  

0 . 54 1 . 8 

1 0  
rate ratio ( +  95% confidence interval) 

1 00 

Figure 4. Risk factors for nerve function impairment in 335 new leprosy patients. MDT, multi-drug therapy; 
DDS, dapsone mono therapy; PGL- l ,  phenolic glycolipid- l antibody positive. 
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The peripheral neuropathy o f  leprosy has been neurologically classified by several 
investigators as a 'mononeuritis multiplex' ,36-38 because there is a widespread, 
bilateral, but not homogeneous or systemic neuropathy involving both the sensory 
and motor fibre systems.  A part of the nerve may show extensive destruction, while a 
nearby section of the same nerve may have a histopathologically normal appearance. 19 ,20 

The neuropathy begins very early in the disease process and progresses to a considerable 
extent with destruction of Schwann cells and segmental demyelination, as well as 
extensive regeneration and re-myelination, even before the immune system becomes 
involved. 1 5 , 1 6 ,39 Once the immune response is initiated, inflammatory processes with 
destruction through granuloma formation, intraneural oedema and ischaemia dominate 
the pathophysiological picture. I ,22,26 It is clear from the available pathological evidence 
that extensive neuropathy is already present before the patient notices any signs and 
symptoms of nerve function impairment . The NFl discussed below is therefore only the 
'tip of the iceberg' of the peripheral neuropathy of leprosy. Concerning our data in this 
study, it should be born in mind that our nerve function assessment instruments were 
crude, particularly for sensibility testing, and that, therefore, the true prevalence and 
incidence in these patients is likely to be higher than reported here . 

Table 6. Comparison of publications on the prevalence of sensory nerve function impairment in leprosy 

Prevalence of nerve function 
Author impairment by classification (%) 
(new or treated Testing Nerves 
patients, or mixed) Type of patients methods examined IT BT BB BL LL Overall 

Brunei el al.62 25 Tuberculoid 2PDa all 20 1 5  65 54 
(treated) 1 8 Borderline ulnar 21 

57 Lepromatous median 6 
ulnar + median 7 1 

Dorairaj el al.42 100 in-patients (IP) TST (mf)b post.tib. IP 78 
(mixed) 1 00 village patients (VP) VP 63 
Becx-Bleumink & 1 6 1 field patients with recent TST (bp) SNFlc 49 
BerhelO (treated) « 6 months) NFl ulnar 44 

median 36 
post.tib. 68 

Bell-Krotoski6 22 1 community-based TST (mf) CBP(S) 55 50 50 75 75 67 
(treated) hospital outpatients (CBP) 

Brown et al.41 35 hospital outpatients TST (mf) ulnar, TST 29 
(treated) 3 IT, 1 3  BT, 2 BB, SNCC SNC 54 

1 1  BL, 6 LL median, TST 1 3  
SNC 29 
radial, TST 29 
SNC 37 

van Brakel & Khawas Hospital outpatients (new) TST (mf) SNFI 0 29 0 34 24 29 
(new) 2 IT, 202 BT, 7 BB, ulnar(S) 1 7 

1 3 3  BL, 42 LL, 10 PN median(S) 8 ·8 
posuib (S) 2 1 

a 2PD, 2-point discrimination (static); b mf, monofilament: I or more graded nylon monofilaments; bp, ballpoint pen; 
C SNFI, sensory nerve function impairment; d SNC, sensory nerve conduction testing (including velocity, amplitude and 
latency). 
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Table 7. Comparison of publications on prevalence of motor nerve function impairment in leprosy 

Prevalence of nerve function 
Author impairment by classification (%) 
(new or old Testing Nerves 
patients, or mixed) Type of patients methods examined IT BT BB BL LL Overall 

Magora el af.63 20 Indeterminate MCV' ulnar, 206b 26 
(new?) 8 Tuberculoid median, 77 1 3  

8 Dimorphous radial, 46 6· 5 
67 Lepromatous lat.pop, 108  1 6 

Becz-Bleumink & 1 6 1  field patients with recent VMT (s)' MNFI 23 
BerhelO (treated) ( < 6 months NFl) facial 29 

ulnar 39 
median 1 5 
lat.pop I I  

Bell-Krotoski6 22 1 community-based VMT (l) CBP 55 60 65 70 70 65 
(treated) hospital outpatients (CBP) 

Brown el al.41 35 hospital outpatients VMT (l) ulnar, VMT 30 
(treated) 3 IT, 1 3  BT, 2 BB, MNCd MNC 37 

I I  BL, 6 LL median, VMT 1 3  
MNC 20 
radial, VMT 10 

van Brakel & Khawas Hospital patients (new) VMT (l) MNFI 0 24 0 28 1 4 24 
(new) 2 IT, 202 BT, 7 BB, facial 5 ·6 

1 33 BL, 42 LL, 10 PN ulnar 20 
median 3 ·8 
radial 1 ·0 
lat.pop 4·8 

• MCV, motor nerve conduction velocity testing; b the numbers refer to the number of nerves tested; ' I, 'long' VMT, using 
0-5 MRC scale; s, ' short' VMT, using only the categories 'strong', 'weak' and 'paralysed; d MNC, motor nerve conduction 
testing (including velocity, amplitude and latency). 

T H E  P R E V A L E N C E  A N D  I N C I D EN C E  O F  N E R V E  F U N C T I O N  I M P A I R M EN T  

The published studies of an epidemiological nature on the occurrence of NFl in leprosy 
that deal with bigger numbers of patients are summarized in Tables 6 and 7 .  There is 
considerable variance between the results due to differences in methods of testing, 
criteria for selection of patients (often not mentioned) , etc. 

The prevalence of ulnar, median, lateral popliteal and posterior tibial impairment 
found by Becx-Bleumink & Berhe lO was understandably higher than in the present study 
since they report on a select group of treated patients with nerve function impairment. 
Overall motor impairment prevalence in the former study was 23 % vs 24% in ours . 
These similar results may be explained by the fact that our study used a more detailed 
VMT, detecting more motor impairment than the short field VMT used in the Ethiopian 
study. Srinivasan et al.40 found 46 · 7% motor impairment in 373 ulnar nerves. 

Brown et at. , testing with graded nylon monofilaments, reported a prevalence of 
sensory impairment of 29% for ulnar and 1 3 %  for median nerves.41 This is appreciably 
more than in our study, probably due to the fact that Brown et al. used graded 
monofilaments, which are much more sensitive than the single filament we used. 
Dorairaj et al. found 63 % posterior tibial impairment among village patients,42 which 
is very similar to the 68 % found by Becx-Bleumink. 

The incidence of neural impairment was higher in BL patients than in BT patients. 
This may be due to the increased risk of reversal reactions among BL patients that has 
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been observed i n  Ethiopian patients and also i n  ours. 1 0 ,43 W e  are not aware o f  any other 
studies reporting the incidence rates of neural impairment, so no direct comparisons 
could be made. 

R I S K  F A C T O R S  

One of the most significant findings of this study i s  that extensive clinical disease, 
expressed as 'number of body areas involved' or as a count of skin or nerve lesions, 
carries a much higher risk of developing nerve function impairment than limited disease . 
For NFl occurring after the start of antileprosy treatment this risk was increased up to 5 
times . This means that new patients with extensive disease ( >  2/9 body areas involved, 
and/or > 1 0  skin leasions and/or > 3 nerves enlarged) should be given appropriate 
health education, encouraging them to come back for examination immediately should 
any signs or symptoms of NFl or neuritis occur. Their nerve function should be carefully 
monitored at every clinic visit. 

N E R V E  F U N C T I O N  A S S E S S M E N T  

Our ability to detect peripheral neuropathy obviously depends on the sensitivity of the 
instruments used during the NF A. In Nepal many field staff believed until recently that 
motor function was more important than sensibility, so if any assessment was carried 
out, it was only a crude field VMT. The importance of sensibility was well-illustrated by 
Moberg44 when he called touch sensibility or 'tactile gnosis' the 'eyes of the hands ' .  
Without it the hands are 'blind' and therefore severely disabled, and prone to trophic 
ulceration . The current results underline the importance of the testing of sensibility as 
the incidence of sensory impairment was almost twice as high as the incidence of motor 
impairment. Sensory testing in the field is usually done with the 'ballpen test' ,  as 
recommended by Jean Watson.45 This test and the field VMT certainly brought a great 
improvement to many field programmes where no NF A was done at all, but these tests 
as well as our I O-g and 75-g monofilaments are not sensitive enough to detect early NFL 

There are 3 areas which are of particular importance in the assessment of nerve 
function in leprosy: 

Early detection of NFl 

This is based on the assumption that early detection will lead to improved treatment 
prognosis. It has been shown that motor and sensory nerve conduction velocity 
measurements are able to pick up NFl before it becomes clinically evident. 7,46 Brown 
et al. found up to twice as much neural impairment with nerve conduction testing as with 
manual tests of sensibility and motor function.4 1  Other modern advanced techniques 
that have been reported to be sensitive in diagnosing NFl in leprosy include radio
isotopic scintillography in a gamma camera,3 vibrometry,47 and the use of a laser 
Doppler flow meter.48 A range of simple but useful neurological tests is available that 
could be used even under field conditions.49 

Many of our patients who had 'normal' sensibility when measured with the 
previously used l O-g monofilament already had advanced impairment of touch 
sensibility when tested with the graded Semmes-Weinstein monofilaments, where the 
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force for 'normal' is 200 mg (data not shown) . The use of graded nylon monofilaments 
has been found to be a sensitive and repeatable method to detect early nerve damage and 
to monitor the response of NFl to treatment.49-52 It would greatly facilitate comparison 
of study results if the filaments and testing technique used would be standardized. A 
detailed description of the 'state of the art' of this testing method was given by Bell
Krotoski . 53 

Although epidemiological evidence is lacking it seems reasonable, on the basis of the 
histopathological evidence,54 to believe that autonomic function and temperature 
discrimination, mediated by small, unmyelinated fibres, may be affected first. Reliable 
and repeatable testing of these modalities remains difficult, but has become possible with 
electronic instruments.48 ,55 These instruments could also be of help for the so important 
testing of validity and reliability of NF A instruments. 56 

Protective sensibility 

Although detection of early NFl is very important from the point of view of treatment/ 
prevention, it is of great practical importance to know whether a patient has 
residual protective sensibility in hands or feet. Discussion of what constitutes protective 
sensibility is beyond the scope of this paper. The level of residual protective sensibility, 
expressed as touch sensibility thresholds, has been found to be 2 g in the hand,57 and 
about 1 0  g in the foot.47,58 

The patient 's poin t  of view 

From a patient's point of view there are three conditions affecting the quality of life that 
are of major importance . The presence or absence of uncomfortable symptoms, like 
paraesthesia and shooting pains, physical deformities, and the (dis-)ability to function 
normally . If such adverse conditions can be cured or prevented, or at least minimized, 
the patient will be satisfied with his treatment. Therefore, the prevention of impairments 
and disabilities should be a priority of treatment . Effective antibacterial treatment is 
essential, but several investigators 10,59-6 1  have suggested that powerful bactericidal 
therapy might increase the risk of severe reactions and NFL The current study revealed 
no differences in the risk of developing NFl between patients on MDT and those on 
dapsone monotherapy. However, caution is necessary. New and even stronger anti
bacterial drug combinations, which do not contain ciofazimine, should be carefully 
monitored for incidence of NFl compared with other standard regimens . More data on 
the epidemiology of nerve function impairment and reactions in leprosy under current 
treatment regimens are therefore urgently needed . 

The data in this paper refer to a self-selected group of hospital outpatients who are 
likely to be at higher risk of NFl than the whole leprosy 'patient population' which they 
are a part of. The prevalence and incidence figures can, therefore, only be generalized to 
referral centres and not to field programmes. The risk indicators should be valid even 
under field conditions, although confirmation of this is needed. Whatever the true rates 
in the population, it is evident that neural impairment is a frequent complication of 
leprosy, even after effective antileprosy treatment has been initiated. Regular assessment 
of nerve function should be a regular part of the management of every leprosy patient, 
particularly of those identified to be at increased risk. 
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With the nerve function assessment instruments used i n  this study about 3 3% o f  our 
patients were found to have sensory and/or motor impairment at first examination . 

An additional 78 (20%)  developed severe NFl during or after their antileprosy 
treatment in a mean follow-up period of 2 1 -months. NFl is thus not an infrequent 
complication affecting patients on regular antileprosy treatment. 

Risk of developing nerve function impairment was increased in patients who had 
more extensive clinical disease ( >  2/9 body areas involved or > 1 0  skin lesions) . 

Further epidemiological studies on peripheral neuropathy in leprosy, validation of 
NF A instruments, and trials and improved protocols for the treatment and prevention 
of NFl are urgently needed. 
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