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C H A P T E R  1 

General introduction

“I was rereading a favourite arti cle, “A Short History of Leprosy in Postage Stamps”, when I 

suddenly wondered what the average person thought leprosy was. I asked a random passer-

by (okay, my daughter) and she said something along the lines of ‘their hands and legs fall 

off , and someti mes even their heads’. I’m sure she meant their noses, rather than their heads. 

However, like many of us, she believed that leprosy caused bits of your body to fall completely 

off  – but that’s not true.” [1]
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I. GENERAL BACKGROUND

What is leprosy?
Leprosy is an infecti ous disease dati ng back to ancient ti mes before Christ. Most likely, the infecti on 

spread slowly from Asia to Europe and from there to the Americas, Australia and New Zealand. In 

Europe, the number of infected people reached its peak in the 13th century. Aft er the 16th century, 

leprosy was on the decline over most of Europe and the number of people aff ected by leprosy fell 

rapidly [2,3]. Nowadays, many people only know leprosy from stories, pictures or books since the 

disease has become less and less prevalent. 

Cause 
Leprosy is caused by the bacillus Mycobacterium leprae. Leprosy bacilli are most probably spread 

through ti ny droplets from the nose or mouth from infected and untreated individuals. Most 

people will never know that they have been infected because their immune system functi ons well. 

But when the immune system fails to respond eff ecti vely to the anti gens of the bacilli, the disease 

will develop. The ti me between infecti on and the fi rst visible signs of leprosy varies greatly and is 

usually between two and twelve years, but someti mes more than 20 years [4,5]. 

Signs, symptoms and classification
To confi rm whether a person has leprosy, at least one of three signs should be found during a clini-

cal examinati on: loss of feeling in typical skin patches, enlargement of peripheral nerves and the 

presence of leprosy bacilli in a skin smear [4]. In the early stage of leprosy, called indeterminate, 

one or few unusual spots or patches on the skin may occur. Oft en the disease heals spontaneously, 

but someti mes the disease progresses to an advanced form. This depends mainly on how the 

immune system of an individual responds [6]. 

Ridley and Jopling described a spectrum of leprosy forms, known as the Ridley-Jopling classifi ca-

ti on [7]. At one end of this spectrum is the tuberculoid form (TT) of leprosy. People with this form 

have a strong immune response resulti ng in few signs and symptoms of the disease. They oft en 

have only one or very few well-defi ned skin patches and a low number of bacilli in their body. At 

the other end of the spectrum is the lepromatous (LL) form of leprosy. People with this form have 

no or very litt le immune resistance and present with skin patches all over the body and harbour 

many bacilli. Most people have one of the intermediate forms of leprosy: borderline tuberculoid 

(BT), mid-borderline (BB), or borderline lepromatous (BL). These forms are less easy to disti nguish 

and less stable, meaning that one can shift  from one form to another [6,8]. This may happen during 

so-called reacti ons, which will be described below. 

The Ridley-Jopling classifi cati on is very useful for prognosis and treatment of leprosy. For example, 

people with borderline leprosy have a much higher risk of developing reacti ons than people 

with tuberculoid leprosy, and the lepromatous form needs longer anti bioti c treatment than the 

tuberculoid form [9]. In practi ce, it may be diffi  cult to determine the form of leprosy according 
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to the Ridley-Jopling classifi cati on. To make decisions about treatment easier, The World Health 

Organizati on (WHO) developed an additi onal simplifi ed dichotomous classifi cati on, paucibacillary 

(PB) leprosy or multi bacillary (MB) leprosy. Currently, people with fi ve or less skin lesions are clas-

sifi ed as paucibacillary (PB) leprosy, while people with six or more skin lesions are classifi ed as 

multi bacillary (MB) leprosy [10]. 

Reacti ons are periods of infl ammati on in the skin and nerves. They are caused by the body’s im-

mune response to the anti gens of the leprosy bacilli. Infl ammati on in nerves may result in loss of 

functi on due to swelling and pressure in the nerve. Reacti ons are the main cause of acute nerve 

damage and disability in leprosy and occur in about 10-30% of people with leprosy [11]. There are 

two types of reacti ons. Type 1 reacti on or reversal reacti on (RR) is a delayed or increased immune 

response resulti ng in acute infl ammati on in existi ng skin lesions and in peripheral nerves. The in-

fl ammati on is usually confi ned to skin and nerves [12]. This type of reacti on may occur at any ti me 

during the disease, but most oft en within the fi rst six months of anti bioti c treatment, however 

it may also occur years aft er treatment [13]. It is only seen in people with borderline leprosy and 

occurs in about a quarter of these people [14]. Type 2 reacti on or erythema nodosum leprosum 

(ENL) is a reacti on to circulati ng immune complexes in the blood. New, red and painful nodules in 

the skin appear. ENL is systemic and other organs but the skin may be aff ected, such as eyes and 

joints. People oft en feel ill due to fever and general malaise. ENL usually occurs fi rst during treat-

ment and oft en more episodes follow, making it a chronic conditi on. ENL is only seen in people 

with lepromatous (BL or LL) leprosy, and the proporti on experiencing ENL varies from about 5% to 

almost 50% [14,15]. Figure 1 shows an overview of the Ridley-Jopling classifi cati on and reacti ons.

Indeterminate self-healing

BT BB

tuberculoid
stable

TT BLBB

lepromatous
stable

LL

Type 1 reac�ons (RR)

Type 2 reac�ons (ENL)

Figure 1. Ridley-Jopling leprosy classifi cati on and reacti ons

Epidemiology
In 1991, the WHO set the target of eliminati ng leprosy as a public health problem by the year 

2000 [16]. The eliminati on campaign of the WHO resulted in increased eff orts of countries to make 

communiti es aware of leprosy, to fi nd new cases and to provide anti bioti c treatment. Between 
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1985 and 2004 more than 13 million people were cured and the number of registered people had 

fallen by almost 90% [17]. Although the WHO target was achieved at the global level by the end of 

2000, several countries sti ll have not reached this goal at nati onal level [18]. 

The eliminati on campaign, and especially the defi niti on used for eliminati on, has raised much 

discussion. A conventi onal defi niti on of eliminati on of a disease is the reducti on to zero of the 

incidence of a specifi ed disease in a defi ned geographical area as a result of deliberate eff orts [19]. 

The latest WHO stati sti cs show that the detecti on of new leprosy cases is ongoing. In 2007, about 

258,000 new cases were detected [20]. Instead of achieving eliminati on of leprosy, resulti ng in a 

reducti on to zero of the incidence, the WHO targeted control of leprosy, defi ned as the reducti on 

of disease incidence, prevalence, morbidity or mortality to a locally acceptable level as a result of 

deliberate eff orts [19,21]. Another point of discussion has been the defi niti on of a leprosy case. 

Only people registered for anti bioti c treatment on 31 December of a calendar year are counted, 

meaning that people in need of other treatment or care for complicati ons or disability, or people 

who completed a single-dose or 6-month anti bioti c treatment before the end of the year are not 

included. Also, the durati on of treatment for people with MB leprosy changed from 24 months 

to 12 months and halved the prevalence of this group. The drop in prevalence therefore refl ects 

in part the shortened treatment durati on [22]. Achieving eliminati on of leprosy according to the 

conventi onal defi niti on requires more than control. First of all an eff ecti ve interventi on is needed 

to interrupt the transmission of the leprosy bacillus [21].

Treatment
If recognised early, leprosy can be treated easily and it will not cause the disabiliti es that most 

people think of whenever they hear the word ‘leprosy’ [4]. Leprosy infecti on can be treated eff ec-

ti vely with a combinati on of several anti bioti cs (dapsone, rifampicin, clofazimine), called multi drug 

therapy (MDT). In general, pati ents with PB leprosy receive treatment (dapsone and rifampicin) 

for six months and those with MB leprosy are treated with dapsone, rifampicin and clofazimine 

for 12 months [18]. 

Consequences
More than most other diseases, leprosy has a very negati ve image. People aff ected by leprosy 

fear sti gmati zati on and discriminati on. In the past, ‘lepers’ were regarded as unclean and highly 

contagious. They were oft en sent to isolated houses or colonies and in Europe they had to carry 

a warning bell or clapper [3,23]. Wrong beliefs about leprosy and social exclusion sti ll seem very 

diffi  cult to eliminate. 

Leprosy is a disabling disease. Acute nerve damage may cause loss of feeling and muscle weak-

ness, especially in the hands, feet and eyelids, called primary impairment. If untreated, this may 

lead to secondary impairment, such as unintenti onal wounds, ulcers, contractures of fi ngers and 

toes, blindness and deformity [14]. 
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II. DISABILITY

Definition of disability
The concept of disability has changed remarkably over the past decades. In 1980, the Internati onal 

Classifi cati on of Impairments, Disabiliti es, and Handicaps (ICIDH), developed by the WHO, was 

published as a framework to classify consequences of ill health in terms of impairments, disabili-

ti es and handicaps. Impairment was defi ned as “any loss or abnormality of psychological, physi-

ological or anatomical structure or functi on’ and disability as ‘any restricti on or inability (mostly 

resulti ng from an impairment) to perform an acti vity in the manner or within the range considered 

normal for a human being” [24]. In the 1990s, this classifi cati on has been revised and the new 

version was published in 2001 as the Internati onal Classifi cati on of Functi oning, Disability and 

Health (ICF). The main diff erence between the two classifi cati ons is that the ICF takes into account 

the eff ects of interacti on between personal factors, environmental factors and health conditi ons 

on functi oning and disability. Disability is no longer seen only as a result of physical impairment, 

but the new concept covers impairments, acti vity limitati ons and parti cipati on restricti ons [25]. A 

proposed new defi niti on of disability is: “diffi  culty in functi oning at body, person or societal levels, 

in one or more life domains, as experienced by an individual with a health conditi on in interacti on 

with contextual factors” [26]. Figure 2 shows the ‘dynamic’ ICF model of functi oning, disability and 

health.

  Health condi�on
(disorder or disease)

    

Func�oning
(disability)

 
 

  
  

  
 

  
 

 
 

 

Body func�ons 
& structure

(impairments)
 

Ac�vity
(limita�ons)  

Par�cipa�on
(restric�ons)

Contextual 
factors 

Environmental factors Personal factors

Figure 2. ICF model of functi oning, disability and health 

Burden of leprosy disability
Leprosy is a leading cause of permanent physical disability among infecti ous diseases [27]. In 2004, 

the WHO reported that “although MDT has had a dramati c impact on global prevalence, there are 

sti ll two to three million people with deformiti es worldwide” [17]. But leprosy causes more than 
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physical disability. Being ‘disabled’ as a person in daily life through sti gmati zati on and discrimina-

ti on is oft en experienced as a far worse consequence of leprosy. Many people aff ected by leprosy, 

especially those with visible disability, may experience severe social, economic and psychological 

problems, such as divorce, unemployment, exclusion from social acti viti es, rejecti on of family and 

community, and mental distress [28,29].

Prevention of disability (POD)
An important overall aim of leprosy control programmes is to prevent disabiliti es. Preventi on of 

disability (POD) in leprosy has mainly focused on preventi ng permanent impairment, reversing 

impairment, and preventi ng further impairment and disabiliti es. POD acti viti es aimed at prevent-

ing permanent disability include early detecti on and treatment of acute nerve damage and reac-

ti ons. Interventi ons for preventi ng worsening of established disability are for example, self-care 

of impaired eyes, hands and feet and provision of appropriate assisti ve devices or footwear and 

reconstructi ve surgery [30]. With the current broader defi niti on of disability, POD in leprosy may 

be bett er defi ned as ‘a concept comprising all acti viti es at individual, community and programme 

level aimed at preventi ng impairments, acti vity limitati ons and parti cipati on restricti ons’ [11]. This 

includes also acti viti es which help people to rehabilitate socially and economically, such as coun-

selling, educati on, vocati onal training and advocacy [31]. 

Early detection and assessment of nerve damage
Disability due to leprosy is preventable. The key to preventi on of disability is early recogniti on, 

diagnosis and treatment of leprosy infecti on and acute nerve damage [32-34]. Nerve damage may 

develop slowly or without overt signs. It is oft en the symptoms of a reacti on (e.g. infl amed skin 

patches, tender nerves, nerve functi on impairment) that force people to seek help [35,36]. People 

are oft en unaware or ignorant of the early signs and symptoms of leprosy. This is an important 

cause for delay in diagnosis and treatment. Further delay may be caused by consulti ng practi ti o-

ners in traditi onal and alternati ve medicine, misdiagnoses, sti gma, and costs and accessibility of 

health services [37-39]. Delay is a recognised risk factor for nerve functi on impairment at diagnosis. 

Identi fying underlying causes of delay and fi nding ways to minimise delay is important in prevent-

ing or detecti ng nerve damage in an early stage. A delay of no more than six months has been 

proposed as an indicator of good practi ce in leprosy control [36]. 

Early and correct assessment of nerve damage is also essenti al for preventi on of disability. If 

people present with leprosy, hands and feet are tested for loss of feeling (sensory testi ng) and a 

number of possible aff ected muscles are tested for loss of muscle strength (VMT). Sensory testi ng 

is preferably done with Semmes-Weinstein monofi laments (MF). Feeling in hands or feet is exam-

ined by touching the skin on specifi c sites with a fi lament and press unti l it bends. The bending 

occurs when a standard force is applied. Filaments with diff erent bending forces are used to assess 

the severity of sensati on loss. Filaments are not always available and require training before use. 

In practi ce, a ballpoint pen is oft en used which is widely available, but less standardised [40-42]. 
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Testi ng for muscle weakness is done by examining the movement of specifi c muscles in hands, feet 

and eyelids. The movements can be graded on a 6-point scale (Medical Research Council grading) 

or with a simplifi ed grading system (strong, weak, paralysed) [40,43,44]. Recently, new tests, such 

as nerve conducti on and warm detecti on threshold testi ng, were found to be promising tests for 

improving early detecti on of (subclinical) nerve damage [45]. 

Nowadays, leprosy control shift s from specialised leprosy clinics towards integrati on in general 

health services. General health workers will need to be trained in understanding the basics of 

leprosy diagnosis and treatment and nerve functi on testi ng. Due to their many responsibiliti es and 

limited ti me, rapid and simple, but accurate tests will be needed. 

Treatment of nerve damage and reactions 
Recent nerve damage (durati on less than six months) and severe type 1 reacti ons can be treated 

with corti costeroids. These are the drugs of choice but the response to corti costeroid treatment 

seems to depend on the severity and durati on of nerve functi on impairment before the start of 

treatment and the durati on of treatment [46-48]. The earlier corti costeroids are given aft er onset 

of nerve damage, the more likely permanent damage will be prevented [49,50]. In general, about 

60% of the people has improved nerve functi on aft er corti costeroid treatment [51]. The shortcom-

ings of corti costeroids, including the risk of serious adverse eff ects, raise the need to fi nd and 

test alternati ve drugs and therapies for treati ng nerve damage. One alternati ve therapy, which is 

commonly used in practi ce, is decompressive surgery. Several studies have shown improvement 

in nerve functi on and relief in nerve pain aft er surgery (e.g. [52-54]). But it is sti ll unclear whether 

surgery is more benefi cial than or adds substanti ally to corti costeroid treatment. Other therapies, 

such as azathioprine and ciclosporin, are under investi gati on or need further examinati on [51].

Type 2 reacti on (ENL) oft en requires a diff erent treatment than type 1 reacti ons. The chronic and 

complex nature of ENL makes it diffi  cult to treat it adequately and safely. Drugs, such as corti co-

steroids, clofazimine and thalidomide are commonly used, but the opti mal treatment remains 

unclear. Due to serious adverse eff ects of these drugs, alternati ve therapies need to be examined 

[15,55]. 

If people present with disability due to long-standing nerve functi on impairment (durati on of 

more than six months), recovery by medical treatment is unlikely. These people may benefi t from 

training in self-care, reconstructi ve surgery and socio-economic rehabilitati on to cope with the 

disability and to prevent worsening of the disability [31]. 

Rehabilitation 
Over the past 30 years, a comprehensive community development approach, community based 

rehabilitati on (CBR), has been promoted. CBR is defi ned as ‘a strategy within general commu-

nity development for the rehabilitati on, equalizati on of opportuniti es and social inclusion of all 

people with disabiliti es. It is implemented through the combined eff orts of people with disabiliti es 

themselves, their families, organizati ons and communiti es, and the relevant governmental and 
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non-governmental health, educati on, vocati onal, social and other services’ [56]. Traditi onally, lep-

rosy treatment has been carried out by specialised clinics, hospitals and organisati ons, excluding 

people aff ected by leprosy from the general health care system and increasing the risk of sti gma. 

Nowadays, there is a growing trend to integrate leprosy care into general health services and to 

provide social and economic rehabilitati on. New CBR Guidelines are currently developed including 

a chapter on leprosy. These may contribute to inclusion of people aff ected by leprosy in general 

CBR programmes and to enable them “to parti cipate as equal members of the community with 

equal opportuniti es and equal rights” [57].

Measures of disability
A commonly used measure is the WHO disability grading for leprosy, which assesses the severity 

of impairment of eyes, hands and feet. Grade 0 means that neither loss of sensati on or visible 

disability is found in eyes, hands or feet. Grade 1 is given when loss of sensati on is present, but no 

visible disability. Grade 2 means that visible damage or disability is noted. Each hand, foot and eye 

is graded (six scores). The overall grade for a person is the highest individual grade given [31]. Al-

though this grading is oft en referred to as WHO disability grades, a more appropriate term would 

be WHO impairment grades, since the grading addresses only physical impairments [58]. The WHO 

disability grading can also be used as an indicator of the quality of case detecti on by monitoring 

the proporti on of people newly detected with WHO grade 2 [27]. To monitor how the physical 

impairment status changes over ti me, more detailed grading systems have been developed, such 

as the EHF (eyes, hands, feet) score [58] or the Impairment Summary Form (ISF) [59].

Since the new ICF defi niti on of disability, the assessment of disability should also take acti vity 

limitati ons and social parti cipati on restricti ons into account. Two standardised questi onnaires 

for leprosy have been developed, the SALSA scale and Parti cipati on scale. They can be used to 

make comparisons between individuals or groups in diff erent countries, examine changes over 

ti me and evaluate interventi ons. The SALSA scale stands for ‘screening of acti vity limitati ons and 

safety awareness’. It was developed especially for people aff ected by leprosy or diabetes with 

long-standing peripheral neuropathy. The SALSA scale consists of 20 questi ons covering mobility, 

self care, work and dexterity. Each questi on can be answered as being able to perform the acti vity 

or not. If the answer is yes, then the next questi on is how easy it is to perform the acti vity. When 

a negati ve answer is given, the reason for not being able to perform the acti vity is asked. A low 

overall score indicates litt le diffi  culty with acti viti es of daily living and higher scores (≥ 25) are 

associated with increasing levels of acti vity limitati on [60]. 

The Parti cipati on Scale, consisti ng of 18 items, was developed to measure perceived parti cipati on 

problems in a wide range of life situati ons as experienced by people aff ected by leprosy, disability 

or other sti gmati sed conditi ons. In most questi ons, the respondent is asked to compare his level 

of parti cipati on with that of an actual or hypotheti cal ‘peer’. A peer was defi ned as ‘someone 

similar to the respondent in all respects (socio-cultural, economic and demographic) except for 

the disease or disability’. If a person experiences a parti cipati on restricti on, the next questi on is 
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how much of a problem this is to him or her. An overall score of 12 or higher indicates parti cipati on 

problems [61].

III. EVALUATION OF LEPROSY INTERVENTIONS 

Measures of effectiveness
Evaluati on of leprosy interventi ons generally aims at identi fying and measuring the eff ects on pre-

specifi ed outcomes. Oft en, these are clinical outcomes, such as improvement in nerve functi on, 

change in severity of ENL, reducti on in ulcer size, improved grip strength. More recently, quality 

of life or pati ent-centred outcome measures have become important indicators of eff ecti veness, 

since these take the perspecti ve of individuals into account. Two generic measures which combine 

both quanti ty and quality of life are the quality adjusted life years (QALYs) and disability adjusted 

life years (DALYs). The DALY has been used to measure the burden of leprosy disease, but criti cised 

because the disability weights (0.152 for a leprosy case with disability and 0.000 for a leprosy case 

without disability) are likely underesti mati ng the actual burden of disease, since they will not 

adequately capture all the disability resulti ng from leprosy, such as the major psychosocial and 

economic impact of leprosy on the lives of individuals, regardless of having disability or not [62]. 

Leprosy specifi c quality of life assessment tools are the SALSA scale and the Parti cipati on Scale. 

An increasingly important outcome measure is cost-eff ecti veness. Cost-eff ecti veness analysis is 

a form of economic evaluati on which compares two or more alternati ve interventi ons in terms 

of both costs and eff ecti veness. Interventi ons that are less costly and more eff ecti ve compared 

to an alternati ve or existi ng interventi on, give more (health) value for money [63]. This supports 

the ethical view that “limited resources for health should be allocated to maximise the health 

benefi ts for the populati on served” [64]. Cost-eff ecti veness analysis also addresses issues such as 

availability, aff ordability and sustainability of interventi ons. These issues oft en play an important 

role in decision making in countries with limited resources or in integrated setti  ngs.

Evaluating the evidence of effectiveness
Publicati on of clinical studies in leprosy dates back to the early 1950s when dapsone was intro-

duced for the treatment of leprosy, and immune-suppressant drugs for the management of lep-

rosy reacti ons were examined. Over the years much clinical and epidemiological research has been 

conducted in the fi eld of leprosy, but many studies were small-sized and oft en did not fulfi l the 

rigorous methodological criteria that we have now become accustomed to in clinical research [65]. 

Systemati c reviews or meta-analyses are useful in identi fying the best available research evidence 

and several standard guidelines and checklists are now available to criti cally appraise reporti ng 

and methodology of studies [63,66-70].
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IV. RESEARCH QUESTIONS

This thesis aims to defi ne eff ecti ve approaches and directi ons for future programmes, research and 

practi ce to prevent disability in leprosy. We do so by assessing the eff ecti veness of interventi ons 

for the preventi on of permanent disability, such as early detecti on and treatment of nerve damage 

and reacti ons, and of interventi ons aimed at preventi ng deteriorati on of disability (e.g. self-care, 

footwear, surgery, socio-economic rehabilitati on) in leprosy. Preventi on of permanent disability 

refers to preventi ng the primary consequences of acute nerve damage (sensati on loss and muscle 

paralysis). Deteriorati on of disability may result from untreated or neglected primary impairment. 

Examples are ulcerati on, blindness and deformity. The research questi ons of this thesis are:

1. How eff ecti ve are interventi ons for the preventi on of permanent disability in people aff ected 

by leprosy?

2. How eff ecti ve are interventi ons in preventi ng deteriorati on of disability in leprosy?

3. How can programmes aimed at preventi on of disability in leprosy be improved?

V. OVERVIEW OF THE STUDY

Several studies have been undertaken to answer the research questi ons. The fi rst research 

questi on is addressed in chapters 3 and 5-7. Chapter 3 investi gates the relati onship between 

detecti on delay and impairment in two diff erent pati ent populati ons. Chapter 5 and 6 evaluate the 

eff ecti veness of corti costeroids and decompressive surgery respecti vely for treati ng nerve damage 

and severe type 1 reacti ons. Chapter 7 reviews the benefi ts of therapies used in the management 

of type 2 reacti ons (ENL). 

Chapters 8 and 9 refer to the second research questi on. Chapter 8 presents the results of a pro-

specti ve study assessing acti vity limitati on and social parti cipati on and the eff ects of reconstruc-

ti ve surgery on these outcomes in people with hand or foot disability. Chapter 9 gives a criti cal 

overview of cost-eff ecti veness studies evaluati ng interventi ons to prevent disability. 

The third research questi on is partly addressed in chapters 2 and 4 and in the light of the fi rst two 

research questi ons. Chapter 2 explores future trends in the number of people living with disability 

to give insight in the expected burden of leprosy disability in the coming decades. Chapter 4 pre-

sents the results from a study evaluati ng three simplifi ed tests to asses for nerve functi on impair-

ment and discusses the usefulness and feasibility of such tests in integrated health care setti  ngs. 

The thesis ends with a general discussion (chapter 10). This fi nal chapter provides answers to the 

research questi ons, and conclusions and recommendati ons for research and practi ce. 
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SUMMARY 

Background: To explore the relati onship between leprosy incidence trends and the future preva-

lence of WHO grade 2 impairment caused by leprosy. 

Methods: Three scenarios were defi ned to esti mate incidences and prevalences of leprosy impair-

ment beyond 2000, assuming 6%, 12% and 18% annual declines in case detecti on rate respecti vely, 

and 6% impairment among new pati ents. Case detecti on data from 1985 to 2000 were used for 

projecti ng leprosy incidences up to 2020. To esti mate future prevalences of WHO grade 2 impair-

ment, the survival of existi ng and new impaired individuals was calculated. 

Findings: In the 6% scenario, 410 000 new pati ents will be detected in 2010 and 250 000 in 2020. 

The number of people living with WHO grade 2 impairment in these years will be 1.3 and 1.1 

million, respecti vely. The 12% scenario predicts that 210 000 new pati ents will be detected in 2010 

and 70 000 in 2020. The grade 2 prevalences will be 1.2 and 0.9 million, respecti vely. In the 18% 

scenario, the incidence will be 110 000 in 2010 and 20 000 in 2020, and the grade 2 prevalences 

will be 1.1 and 0.8 million, respecti vely. 

Interpretati on: Declines in numbers of people living with grade 2 impairment lag behind trends 

in leprosy incidence. The prevalence of people with grade 2 decreases much slower than leprosy 

incidence and case detecti on in all three scenarios. This implies that a substanti al number of 

people will live with impairment and will need support, training in self-care and other preventi on 

of disability interventi ons in the next decades. 
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INTRODUCTION

Leprosy is a public health problem primarily because it causes impairment and other types of dis-

ability. Demands for support and care are driven by the number of people with disability. Informa-

ti on about this number is limited, because the prevalence of disability among leprosy pati ents has 

not been monitored systemati cally. By consequence, only crude esti mates are available about the 

number of people living with disability. In 1995, the World Health Organizati on (WHO) esti mated 

the number of individuals with grade 2 disability caused by leprosy to be between one and two 

million [1]. In 1998, the Seventh WHO Expert Committ ee On Leprosy menti oned that ‘’there may 

be about three million persons with leprosy-related impairments and disabiliti es in the world, in-

cluding about two million with grade 2 disabiliti es and about one million with grade 1 disabiliti es” 

[2]. 

Although the trends in detecti on of people with leprosy and related disability appear to be declin-

ing, litt le is known about how much and how fast a decline in incidence and prevalence can be 

foreseen in the coming decades. 

The objecti ve of this study was to gain more insight in the dynamics of the burden of leprosy and 

demands for support and care in the near future by exploring the relati onship between trends in 

incidence and future prevalence of WHO grade 2 impairment. By using the best available data, 

trends in expected leprosy impairment prevalences were modelled. Assumpti ons regarding inci-

dence, case detecti on and impairment were made for defi ning diff erent scenarios of numbers of 

people with WHO grade 2 impairment up to 2020.

METHODS

In this study, three scenarios were provided for the numbers of people living with leprosy and vis-

ible impairments up to 2020. These prevalences of leprosy impairment were predicted as follows. 

First, incidences of impairment were determined by calendar year. Considering available data, 

three ti me periods were disti nguished in this fi rst step: the years before 1985, the period 1985-

2000, and the period 2001-2020. From these incidences, age-specifi c incidences of impairment 

were calculated for each calendar year (second step). Thus, each calendar year corresponds to a 

new cohort of new impaired people of diff erent ages. For each age of each new cohort, survival 

analysis was carried out to determine what fracti ons of the cohort would survive unti l the next 

year, the second year, the third year and so on unti l 2020 (third step). The prevalence of leprosy 

impairment in a calendar year is the sum of the numbers of surviving individuals from all cohorts 

(fourth step). All calculati ons were done in Excel spreadsheet. Details on the fi rst three steps are 

provided below. 

Only WHO grade 2 impairment is taken into account, because control programmes as a matt er of 

routi ne almost exclusively report the percentage of newly detected cases with WHO grade 2. We 
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defi ne the prevalence of WHO grade 2 impairment as the number of people living with WHO grade 

2 impairment worldwide at a given point in ti me.

Definition of WHO ‘disability’ grades
The WHO developed a classifi cati on for grading leprosy ‘disability’. According to the Internati onal 

Classifi cati on of Functi oning, Disability and Health (ICF), disability includes physical impairments, 

acti vity limitati ons and parti cipati on restricti ons [3]. Using the ICF defi niti on, the WHO classifi ca-

ti on for leprosy disability grades impairments rather than disabiliti es. In this paper we will refer to 

the WHO leprosy grading as ‘WHO impairment grades’ or ‘WHO impairment status’. The present 

WHO classifi cati on consists of three grades (0-2). Grade 0 means no loss of sensati on and no vis-

ible deformity, grade 1 is given if loss of sensati on exists, but without visible deformity and grade 

2 refers to the presence of visible deformity. The grade of impairment is determined for each eye, 

hand and foot. The maximum grade of any of these body sites is used as an overall indicator of the 

impairment status of a person with leprosy [2].

Incidence of WHO grade 2 impairment before 1985 (step 1)
Data on worldwide numbers of new leprosy cases and new cases with WHO grade 2 impairment 

were only available from 1985 onwards. Incidences of WHO grade 2 impairment in the calendar 

years before 1985 were obtained by backward extrapolati on, as follows. First,  the case detecti on 

rate for 1985 (CDR1985) was calculated by dividing the number of new cases detected in 1985 in the 

‘top 32’ endemic countries by the size of the world populati on in 1985 (see also next subsecti on). 

The resulti ng esti mate for CDR1985 is 1.13 per 10 000 populati on. Of the new cases from these 32 

endemic countries in 1985, 9.6% presented with WHO grade 2 impairment [4]. We denote this 

percentage as FRAC1985, and the size of the world populati on in any given year k as WPOPk. Finally, 

the incidence of WHO grade 2 impairment in any calendar year k before 1985 was calculated as 

FRAC1985, CDR1985, WPOPk. Esti mates for the size of the world populati on in diff erent years in past 

and future were obtained from the U.S. Bureau of the Census [5].

Incidence of WHO grade 2 impairment in the period 1985-2000 (step 1)
For each calendar year in the period 1985-1996, numbers of newly detected cases and of newly 

detected cases presenti ng with WHO grade 2 impairment were reported consistently for 32 en-

demic countries [4]. We used the latt er fi gures as esti mates for the annual incidences of WHO 

grade 2 impairment (see also ‘Discussion’ secti on). The 32 countries were said to represent 93% of 

the global leprosy burden in 1997 and 85% of that in 1985.

In 1996, 5.5% of the newly detected cases was reported to have WHO grade 2 impairment [6]. For 

1997, 1998 and 1999, only global new case detecti on fi gures were reported, and for 2000, both 

global new case detecti on and the associated percentage presenti ng with WHO grade 2 impair-

ment (4%) were reported [7]. The incidences of WHO grade 2 impairment for 1997, 1998, 1999 

and 2000 were esti mated by multi plying the global case detecti on fi gures for these years with the 
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WHO grade 2 percentages (4% for 2000, interpolati on based on 5.5% for 1996 and 4% for 2000 for 

the years 1997, 1998 and 1999). 

The resulti ng cumulati ve incidence of WHO grade 2 impairment over the period 1985–2000 was 

about 680 000 people. The grade 2 incidences for 1985, 1986 to 2000 were respecti vely: 53 009, 

54 203, 51 358, 45 130, 44 104, 45 406, 46 510, 50 288, 50 463, 43 411, 39 966, 29 719, 34 218, 

36 708, 30 498, 26 611.

Incidence of WHO grade 2 impairment beyond 2000 (step 1)
Incidences of WHO grade 2 impairment in the calendar years 2001, 2002 to 2020 were predicted 

as follows. First, the CDRs for these years (CDRk for year k) were calculated using fi xed annual 

declines that were applied to a baseline CDR of 1.13 per 10 000 populati on per year. This base-

line rate was calculated by dividing all new cases detected globally during 1994-2000 (available 

from WHO 2002 data [7]) by the aggregated world populati on size for this period. We used three 

scenarios for the fi xed annual decline: a 6% annual decline, 12% and 18%. The Bangladesh Acute 

Nerve Damage Study (BANDS) reported that 6% of cases newly detected within the programme 

had WHO grade 2 impairment [8]. We denote this percentage as FRACBANDS, and the forecasted 

world populati on size in any calendar year k beyond 2000 as WPOPk [5]. Finally, for each of the 

three annual decline scenarios, we calculated the incidence of WHO grade 2 impairment in year 

k beyond 2000 as FRACBANDS, CDRk,  WPOPk. The above choices made to calculate the incidence of 

WHO grade 2 impairment are moti vated in the ‘Discussion’ secti on.

Age-specific incidence of WHO grade 2 impairment (step 2)
In the earlier secti on, we described how we calculated the total incidence of WHO grade 2 im-

pairment for any calendar year k. To arrive at the incidence of WHO grade 2 impairment at age 

a (a=0,...,89) in calendar year k, we subjected the total grade 2 incidence of year k to the age 

distributi on of all newly detected cases who presented with WHO grade 2 impairment within the 

control programme of the Danish Bangladesh Leprosy Mission in Bangladesh (DBLM, unpublished 

data over 1986-1990; n=881). We are not aware of published data on age distributi ons of newly 

detected leprosy cases presenti ng with WHO grade 2 in routi ne control programmes. The mean 

age of new cases presenti ng with grade 2 in DBLM was 39 years. The contributi ons of the 18 age 

groups 0-4,5-9,...,85-89 to the detecti on of the 881 newly detected DBLM cases with grade 2 were 

0.2%, 0.5%, 4.3%, 5.4%, 9.3%, 11.8%, 13.4%, 11.2%, 11.5%, 6.8%, 8.6%, 5.8%, 5.7%, 2.3%, 2.4%, 

0.2%, 0.5%, 0.1%, respecti vely (we postulated equal shares for the fi ve ages within each 5-year 

age group).

Survival analysis (step 3)
The maximum age considered by us in this study is 89. We applied age-specifi c death rates to 

calculate what fracti on of the incident cases of WHO grade 2 impairment of age a in calendar year 

k, would survive unti l year k+1 (thus having age a+1), unti l year k+2 (thus having age a+2), and so 
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on unti l either age 89 or the year 2020. We derived the age-specifi c death rates from a life table 

for the general populati on of Bangladesh for the year 1994 [9]. The life expectancy at birth for 

Bangladesh was 62 years, which is representati ve for leprosy endemic countries [10]. According 

to this life table, the remaining life expectancy at age 39 was 31 years (39 is the mean age at 

detecti on of the new DBLM cases presenti ng with WHO grade 2, see above). We consider the life 

table from 1994 as a reasonable average for the wide ti me span that is covered by our survival 

calculati ons (e.g. individuals born in 1970 reach age 50 in 2020). For individuals in the age groups 

0-4,5-9,...,85-88, the annual death rates were respecti vely 2.36%, 0.29%, 0.13%, 0.19%, 0.23%, 

0.29%, 0.29%, 0.36%, 0.66%, 0.84%, 1.22%, 1.87%, 2.98%, 4.03%, 6.06%, 12.23%, 25%, 50% (the 

latt er two values were chosen by us since the life table did not extend beyond age 80, and the 

death rate at age 89 was assumed to be 100%).

RESULTS

Incidences of WHO grade 2 impairment 
According to our backward analysis, the esti mated aggregated incidence of WHO grade 2 impair-

ment up to 1985 was 2.4 million worldwide. During 1985-2000 the aggregated incidence of WHO 

grade 2 was 680 000. 

The incidence of leprosy impairment beyond 2000 was predicted with three diff erent scenarios of 

annual decline in incidence rate and CDR. Table 1 shows the esti mated numbers of new individuals 

detected with leprosy during 2001-2020, according to the three scenarios. In the 6% scenario, 

about 250,000 new people will be detected in the year 2020. An annual decline of 12% implies a 

more than ten-fold reducti on in case detecti on between 2000 and 2020; the case detecti on has 

fallen to about 70 000 individuals (72% less than 6% scenario). The 18% scenario predicts that 

about 20 000 new people will be found, which is 92% less than in the fi rst scenario. Yet even in this 

scenario, nearly three million people will be detected up to 2010, and almost half a million people 

between 2010 and 2020.

Table 1. Scenarios for new case detecti on corresponding to a 6%, 12% and 18% annual decline in the 

global incidence rate of leprosy beyond the year 2000.

Number of cases detected 
Cumulati ve number of cases detected 
in a 10-year ti me period

2010 2020 2001-2010 2011-2020

6% decline scenario 410 000 250 000 5.2 million 3.1 million

12% decline scenario 210 000 70 000 3.8 million 1.2 million

18% decline scenario 110 000 20 000 2.8 million 400 000
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Based on the scenarios of leprosy case detecti on beyond 2000, the incidence of WHO grade 2 

impairment was esti mated (table 2). In the 6% scenario, the incidence of WHO grade 2 is 15 000 

cases in 2020, resulti ng in an aggregated incidence of grade 2 of 500 000 cases for 2001-2020 as a 

whole. In the 12% scenario, the annual incidence of grade 2 will have fallen to 4000 people by the 

year 2020, but the aggregated incidence over 2001-2020 sti ll equals 300 000. In the 18% scenario, 

the incidence of grade 2 is 1000 cases in 2020, and 200 000 aggregated over 2001-2020.

Table 2. Esti mated incidence of WHO grade 2 impairment in the years 2001-2020, according to three 

scenarios for the annual decline in the global incidence rate and CDR of leprosy beyond the year 2000.

Number of grade 2 cases 
Cumulati ve number of grade 2 cases 
in a 10-year ti me period

2010 2020 2001-2010 2011-2020

6% decline scenario 25 000 15 000 310 000 190 000

12% decline scenario 13 000 4000 230 000 70 000

18% decline scenario 6000 1000 170 000 30 000

Table 3. Esti mated prevalence of WHO grade 2 impairment in 2010 and 2020, according to three sce-

narios for the annual decline in the global incidence rate and CDR of leprosy during 2000-2020.

Prevalence of WHO grade 2 impairment

2010 2020

Resulti ng from cases from before 1985

Each scenario 460 000 250 000

Resulti ng from cases detected during 1985-2000

Each scenario 510 000 380 000

Resulti ng from cases detected during 2001-2020

6% decline scenario 300 000 430 000

12% decline scenario 210 000 250 000

18% decline scenario 160 000 160 000

Total prevalence

6% decline scenario 1.3 million 1.0 million

12% decline scenario 1.2 million 880 000

18% decline scenario 1.1 million 790 000

Prevalences of WHO grade 2 impairment 
Table 3 gives esti mates of the prevalence of WHO grade 2 impairment in 2010 and 2020. The 

esti mated grade 2 prevalence was 1.3 million in the year 2000, and about one million of these 

individuals survived up to 2010. This group of people contributes at least 75% to the global WHO 

grade 2 prevalence in 2010 in all three scenarios. About two-thirds of this group subsequently 

survives up to 2020 (0.6 million individuals). In this year, the situati on per scenario varies more. 

In the 6% scenario, incident cases from 2001 to 2020 account for about 40% of the global WHO 

grade 2 prevalence of one million. The contributi ons are about 28% and 20% for the 12% and 18% 
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scenario, respecti vely. In the 18% scenario, the WHO grade 2 prevalence in 2020 is sti ll about 800 

000, despite the sharp fall in the incidence of WHO grade 2 impairment to only 1000 in this year.

DISCUSSION

The aim of this study was to gain more insight in the prevalence of leprosy impairment in the fore-

seeable future. To our knowledge, this is the fi rst ti me that projecti ons of future impairment are 

presented. Our predicti ons are based on the best available leprosy case detecti on data from the 

WHO. Our approach was comprehensive, but the outcome should be regarded with some cauti on. 

Rather than att empti ng to provide precise fi gures, this paper intends to present a systemati c way 

of esti mati ng future trends in leprosy impairment. 

Some considerati ons regarding our analysis are needed. The paper gives an esti mati on of the 

total leprosy burden worldwide in the near future. This global leprosy burden was based on data 

reported from 32 endemic countries. These countries represented 93% of the global leprosy bur-

den in 1997 and 85% of that in 1985 (WHO 1998a). Between 1997 and 2000 the number of newly 

detected individuals was the sum of fi ve of the six WHO regions. In the sixth region, Europe, no 

new cases were reported in the previous fi ve years and detecti on of new individuals was consid-

ered negligible. 

To obtain leprosy CDRs for the period 2001-2020, we applied fi xed annual declines to a baseline 

CDR. This baseline rate was calculated using the period 1994-2000 as a whole. In the early 1990s 

case detecti on fi gures were relati vely constant. In the late 1990s the number of newly detected 

cases increased substanti ally, probably due to intensifi ed case-fi nding eff orts and leprosy control 

acti viti es [11]. Since 2001, the numbers have fallen again. In 2003, the incidence level of the early 

1990s was reached and in 2005 the incidence was below this level [12]. It is uncertain how the 

declining trend will develop in the next decades, but our predicti ons based on the period 1994-

2000 may provide a plausible indicator. 

We choose to subject the baseline case detecti on rate to fi xed annual declines of 6%, 12% and 18% 

beyond 2000, considering an earlier scenario analysis by us [13] and more recent data [12,14]. In 

this earlier analysis, we esti mated that incidence rates of leprosy would decrease with 2-12% per 

year between 2000 and 2020. Thus, we did not predict declines in the order of 18% per year or 

more, and the questi on remains whether the drasti c recent declines in case detecti on observed 

in several countries refl ect genuine declines in leprosy transmission, which will be sustained. The 

most remarkable decline is seen in India, which had an annual decline of over 30% between 2002 

and 2005. This country has dominated the global prevalence and incidence fi gures for the last 

decades. In 2002, it contributed for 71% to the total global case detecti on and in 2005 for 54% 

[12,14]. It is diffi  cult to explain this drasti c reducti on in the absence of any systemati c nati on-wide 

interventi on (e.g. vaccinati on) aimed at interrupti ng the transmission of the leprosy bacillus Myco-
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bacterium leprae [15]. Under the conservati ve assumpti on of a decline of 2% per year in incidence 

rate and CDR, the number of people living with WHO grade 2 impairment remains stable between 

2000 and 2020 at 1.3 million individuals. This stability is due to growth of the world populati on 

which compensates the 2% decline in incidence and CDR.

For 1985-2000, published data on worldwide detecti on of new cases presenti ng with WHO grade 2 

impairment were used as direct esti mates for the incidence of grade 2. For the other years, grade 

2 incidences were obtained by multi plying esti mated and predicted CDRs with world populati on 

sizes and with the proporti on of newly detected cases presenti ng with grade 2. Here, the assump-

ti on is that people with WHO grade 2 impairment will be detected and registered eventually, 

because of the severe and visible symptoms that usually force people to seek help. This means 

that for the sake of our calculati ons, identi cal annual declines in CDR and incidence rate beyond 

2000 can be assumed. Stability in the impairment status of leprosy pati ents aft er detecti on was 

also assumed, inspired by studies comparing impairment at diagnosis and release from treatment 

[16]. However, the follow-up period in these studies was not long, and individuals with anaestheti c 

nerves (grade 1 impairment) remain at risk for developing visible deformiti es or damage (grade 

2) aft er release from treatment. The frequency of the reverse – permanent improvement of WHO 

grade 2 impairment aft er release from treatment – will probably be lower.

In additi on, we assumed that a constant 6% of all new cases detected beyond 2000 will have WHO 

grade 2. The WHO recently reported that the proporti on of newly detected people with grade 2 

varies widely across countries, from 1% to 21% [12]. In our opinion, the credibility of proporti ons in 

the order of a few percent may be questi oned. Our 6% assumpti on stems from an extensive study 

conducted within a high-quality control programme with many single lesion leprosy cases [8], and 

may thus very well be on the conservati ve side.

Other factors may infl uence future trends in global prevalence of WHO grade 2 impairment. For in-

stance, the danger exists that decreasing numbers of pati ents may in the future lead to less aware-

ness of symptoms of leprosy among communiti es and health workers and to less intensive control 

eff orts. This increases the risk of late presentati on and more impairment at the ti me of detecti on 

[17]. The opposite is also possible, because it was assumed that there is no excess mortality in 

those with WHO grade 2 impairment. Mortality due to leprosy is oft en not considered important 

since the disease is rarely a direct cause of death. Only few studies report on leprosy-related mor-

tality. Engers and Morel (2003) esti mated that mortality from leprosy worldwide is approximately 

4000 individuals per year, which is indeed low considering that all our esti mates for WHO grade 2 

prevalences are in the order of a million [18]. The WHO esti mates for this prevalence in the 1990s 

were also one to two million [1,2]. From Engers’ and Morel’s paper, it is unclear how the number 

of 4000 was calculated and whether and how many deaths resulted directly or indirectly from 

leprosy. Another study conducted in the Philippines found that the standardised death rate for 

individuals with lepromatous leprosy was fi ve ti mes higher compared to the general populati on 

[19]. Although the study dated from 1954, this result suggests that we may have overesti mated 

prevalences of grade 2 impairment. The sad message would then be that people do needlessly die 

due to leprosy. 
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Finally, it is important to keep in mind that trends in prevalence and case detecti on vary from 

country to country. Studying changes over ti me by country or region and underlying mechanisms 

is recommended to decide on policy and interventi ons specifi c to the needs of a country or region. 

In conclusion, the burden of leprosy consists primarily of impairment and other types of disabili-

ti es, which, in turn, have a major impact on the quality of life of the aff ected individuals. At the 

same ti me that the numbers of people with leprosy decrease, there is a danger that att enti on 

for the disease and in parti cular for the needs of people with impairments due to leprosy also 

becomes less. Our systemati cally conducted study, based on the best available data, shows that 

the declining trend in the number of newly detected leprosy cases is substanti ally faster than the 

decline in the number of people living with WHO grade 2 impairment. In the near future, we can 

sti ll expect about one million people aff ected by leprosy impairment. 

For leprosy programme managers these future projecti ons may be very useful in planning leprosy 

control acti viti es. The most important acti vity will remain early detecti on and treatment to pre-

vent impairment and other types of disability. Careful monitoring of the numbers of existi ng and 

new impaired individuals enables them to fi t interventi ons to the needs and numbers of people. 

Awareness of the large number of disabled people due to leprosy in the near future will be needed. 

Proper health care services, training in self-care and other preventi on of disability interventi ons 

for these people will conti nue to be of vital importance in the next decades. 
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SUMMARY

Background: It is widely acknowledged that longer delays between fi rst symptoms and diagnosis 

result in more impairment in newly detected leprosy pati ents. However, it is unclear whether 

detecti on delay in relati on to impairment can be used as a general or absolute performance indica-

tor of leprosy control programmes. It is unknown whether similar delays always result in similar 

proporti ons of impairment. Therefore, the present study examined the quanti tati ve relati onship 

between delay and impairment in two diff erent pati ent populati ons. 

Methods: Pati ents from two study cohorts (BANDS and AMFES) who reported voluntarily were 

included in the analysis. Data on detecti on delay, WHO impairment status, type of leprosy, age 

and sex were analysed using descripti ve stati sti cs and multi variate logisti c regression analysis to 

identi fy signifi cant risk factors for impairment and to quanti fy the relati onship between detecti on 

delay and impairment status at intake. 

Findings: Detecti on delay was an independent risk factor for impairment at presentati on in 

multi variate analysis. The AMFES cohort reported more impairment at detecti on than BANDS. In 

multi variate analysis, this diff erence was signifi cant among PB pati ents (51% in AMFES versus 15% 

in BANDS), but not in MB pati ents (56% in AMFES versus 45% in BANDS). In fact, for every delay 

category PB pati ents from AMFES had much higher proporti ons of impairment than PB BANDS 

pati ents. Impairment rates in MB pati ents from AMFES were higher in every delay category, but 

the diff erences between the two cohorts were much smaller compared to PB pati ents. 

Interpretati on: Our analysis confi rms earlier fi ndings that with longer delays, the risk of impair-

ment at presentati on increases. With the same reported delay, however, the proporti on impaired 

can vary considerably between diff erent pati ent populati ons, in parti cular for PB leprosy. Delay 

can therefore not simply be used as a general or absolute performance indicator for programme 

evaluati on. Achieving short delays remains important in general, but understanding and address-

ing the underlying mechanisms of delay specifi c to a pati ent populati on adds substanti ally to the 

eff ecti veness of leprosy control. 
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INTRODUCTION

Leprosy is a disease especially known and feared because of the nerve functi on impairment and 

disabiliti es that can result. Time plays an important role in the development of leprosy and of 

nerve damage in parti cular. Therefore, early detecti on and treatment of pati ents is the main focus 

of leprosy control programmes. The quality of such programmes can be monitored and evalu-

ated with specifi c indicators. These are tools for measuring the magnitude of the leprosy problem 

and progress towards achieving the objecti ves of the programme. Because the leprosy situati on 

diff ers between countries, programme quality targets should be country-specifi c and based on 

recent trends [1]. One indicator of interest in leprosy control is detecti on delay in relati on to the 

proporti on of pati ents with impairment. Detecti on delay is defi ned as the ti me between noti cing 

the fi rst symptoms and the diagnosis of leprosy. Several studies (e.g. [2-5]) have investi gated the 

relati onship between detecti on delay and the impairment status of leprosy pati ents at the ti me 

of detecti on. All of these studies found that with longer delays the risk of impairment increases. 

However, the studies report diff erent impairment rates when the reported delays are the same. For 

instance, data from Ethiopia showed that 36% of the pati ents with a delay of 0-1 years presented 

with impairment, while this proporti on was only 12% in Bangladesh [2,3]. Nicholls et al. suggested 

in an earlier paper that a threshold defi ning early presentati on (e.g. less than six months) could be 

used as an indicator for good practi ce in leprosy control [3]. From the data, however, it is unclear 

whether the relati onship between delay and impairment is the same in all situati ons. For example, 

is it true that with a delay of less than one year the impairment rate is always 15%? The questi on 

thus arises if this relati onship is in general valid. 

The present study was done to investi gate diff erences in impairment status at the ti me of de-

tecti on by comparing two pati ent populati ons from diff erent countries. The questi on posed is 

whether detecti on delay in relati on to impairment is a generally applicable performance indicator 

of the quality of leprosy control programmes in terms of reliability and consistency. The overall aim 

is to obtain a bett er understanding of the relati onship between delay and impairment and the role 

of early detecti on in leprosy control.

MATERIALS AND METHODS

Patient populations
For the analysis, two cohorts consisti ng of newly detected leprosy pati ents were compared. One 

cohort was from The Bangladesh Acute Nerve Damage Study (BANDS). This prospecti ve cohort 

study was supervised by the Danish Bangladesh Leprosy Mission, which runs a well-developed 

verti cal leprosy control programme. The BANDS cohort included 2664 pati ents newly registered 

for multi -drug therapy (MDT). Enrolment of pati ents was from April 1995 to March 1996 [6]. Pa-

ti ent detecti on was either acti ve or passive. Of the new pati ents, 43% reported voluntarily (passive 
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detecti on) [3]. Full details of the research design and methodology of BANDS can be found in an 

earlier paper [6]. 

The other cohort was part of the ALERT MDT Field Evaluati on Study (AMFES). The project was 

carried out in a selected area within the verti cal leprosy control programme of ALERT in Central 

Ethiopia. The study design was a long-term prospecti ve cohort study recruiti ng new, untreated 

pati ents in the period from April 1988 to June 1992 [7]. The AMFES cohort included 592 newly 

registered pati ents of whom most reported voluntarily (92%), refl ecti ng the passive nature of 

case-fi nding in ALERT’s leprosy control programme [2]. An earlier publicati on describes the design 

and methods of AMFES in more details [7].

Patient data
For the present comparati ve analysis, only pati ents who reported voluntarily (passive case de-

tecti on) were included. Pati ents with non-classifi able or missing data on one of the variables of 

interest were excluded from the analysis. These variables were sex, age, leprosy classifi cati on, bac-

terial index, detecti on delay and WHO impairment status. The variable age was defi ned as age at 

registrati on in years and divided into fi ve subgroups, following Meima et al. [2]. These age groups 

were 0-14 years, 15-29 years, 30-44 years, 45-59 years and 60 years and over. Ridley-Jopling clas-

sifi cati on and skin smear results were available at intake for both cohorts. To enable comparison 

of the cohorts, these data were used to redefi ne PB and MB. PB pati ents were those classifi ed as 

indeterminate (I), TT, or BT and having a negati ve skin smear. All BB, BL and LL classifi ed pati ents 

and all pati ents with a positi ve skin smear were defi ned as MB [7]. The defi niti on of detecti on 

delay as described in the two projects diff ered. BANDS described detecti on delay as ‘durati on 

of symptoms at registrati on’. The esti mate of the pati ent was cross-checked against signifi cant 

data, such as family, local, religious or nati onal events. Delay was recorded in months and years 

with delays up to one year in months and delays of more than one year primarily in years [3]. In 

AMFES detecti on delay was calculated from the mid-year of the calendar year in which the pati ent 

had noti ced the fi rst symptoms and the registrati on date [2]. The present study used the delay 

categories as defi ned by Meima et al. [2]. These were: up to one year, between one and two years, 

between two and four years, and more than four years. The BANDS programme recorded delay 

mostly in rounded years and included one year in the delay category 0-1 year, two years in the 

delay category 1-2 years et cetera [3]. Impairment status was assessed with the WHO disability 

grading system (grades 0, 1, 2), in this paper referred to by the more accurate term ‘WHO impair-

ment grades’ or ‘WHO impairment status’ [8]. 

Data analysis
The data analysis was aimed at quanti fying the relati onship between detecti on delay and impair-

ment status at intake in two diff erent pati ent cohorts. For this aim, baseline characteristi cs of 

both cohorts were described. Further, logisti c regression was conducted to examine whether the 
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variables sex, age, leprosy classifi cati on and detecti on delay were risk factors for impairment at 

intake. To test the signifi cance of each of these risk factors, odds rati os were calculated with 95% 

confi dence intervals. A multi variate logisti c regression model was used to test the signifi cance of a 

risk factor independent of the other risk factors in the model. The multi variate analysis was carried 

out using a model with all risk factors included simultaneously. For comparison between the two 

cohorts, these regression analyses were done for both cohorts separately and for the combined 

cohort with respect to leprosy type (PB or MB). The stati sti cal programme SPSS was used for the 

analysis. 

RESULTS

Patient characteristics
To enable comparison, only pati ents who reported voluntarily (passive case detecti on) were in-

cluded. In the BANDS cohort, 1133 out of 2664 pati ents (43%) reported voluntarily, while the 

AMFES cohort had 538 out of 586 self-reported pati ents (91%). From these 1671 passively de-

tected pati ents, 77 pati ents were excluded from the analysis. These were pati ents without data on 

bacterial index (n=17) or delay (n=5). Neural leprosy (NL) pati ents were not classifi able as either 

PB or MB pati ents and therefore also excluded from the analysis (n=55). Thus a total of 1594 newly 

registered pati ents from AMFES and BANDS were available for analysis. Table 1 shows characteris-

ti cs of the pati ents at intake according to cohort. 

Sex and age distributi on were comparable between the two projects. Diff erences were observed 

in leprosy type, impairment status at intake and detecti on delay. The distributi on of PB and MB 

pati ents was almost equal (48% versus 52%) in the AMFES cohort, while the BANDS cohort had 

90% PB pati ents and only 10% MB pati ents. Impairment at intake was three ti mes higher in the 

AMFES cohort compared with the BANDS cohort (54% versus 18%). With respect to delay, pati ents 

in the BANDS cohort presented earlier than pati ents from the AMFES cohort (57% versus 26% 

delay up to one year). 

Analysis of risk factors for presentation with impairment
To examine the diff erences in impairment at intake, regression analysis was performed for the 

combined cohort and for each cohort alone. Outcomes from univariate analysis were almost simi-

lar to the multi variate ones. Therefore, only the multi variate results are given in table 2. 
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Table 1. Characteristi cs of new pati ents at intake by cohort.

AMFES (n=517) BANDS (n=1077)

Characteristi c no. cases % of all cases no. cases % of all cases

Sex

Male 325 63 672 62

Female 192 37 405 38

Age in years

0-14 72 14 182 17

15-29 214 41 313 29

30-44 110 21 320 30

45-59 83 16 184 17

≥ 60 38 7 78 7

Type

PB 248 48 974 90

MB 269 52 103 10

Impairment status

Grade 0 240 46 882 82

Grade 1 158 31 115 11

Grade 2 119 23 80 7

Delay in years

0-1 136 26 613 57

1-2 161 31 218 20

2-4 144 28 121 11

≥ 4 76 15 125 12

Table 2a shows the results for the combined cohort. From this table, it can be seen that a signifi -

cantly higher proporti on of impaired PB pati ents was found in Ethiopia than in Bangladesh (51% 

versus 15%), but this was not the case for MB pati ents (56% versus 45%). Diff erences in impair-

ment rates between the two cohorts were mainly observed in PB pati ents. Sex was not found to 

be an independent risk factor for presenti ng with impairment. Only among PB pati ents, females 

had a signifi cantly lower risk of impairment than males, but the diff erence was not very strong 

(p=0.03). In both cohorts, higher age and longer delays were strongly associated with an increased 

risk of impairment at intake. 
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Table 2. Multi variate logisti c regression odds rati os and 95% confi dence intervals of risk factors for im-

pairment at intake based on PB AMFES-BANDS cohort and MB AMFES-BANDS cohort.

Risk factor No. impaired 
(% of cases within 
subgroup)

Multi variate odds 
rati o (95% confi dence 
interval)

No. impaired 
(% of cases within 
subgroup)

Multi variate odds 
rati o (95% confi dence 
interval)

a) AMFES+BANDS PB (n=1222) MB (n=372)
Sex
Male 182/738 (25%) baseline1 140/259 (54%) baseline1

Female 94/484 (19%) 0.70 (0.51-0.96)2 56/113 (50%) 0.87 (0.53-1.42)
Age in years
0-14 22/214 (10%) 0.60 (0.34-1.05) 8/40 (20%) 0.29 (0.12-0.70) 2

15-29 66/383 (17%) baseline1 68/144 (47%) baseline1

30-44 77/324 (24%) 2.12 (1.40-3.22)2 66/106 (62%) 1.86 (1.08-3.22) 2

45-59 74/207 (36%) 3.44 (2.23-5.33) 2 37/60 (62%) 1.76 (0.92-3.38)
≥ 60 37/94 (39%) 3.52 (2.04-6.07) 2 17/22 (77%) 3.62 (1.20-10.90) 2

Delay in years
0-1 92/636 (15%) baseline1 39/113 (35%) baseline1

1-2 68/273 (25%) 1.41 (0.95-2.07) 55/106 (52%) 1.98 (1.10-3.56) 2

2-4 65/165 (39%) 2.35 (1.53-3.60) 2 60/100 (60%) 2.70 (1.47-4.97) 2

≥ 4 51/148 (35%) 2.38 (1.53-3.69) 2 42/53 (79%) 6.23 (2.76-14.1) 2

Cohort
BANDS 149/974 (15%) baseline1 46/103 (45%) baseline1

AMFES 127/248 (51%) 6.73 (4.76-9.51) 2 150/269 (56%) 1.25 (0.73-2.14)
b) AMFES PB (n=248) MB (n=269)
Sex
Male 79/146 (54%) baseline1 104/179 (58%) baseline1

Female 48/102 (47%) 0.95 (0.52-1.71) 46/90 (51%) 0.82 (0.46-1.44)
Age in years
0-14 13/46 (28%) 0.58 (0.25-1.30) 6/26 (23%) 0.30 (0.11-0.85) 2

15-29 37/96 (39%) baseline1 60/118 (51%) baseline1

30-44 28/42 (67%) 2.40 (1.06-5.46) 2 44/68 (65%) 1.46 (0.76-2.81)
45-59 31/41 (76%) 5.25 (2.23-12.39)2 28/42 (67%) 1.57 (0.72-3.42)
≥ 60 18/23 (78%) 5.73 (1.84-17.85) 2 12/15 (80%) 4.14 (1.02-16.8) 2

Delay in years
0-1 30/78 (38%) baseline1 16/58 (28%) baseline1

1-2 31/79 (39%) 1.22 (0.60-2.48) 45/82 (55%) 3.05 (1.43-6.50) 2

2-4 41/58 (71%) 3.90 (1.76-8.65) 2 54/86 (63%) 4.24 (1.98-9.05) 2

≥ 4 25/33 (76%) 6.13 (2.26-16.60) 2 35/43 (81%) 10.2 (3.80-27.7) 2

c) BANDS PB (n=974) MB (n=103)
Sex
Male 103/592 (17%) baseline1 36/80 (45%) baseline1

Female 46/382 (12%) 0.63 (0.43-0.92) 2 10/23 (44%) 1.19 (0.42-3.35)
Age in years
0-14 9/168 (5%) 0.55 (0.25-1.20) 2/14 (14%) 0.37 (0.06-2.11)
15-29 29/287 (10%) baseline1 8/26 (31%) baseline1

30-44 49/282 (17%) 1.90 (1.16-3.13) 2 22/38 (58%) 3.18 (1.06-9.53) 2

45-59 43/166 (26%) 2.98 (1.76-5.05) 2 9/18 (50%) 2.26 (0.63-8.18)
≥ 60 19/71 (27%) 2.84 (1.47-5.50) 2 5/7 (71%) 4.39 (0.62-31.3)
Delay in years
0-1 62/558 (11%) baseline1 23/55 (42%) baseline1

1-2 37/194 (19%) 1.69 (1.07-2.67) 2 10/24 (42%) 1.05 (0.37-3.05)
2-4 24/107 (22%) 1.92 (1.12-3.29) 2 6/14 (43%) 1.28 (0.36-4.61)
≥ 4 26/115 (23%) 1.83 (1.08-3.10) 2 7/10 (70%) 2.75 (0.56-13.6)

1 baseline or reference subcategory 2 signifi cant
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When examining the cohorts separately, some diff erences were observed. Sex was only signifi cant 

in the PB BANDS cohort (p=0.02). Overall, age was an independent risk factor in both cohorts, but 

less signifi cant for MB pati ents. Among PB pati ents, the infl uence of age was more marked in the 

AMFES compared with the BANDS cohort. Increasing delays were signifi cantly associated with 

impairment, except among MB BANDS cohort pati ents. The eff ects of delay were much stronger 

in the PB AMFES cohort compared to the PB BANDS cohort. Not only did PB pati ents in the AMFES 

cohort have more impairment in each delay category, the increase in impairment rate with longer 

delays was much larger. The relati onship between impairment at intake and delay are illustrated 

in fi gure 1. 
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Figure 1. Relati onship between impairment at intake and delay by leprosy type and cohort.

The two MB lines, one for each cohort, have diff erent shapes. The BANDS curve starts with a 

higher proporti on of impairment than that for AMFES, but remains at a constant level for delay 

up to four years. In contrast, the AMFES cohort shows a gradually increasing line, refl ecti ng higher 

impairment rates with longer delays. When delays become longer than four years, the BANDS 

cohort shows a rapid increase in the proporti on impaired. At this point, the impairment rates are 

very comparable, with the AMFES cohort having 81% impairment and the BANDS cohort reporti ng 

70% impairment. The PB curves of both cohorts show also diff erent patt erns. The AMFES curve 

starts with a higher proporti on of impairment and suddenly becomes steeper at a delay of more 

than two years. For the BANDS cohort, the line starts with a relati vely low impairment level and 

remains quite fl at with only a slight increase when delays become longer. When delays are four 

years or more, the proporti on with impairment is more than three ti mes higher in the AMFES than 
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in BANDS cohort (76% versus 23%). The diff erences in impairment rate are more pronounced in 

the PB group, as can be observed from the larger distance between the two PB curves compared 

to the MB curves.

Analysis of possible confounders
The relati onship between delay and impairment was studied in more detail by checking for con-

founding variables. Sex and age had almost similar distributi ons in both cohorts. Although the 

distributi on of PB and MB pati ents was diff erent in AMFES and BANDS cohorts, the proporti ons 

of pati ents according to the Ridley-Jopling classifi cati on were nearly the same in the two cohorts. 

The case-fi nding methods diff ered in both cohorts. In the AMFES cohort, almost all pati ents 

reported voluntarily (91%), while in the BANDS cohort only 43% of all pati ents were detected 

passively. From the BANDS data, it could be seen that in both the PB and MB groups, passively 

detected pati ents had more impairment and MB pati ents were more impaired than PB pati ents. 

However, the diff erences with acti vely found pati ents, also when taking delay into account, were 

not large. 

The Ridley-Jopling classifi cati on does not take into account the number of skin lesions, so we ex-

amined this separately. Data on skin lesions were only available for the BANDS cohort. The results 

are shown in table 3. Of the 969 PB pati ents, 86% had fi ve or less skin lesions and 14% more than 

fi ve skin lesions. Impairment rates increased with higher numbers of skin lesions. While pati ents 

with less than fi ve skin lesions had low impairment rates, for pati ents with more than fi ve skin 

lesions the proporti on with impairment was nearly as high as for PB AMFES pati ents (41% versus 

51%). The impairment rates of the last two groups were also comparable with respect to the delay 

categories. 

Table 3. Frequency distributi on of impairment at intake in 969 passively detected PB pati ents from 

BANDS by delay and skin lesions1

Delay 
in years

1 lesion (52%) 2-5 lesions (35%) > 5 lesions (14%)

No. impaired
(% of cases within subgroup)

No. impaired
(% of cases within subgroup)

No. impaired
(% of cases within subgroup)

0-1 18/294 (6) 21/197 (11) 23/66 (35)

1-2 10/86 (12) 12/72 (17) 14/35 (40)

2-4 6/54 (11) 7/33 (21) 9/18 (50)

≥ 4 10/66 (15) 7/35 (20) 8/13 (62)

Total 44/500 (9) 47/337 (14) 54/132 (41)

1 From the 974 passively detected PB pati ents there were fi ve pati ents with missing data on skin lesions. Four of them had 
impairment. These fi ve pati ents were excluded from the analysis.
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DISCUSSION

Detecti on delay is oft en seen as an important risk factor for the development of impairment. 

Therefore, many leprosy control programmes give high priority to early detecti on of leprosy 

pati ents. A tool that can predict the proporti on with impairment for diff erent delays in all situ-

ati ons would thus be very helpful. The objecti ve of this study was to examine the quanti tati ve 

relati onship between detecti on delay and impairment in two diff erent pati ent populati ons. The 

questi on to be answered was whether detecti on delay in relati on to impairment is a generally 

applicable performance indicator of leprosy control programmes. The main fi nding was the higher 

impairment rates in AMFES compared with the BANDS cohort, while the durati on of the delay 

was the same. This suggests that the relati onship between delay and impairment is not consistent 

across populati ons. For example, of all PB pati ents presenti ng with a delay of more than four years, 

76% were impaired in the AMFES cohort and only 23% in BANDS. Similar to other studies, we 

found that with longer delays the risk of impairment increases. The diff erences were most striking 

among PB pati ents. 

There were some diffi  culti es in making a good comparison between the two populati ons. Firstly, 

it was necessary to redefi ne the leprosy classifi cati on, because diff erent defi niti ons were used in 

the studies. If this was not done, 8% of the pati ents classifi ed as MB in BANDS would have been 

labelled PB in AMFES. Although this is a small proporti on, diff erences in defi niti on may have a 

confounding eff ect on the size and directi on of the relati onship between delay and impairment in 

the diff erent defi ned groups. Secondly, since 1998 the World Health Organizati on (WHO) recom-

mends that PB and MB classifi cati on is based on skin lesion count only; pati ents with one to fi ve 

lesions are PB and pati ents with six or more lesions are MB [9]. Neither of the studies in this 

analysis used these current WHO criteria. Skin lesion count data were only available for BANDS. 

The BANDS data show that 132 out of the 969 passively detected PB pati ents had more than fi ve 

lesions (14%). The impairment rates of these PB pati ents were very comparable to the ones found 

in AMFES PB pati ents. 

Several factors may have a confounding eff ect when comparing detecti on delay in diff erent popu-

lati ons. Various studies describe factors related to delay in presentati on and start of treatment. 

The most important reasons found for delay are inadequate knowledge and awareness of the 

disease and its early symptoms, more belief in traditi onal medicine as fi rst acti on, misdiagnoses 

and sti gma among staff  and poor accessibility to health services [10-15]. 

In the present study some confounding factors may have played a role in comparing the data. 

First, the assessment of detecti on delay depended mainly on the recall of the pati ents themselves. 

With longer durati on of the disease, inaccuracy of recall will be more likely. Diff erences in recall 

form an important source of bias. Also, the reported delay might have depended on knowledge 

and awareness of symptoms. It might be that nerve damage rather than skin patches are regarded 
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as fi rst sign of leprosy due to inadequate knowledge. This may have led to underreporti ng of the 

actual delay, especially in Ethiopia, where leprosy control is less well-developed. In additi on, the 

two studies used diff erent methods to defi ne the durati on of detecti on delay. Therefore, the data 

were transformed for comparison which also can cause bias. 

Another diffi  culty in the comparison were diff erences between the leprosy control programmes. 

Two important aspects here are case fi nding methods and the coverage of leprosy services. With 

regard to case fi nding, in the AMFES programme the vast majority of pati ents reported voluntarily 

(passive case detecti on), while in the BANDS programme, 43% reported voluntarily. More than 

half of the pati ents were found acti vely in BANDS (57%). It is possible that pati ents were found in 

BANDS who would not have been detected if there had been no acti ve case fi nding. The acti ve na-

ture of the BANDS control programme might also have led to more awareness among the general 

populati on of signs and symptoms of leprosy and thus to earlier presentati on of individuals with 

the disease, in parti cular of PB pati ents who have a limited number of skin lesions and no nerve 

damage. Also, the coverage of leprosy services in terms of availability and accessibility is much 

bett er in the BANDS districts than in the AMFES area, making it easier for BANDS pati ents to visit 

a clinic [6,7,15]. The diff erence in degree of delay between AMFES and BANDS may thus in part be 

caused by the diff erence in leprosy control, with the AMFES programme functi oning at a more 

basic level than the BANDS programme. Finally, the diff erences in impairment and delay may also 

refl ect biological variety, although no evidence is available to confi rm this. 

We did not include pati ents with neural leprosy (NL) in the analysis, because these pati ents were 

not classifi able as either PB or MB pati ents. In AMFES there were 3 NL pati ents, all with impair-

ment. The BANDS cohort had 52 NL pati ents, 35 of whom had impairment (67%). Because of 

the high impairment rates in this group of leprosy pati ents, examining this group in more detail 

would be indicated. Due to the explorati ve nature of this study, we only compared two pati ent 

populati ons. To validate and explain further the results found in this study, analysis of more pati ent 

cohorts would be needed. 

From this study it is clear that the relati onship between delay and impairment must be seen in the 

light of the context (e.g. pati ent populati on, quality of the leprosy programme, social and cultural 

atti  tudes and beliefs). Also, the need for uniform defi niti ons and classifi cati on becomes visible 

when doing comparati ve analysis. 

We conclude that our data support the hypothesis that delay is a useful, but relati ve indicator. 

Shorter delays are in general indicati ve of lower impairment rates. However, with similar reported 

delays these rates can vary greatly between diff erent pati ent populati ons, especially among PB 

pati ents. Delay can therefore not simply be used as a general or absolute performance indicator 

for programme evaluati on. Understanding why certain pati ents or populati ons delay more than 

other pati ents or populati ons should be just as important as achieving short delays in preventi on 

of disability (POD) programmes.
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SUMMARY

Background: Rapid and simple tests for diagnosing nerve functi on impairment (NFI) in leprosy 

are required in integrated setti  ngs. We examined whether simplifi ed tests performed by newly 

trained general health workers (GHWs) have comparable diagnosti c accuracy to the reference test 

conducted by experienced physiotherapists. 

Methods: This multi -centre study from India and Bangladesh evaluated three simplifi ed tests 

named: ILEP Learning Guide Two (M2), Indian dance (M3) and a questi onnaire (M4) in 408 people 

aff ected by leprosy. Sensiti vity (Se) and specifi city (Sp) of the three tests were calculated using the 

full assessment (M1) as reference. Se and Sp were calculated at both whole body and individual 

nerve levels: whether any NFI and if single NFI (voluntary muscle testi ng of lid gap, eye closure, 

litt le fi nger out, thumb up and foot up, sensory testi ng of hands and of feet) was present. 

Findings: M2 had 83% Se and 69% Sp, M3 had 76% Se and 84% Sp and M4 had 85% Se and 46% Sp 

in diagnosing any NFI. At the level of single NFI, M2 was most or similarly accurate in diagnosing 

single NFIs with highest prevalence (ST feet, ST hands, litt le fi nger out, thumb up), compared to 

M3 and M4.

Interpretati on: ILEP Learning Guide Two (M2) and Indian dance (M3) were found to be the most 

accurate simplifi ed tests for diagnosing the presence of NFI compared to the reference. M2 was 

the most useful test, because of greatest accuracy for most of the common types of NFI and inclu-

sion of sensory testi ng of the hands. M2 is considered to be a useful tool in the hands of GHWs 

with ti me constraints in integrated setti  ngs.



Simplified tests for the diagnosis of nerve function impairment in leprosy: SMS study

51

INTRODUCTION

In leprosy-endemic countries such as India, leprosy control is increasingly being integrated into 

the general health services. General health workers (GHWs) need to understand the basics of 

leprosy diagnosis and treatment to address the specifi c needs of people aff ected by leprosy and 

to prevent disability [1,2]. Due to their many responsibiliti es and limited ti me, leprosy training for 

GHWs needs to be simple, easy to remember and eff ecti ve. A key element of such training is how 

to assess for nerve functi on impairment (NFI). 

Established methods for nerve functi on assessment in leprosy are sensory testi ng (ST) and volun-

tary muscle testi ng (VMT). Graded monofi laments and ballpoint pen are commonly used for ST. 

The ballpoint pen is considered less standardised than monofi laments, but is widely available [3-5]. 

For VMT, the modifi ed MRC scale (0-5) is a reliable method for grading muscle strength [5-7]. The 

accurate use of graded monofi laments and the modifi ed MRC scale requires training and acquired 

skill. Several studies indicate that skill and experience levels aff ect reliability of testi ng [4,5,7,8]. 

Simplifi ed tests will be more feasible for GHWs to learn and use in a reliable way. They should 

be sensiti ve enough to correctly diagnose NFI (low number of false-negati ves), but also specifi c 

enough not to over-diagnose NFI (low number of false-positi ves). 

Several simplifi ed tests have been developed and used in the fi eld. One is the ILEP Learning Guide 

Two, which was writt en for health workers who may have to manage the early complicati ons of 

leprosy [9]. Another test was proposed by Fritschi using a posture derived from an Indian dance 

[10]. A third simplifi ed test, a screening questi onnaire, was derived from a questi onnaire developed 

at the Internati onal Workshop on Measuring Disablement in Karigiri, India in 2000. The questi on-

naire has been introduced to GHWs in a project aimed at preventi on of impairment and disability 

(POID in six States of India). It is sti ll used, but has been modifi ed, including some added questi ons 

on reacti on and neuriti s. We do not know of any published studies describing or comparing the 

performance of these three tests in terms of sensiti vity and specifi city. 

The purpose of the present study was to investi gate the diagnosti c accuracy of these three simpli-

fi ed tests when carried out by newly trained GHWs as compared to a full assessment (reference 

test) conducted by experienced physiotherapy staff . The main research questi on was: which sim-

plifi ed test is most useful in the hands of GHWs in terms of sensiti vity and specifi city?
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MATERIALS AND METHODS

General health workers (GHWs)
Seven leprosy referral centres in India (Karigiri, Faizabad, Naini, Muzaff arpur, Purulia, Kolkata, 

Salur) and one in Bangladesh (Nilphamari) parti cipated in the study. 

In each centre, GHWs were recruited who had a general health background, but no previous expe-

rience in leprosy. The 30 volunteer testers in this study came from a variety of health backgrounds 

and included nursing students, physiotherapy students, prostheti c & orthoti c engineering stu-

dents, homeopathic doctors, pharmacists, staff  nurses, occupati onal therapists and government 

health assistants. All recruits received 2-days training in leprosy, NFI and the use of a simplifi ed 

test. Each GHW was trained to use only one simplifi ed test. At each centre two simplifi ed tests 

were taught, with 1-3 GHWs trained in each test.

Patients
For this study, pati ents eligible for inclusion were leprosy pati ents aged between 15 and 65 years 

and able to understand and follow instructi ons. In each centre, pati ents who came to the hospi-

tal outpati ent department for treatment received routi ne assessment by a physiotherapy staff  

member who had 4-35 years (mean: 15) working experience in leprosy, using the reference test. If 

pati ents were found to be eligible, they were informed about the study and asked to parti cipate. 

Those who gave informed consent were also assessed the same day by the newly trained GHWs 

using one or two of the simplifi ed tests. Each centre recruited pati ents unti l they had included 

at least 50 pati ents in the study. Only in Bangladesh was this target not achieved. The total data 

collecti on covering the eight centres lasted for a nine-month period in 2004 and resulted in the 

inclusion of 408 pati ents into the study. 

Testing procedure
The GHWs were blinded to the parti cipants’ records and to the results of the full assessment. They 

received only a referral slip with the name and identi fi cati on number of the parti cipati ng pati ent. 

Assessments were done in a suitable space away from distracti ons by other staff  or pati ents. Dif-

ferent testers in the same centre worked in diff erent locati ons to ensure blinding to other assess-

ment results. The order in which testers assessed pati ents was randomised.

Each assessor returned the completed forms to the study coordinator who checked that each form 

was completed, but did not evaluate the results. Results were then entered into a database by 

data clerks in a central locati on.
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METHODS

Method 1: reference test (M1)
The full assessment used to diagnose NFI consists of sensory and motor nerve functi on testi ng. 

Sensory testi ng was done using a 2 g monofi lament for the hand and a 10 g monofi lament for 

the feet. On each hand, four points on the ulnar nerve and six points on the median nerve were 

tested. On each foot, ten points in the area of the posterior ti bial nerve were tested [11]. Sensory 

NFI was defi ned as loss of feeling in two or more points on any nerve of the hand or foot. Muscle 

strength was tested with the modifi ed Medical Research Council (MRC) scale (0-5). Muscles in-

nervated by the facial, ulnar, median, radial, and lateral popliteal nerves were assessed by asking 

the parti cipant to perform fi ve movements: eye closure, litt le fi nger abducti on, thumb abducti on, 

wrist extension, and ankle dorsifl exion [12]. Motor NFI was defi ned as a score of less than four for 

any movement. Results of nerve palpati on and any other eye defects present were also recorded. 

Method 2: ILEP Learning Guide Two (M2) 
The simplifi ed assessment test proposed in the ILEP Learning Guide Two [9] tests four points for 

sensati on on each hand (two ulnar nerve and two median nerve sites) and foot (posterior ti bial 

nerve) with a ball-point pen. Four movements (eye closure, litt le fi nger out, thumb up and foot up) 

test facial, ulnar, median and lateral popliteal motor nerve functi on respecti vely, using a grading 

system of three categories (strong, weak, paralysed). Sensory NFI is defi ned as loss of feeling in 

one or more points for any hand or foot, while motor NFI is defi ned as scoring less than ‘strong’ 

for any muscle. M2 also examines for nerve tenderness and asks the parti cipant about any recent 

vision loss, any sensati on loss, any pain or burning/ti ngling sensati on and any red or infl amed skin 

patches.

Method 3: Indian dance (M3)
Another simplifi ed test to assess for NFI proposed by Fritschi is asking parti cipants to assume 

a posture derived from an Indian dance [10]. It primarily tests motor nerve functi on by asking 

pati ents to perform four movements; eye closure, oppositi on of the litt le fi nger and thumb whilst 

maintaining interphalangeal joint extension, wrist extension, and ankle dorsifl exion. Sensory 

nerve functi on is tested by stroking the lateral sides of both feet with a fi nger. NFI is defi ned as not 

being able to perform any of the movements or not feeling the stroking on either side. 

Method 4: screening questionnaire (M4)
A third simplifi ed test, using a screening questi onnaire, has been introduced to some GHWs in 

India. In this test motor (facial, ulnar, median and lateral popliteal) and sensory (ulnar, median and 

posterior ti bial) nerve functi on are simply tested by observing and questi oning the pati ent about 

signs and symptoms of nerve functi on loss. The questi onnaire consists of fi ve observati ons and 
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eight questi ons. NFI is defi ned as answering negati vely to any of the observati ons or questi ons.

An overview of NFI defi niti ons and tests can be found in the Annex (Tables I and II and Figures I-IV).

Data analysis
The results were analysed by investi gators who were not involved in the assessments. The results 

of each simplifi ed test (M2, 3 or 4) were compared with the results of M1 obtained in the same 

subjects. For the comparisons, variables were dichotomised (yes/no NFI) and new variables were 

computed for the eyes, hands and feet based on the eye, hand or foot with the lowest score. The 

following variables were included in the analysis: sensory testi ng of the hands (ST hands), sensory 

testi ng of the feet (ST feet), litt le fi nger abducti on (fi nger out), thumb abducti on (thumb up), wrist 

extension (wrist up), ankle dorsifl exion (foot up), strong eye closure (eye closure) and presence of 

lid gap (lid gap). 

For each comparison, sensiti vity (Se) and specifi city (Sp) and their two-sided 95% confi dence in-

tervals (CIs) were calculated as measures of diagnosti c accuracy. Sensiti vity is the proporti on of 

people with NFI according to M1 and being diagnosed by the simplifi ed test as having NFI and Sp 

is the proporti on of people not having NFI according to M1 and being diagnosed by the simplifi ed 

test as not having NFI. Prevalence (Pr) was defi ned as the number of people with NFI according 

to M1, as a proporti on of the total number of people. For all our analyses, we used the stati sti cal 

soft ware package SPSS (version 15.0).

RESULTS

Characteristics of study population 
A total of 408 parti cipants were fully assessed for nerve functi on impairment (NFI) with the refer-

ence test (M1). Of this number, 287 (70%) were examined with M2, 238 (58%) with M3 and 280 

(69%) with M4. There were 337 males (83%) and 71 females (17%) included. The mean age was 36 

years. Most parti cipants were currently receiving MDT treatment (62%). About half of the parti ci-

pants had NFI according to M1. The centre in Bangladesh had the fewest number of parti cipants 

compared to the other centres. Results are shown in Table 1.

Overall testing
The overall performance of the tests was compared to the reference (M1). It is a measure of how 

accurate a test is in diagnosing any NFI. For example, if M1 diagnosed sensory NFI of the hands and 

M2 diagnosed motor NFI of foot up on the same pati ent, then the overall result was that M1 and 

M2 agreed on the presence of NFI in this pati ent. This result tells us whether pati ents would be re-

ferred or treated, but does not tell us whether M2 referred or treated for the same reason as M1. 

M2 and M4 agreed with M1 more oft en on the presence of any NFI than on the absence of any 
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NFI. M3 was bett er in the opposite, with relati vely less false positi ves, but more false negati ves. 

M2 misdiagnosed 23% of all pati ents. This is the error rate (ER) which is the proporti on of pati ents 

who are either incorrectly classifi ed as not having any NFI (false negati ves) or as incorrectly having 

NFI (false positi ves). M3 and M4 had an ER of respecti vely 21% and 32%. Results are shown in 

Table 2.

Table 1. Characteristi cs of the study populati on. 

Characteristi c Total 
(n=408)

M1 vs. M2
(n=287)

M1 vs. M3
(n=238)

M1 vs. M4
(n=280)

Sex in no. (%): 

Male 337 (83) 245 (85) 195 (82) 224 (80)

Female 71 (17) 42 (15) 43 (18) 56 (20)

Age in years:

Mean ± SD 36 ± 14 36 ± 14 37 ± 14 36 ± 14

Range 15-65 15-65 15-65 15-65

Treatment status in no (%):

On MDT treatment 253 (62) 152 (53) 168 (71) 179 (64)

Released from MDT treatment 155 (38) 135 (47) 70 (29) 101 (36)

NFI present in no (%)*

Yes 236 (58) 166 (58) 144 (61) 157 (56)

No 172 (42) 121 (42) 94 (39) 123 (44)

Centre in no.(%):

Karigiri 55 (14) 53 (18) 55 (23) -

Faizabad 54 (13) - 54 (23) 54 (19)

Naini 50 (12) 50 (17) - 50 (18)

Muzaff arpur 60 (15) 60 (21) 60 (25) -

Purulia 59 (15) - 59 (25) 59 (21)

Kolkata 57 (14) 57 (20) - 57 (20)

Salur 60 (15) 58 (20) - 60 (21)

Nilphamari 13 (3)  9 (3) 10 (4) -

* according to M1

Table 2. Comparison of the three simplifi ed test methods (M2, 3, 4) with the reference (M1): overall 

testi ng

M1 vs. True 
positi ves

False 
negati ves

False 
positi ves

True 
negati ves

Total Sensiti vity 
(95% CI) %

Specifi city 
(95% CI) %

Prevalence
% 

M2 138 28 37 84 287 83 (77-88) 69 (61-77) 58

M3 109 35 15 79 238 76 (68-82) 84 (75-90) 61

M4 134 23 67 56 280 85 (79-90) 46 (37-54) 56

M1 vs. M2: lid gap, eye closure, fi nger out, thumb up, foot up, ST hands, ST feet 
M1 vs. M3: lid gap, fi nger out, thumb up, wrist up, foot up, ST feet 
M1 vs. M4: lid gap, fi nger out, thumb up, foot up, ST hands, ST feet 
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Motor testing
The performance of the tests on single voluntary muscle testi ng (VMT) components was compared 

to the reference to indicate how accurate a test was in diagnosing a specifi c NFI. For example, if 

both M1 and M2 diagnosed motor NFI of thumb up on the same pati ent, then the result was that 

M1 and M2 agreed on the presence of NFI in this pati ent. 

Sensiti vity of eye closure testi ng was less than 50%, meaning that people with NFI were relati vely 

oft en missed, although eye NFI was fairly infrequent (Pr < 5%). Simplifi ed fi nger out, thumb up 

and foot up testi ng were more accurate. The prevalence of foot up NFI was not very high (≤ 5%), 

and sensiti vity of this test was relati vely low in M2. The most common types of motor NFI were 

fi nger out and thumb up NFI, for which sensiti vity was relati vely low in M3. Specifi city was low for 

thumb up testi ng in M4. M2 was most accurate in diagnosing these frequently occurring types of 

NFI. Strong eye closure and wrist up testi ng were only done in M2 and M3 respecti vely. Results 

are shown in Table 3. 

Table 3. Comparison of the three simplifi ed test methods (M2, 3, 4) with the reference (M1): voluntary 

muscle testi ng (VMT).

M1 vs. True 
positi ves

False 
negati ves

False 
positi ves

True 
negati ves

Total Sensiti vity 
(95%CI) %

Specifi city 
(95%CI) %

Prevalence
%

VMT:

Lidgap1

M2 3 6 43 233 285* 33 (11-67) 84 (80-88) 3

M3 3 1 6 227 237* 75 (24-97) 97 (94-99) 2

M4 2 7 3 267 279* 22 (6-58) 99 (97-100) 3

Eyeclosure

M2 5 5 21 254 285* 50 (23-78) 92 (89-95) 4

Fingerout

M2 45 13 41 188 287 78 (65-87) 82 (77-87) 20

M3 26 25 17 170 238 51 (38-64) 91 (86-94) 21

M4 35 13 32 200 280 73 (59-84) 86 (81-90) 17

Thumbup

M2 19 6 17 245 287 76 (56-89) 94 (90-96) 9

M3 6 12 13 207 238 33 (16-57) 94 (90-97) 8

M4 12 3 112 153 280 80 (53-93) 58 (52-64) 5

Footup1

M2 8 7 11 258 284* 53 (29-76) 96 (93-98) 5

M3 7 1 13 216 237* 88 (46-98) 94 (91-97) 3

M4 9 3 8 260 280 75 (45-92) 97 (94-99) 4

1 M2 had less than ten true positi ves for lid gap, M3 for VMT wrist up, foot up and lid gap and M4 for lid gap
* missing values
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Sensory testing 
Sensory NFI was more oft en diagnosed by M1 than motor NFI. When comparing single sensory 

testi ng (ST) components to the reference, M2 and M3 had lower sensiti vity but bett er specifi city 

(more false negati ves) compared to M4 which was less specifi c and more sensiti ve (more false 

positi ves). M3 did not test for sensory NFI of the hands. Results are shown in Table 4.

Table 4. Comparison of the three simplifi ed test methods (M2, 3, 4) with the reference (M1): sensory 

testi ng (ST)

M1 vs. True 
positi ves

False 
negati ves

False 
positi ves

True 
negati ves

Total Sensiti vity 
(95%CI) %

Specifi city 
(95%CI) %

Prevalence
%

ST:

Hands

M2 56 22 7 202 287 72 (61-81) 97 (93-98) 27

M4 54 22 70 134 280 71 (60-80) 66 (59-72) 27

Feet

M2 89 46 11 141 287 66 (58-73) 93 (87-96) 47

M3 80 33 9 116 238 71 (62-78) 93 (87-96) 47

M4 96 28 44 112 280 77 (69-84) 72 (64-78) 44

Relationship between number of NFI and sensitivity
The chance of diagnosing that a pati ent had any NFI according to both the test and the reference 

(sensiti vity) increased if this pati ent had multi ple NFI. Figure 1 shows this relati onship. Once a 

pati ent had four or more types of NFI, all test methods had 100% Se. 

60%
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80%

90%

100%

1 2 3 4 5 6 7

Number of NFI's

Se
ns

i�
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ty
 in

 %

Se M2
Se M3
Se M4

Figure 1. Relati onship between number of NFI according to M1 and overall sensiti vity of the three sim-

plifi ed test methods (M2, 3, 4).
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DISCUSSION

This study examined the diagnosti c accuracy of three simplifi ed tests conducted by newly trained 

GHWs as compared to a reference test done by experienced physiotherapists. As leprosy control 

shift s towards integrati on in general health services, there is a need for simple, but eff ecti ve tests 

to diagnose NFI. Evidence of simplifi ed tests which may be useful in an integrated setti  ng is lacking. 

The present study fi lls a gap in providing data on three such tests. 

Various issues arise from these fi ndings. First, this study examined in essence the performance 

of simplifi ed tests compared to a reference test in diagnosing the presence or absence of NFI. 

The questi on was whether the simplifi ed tests were able to detect NFI or not, regardless of the 

pati ents’ leprosy type (PB or MB). Leprosy type of pati ents was not collected, since it is not associ-

ated with the performance of the test. Knowledge of leprosy type might have biased the testers 

to pay more att enti on to MB pati ents who have a higher risk of developing NFI compared to PB 

pati ents [13]. 

The overall Se was relati vely high and the overall Sp was relati vely low compared to the Se and 

Sp of single component testi ng. This can be explained by the diff erent criteria used for defi ning a 

positi ve result (presence of NFI). For the overall test a positi ve result was defi ned as diagnosing 

the presence of any NFI in a pati ent that M1 identi fi ed as having NFI, no matt er where the NFI 

was located. With single component testi ng the defi niti on of a positi ve result was restricted to 

one specifi c combinati on. The probability of fi nding any NFI (regardless of whether it is the actual 

one present or not) is higher than of fi nding a specifi c NFI, resulti ng in a higher Se but lower Sp. 

Changing the defi niti on of a positi ve result will generally improve one but the other will decline. 

Testi ng of eyes was in general not very sensiti ve. While M1 measured lid gap in millimetres, the 

simplifi ed tests only observed or asked for the presence of lid gap, which appears to be a less 

sensiti ve method. While M3 was most accurate for detecti ng lid gap, the low prevalence (2%) of 

this type of NFI limits the reliability of this result. 

M2 had low Se of foot up testi ng. Further analysis showed that three assessors scored 0% Se, while 

the other nine assessors scored either 100% Se or had 0% prevalence (no true positi ves). Excluding 

these three assessors increased Se to 100%. 

M3 had low Se of fi nger out and thumb up testi ng with the majority of testers scoring ≤ 50% Se. 

Diffi  culti es in interpreti ng what was meant by the questi on: “Is the thumb straight?” might have 

been a cause for this. Testers were advised to look at whether the thumb was ‘straight up’ when 

the wrist was extended back, however, as a combined acti on, this posture might be too ‘crude’ to 

adequately noti ce NFI for these test components simply by observati on. 

M4 had low Sp of thumb up testi ng and ST of hands and feet. Two assessors scored less than 

50% Sp. In general, the majority of M4 assessors scored lower Sp on these test components than 

assessors of M2 and M3. It suggests that self-reporti ng of thumb up NFI and sensory NFI of hands 

and feet yields more false positi ves, meaning that pati ents were more inclined to say that they had 

signs or symptoms of NFI although M1 reported no NFI. 
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This study is, to our knowledge, the fi rst one describing and comparing the performance of sim-

plifi ed diagnosti c tests conducted by newly trained GHWs. While the study provides useful new 

informati on about simplifi ed tests, we also see limitati ons. 

We took the full assessment done by experienced physiotherapists as the reference test, meaning 

that we considered this test and these testers as giving the most accurate results. In practi ce, 

even this assessment will not give the correct diagnosis in all cases. Diagnosti c accuracy in terms 

of sensiti vity and specifi city as reported here for the simplifi ed tests should therefore be seen 

as agreement or disagreement between the test methods and the reference test, rather than 

as referring to a 100% correct diagnosis of presence of absence of NFI. Assessment with mono-

fi laments and VMT is, however, generally sti ll considered the best widely available assessment to 

screen for NFI in leprosy pati ents. It was recently found that changes in the MFT and VMT scores 

refl ect physiological changes in aff ected nerves as detected with more advanced techniques, such 

as nerve conducti on measures [14]. By virtue of being simpler, the simplifi ed tests do not cover all 

the items of a full assessment. For comparison we had to simplify the outcomes by dichotomising 

variables, meaning a loss of informati on. 

There was a wide variety of general health background, educati on and skill levels of testers. Inter-

rater variability is therefore expected, but was not analysed in this paper. Testers sat a pre-training 

and a post-training knowledge test. All but one tester scored bett er on post-tests relati ve to pre-

tests. We did not fi nd a consistent associati on between pre-test scores or post-test scores and 

testi ng performance. 

Moti vati on of testers may be a potenti al source of bias. Especially in integrated setti  ngs where 

ti me is limited, staff  might be less moti vated to do their tasks to a consistent quality level. This may 

aff ect the accuracy of testi ng, but was not formally assessed. 

For this study, training and practi ce were deliberately limited, to refl ect the real-life circumstances 

and limitati ons of GHWs. It is diffi  cult to compare this study with previous ones where assessors 

were bett er trained and qualifi ed in full assessment testi ng, and which suggested that experience 

and training are important to ensure the reliability of testi ng [4,5,8]. The questi on is whether more 

training to gain bett er skill and experience is feasible in integrated setti  ngs with ti me constraints 

and lower numbers of new leprosy pati ents. 

Simplifi ed, but accurate tests are of great importance for the detecti on and diagnosis of NFI in lep-

rosy, parti cularly in the context of integrated health services where GHWs have ti me-constraints, 

numerous tasks and litt le or no experience with leprosy. Bearing the limitati ons of a GHW in mind, 

this study evaluated three simplifi ed tests believed to be simple and easy to remember. Method 2 

appears parti cularly promising in the hands of GHWs. In general, M2 missed less people with NFI, 

while M3 had less over-diagnosis of NFI. M4 was accurate in detecti ng people with NFI, but had 

many false positi ves. This raises the questi on whether a higher Se or a higher Sp is more important 

in an integrated setti  ng. Early detecti on of NFI requires a highly sensiti ve tool [15]. High specifi city 

is also important, because steroid treatment is complex and not without side-eff ects and should 

only be given when there is signifi cant NFI [16]. 
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The primary task of GHWs will oft en be to screen pati ents for NFI and to refer pati ents detected 

with NFI to a doctor who will decide whether to treat or not. In this situati on, both high Se and 

Sp are relevant. On the one hand, one does not want to miss any people with NFI who need 

treatment to prevent further disability. On the other hand, referring too many people who do not 

actually have NFI increases the risk that people will be treated unnecessarily with steroids and 

increases the workload of doctors. The fi nal decision for treatment requires doctors who are able 

to recognise the signs and symptoms of NFI and are aware of steroid treatment for NFI and its 

adverse eff ects with prolonged use. 

The absolute number of cases incorrectly diagnosed by GHWs with the diff erent simplifi ed tests 

depends on the number of newly detected cases with leprosy. For example, assume that there 

are 2000 new pati ents in a year of which 400 have or develop NFI (20%) and 1600 have no NFI 

(80%). When taking only the most commonly diagnosed types of NFI (sensory NFI of hands and 

feet, motor NFI of ulnar and median nerve) into considerati on, M2 is projected to miss 96 people 

and over-diagnose 288 people. M3 would miss 108 people and over-diagnose 176 people. M4 

would miss 56 people and over-diagnose 848 people. One has to bear in mind that this is only a 

fi cti ti ous calculati on to gain insight in the implicati ons of using these simplifi ed tests with the given 

accuracy.

The main objecti ve of the simplifi ed tests is to screen for NFI in newly diagnosed pati ents. If any 

NFI was found by the simplifi ed tests, they would be referred for further assessment and manage-

ment. The simplifi ed tests are not meant to replace thorough assessment; they merely indicate 

a need for it. The simplifi ed tests are primarily useful in screening for NFI, and are not detailed 

enough to eff ecti vely monitor for small changes in NFI. M2 grades NFI and so may detect some 

changes in NFI severity, whilst M3 and M4 only indicate whether NFI is present or absent. 

This study’s primary questi on was: which simplifi ed test is most useful in the hands of GHWs in 

terms of sensiti vity and specifi city? The results show that at the level of diagnosing the presence 

of any NFI a simplifi ed version of the full assessment (M2) and a posture derived from an Indian 

dance (M3) are the most accurate simplifi ed tests with M2 being more sensiti ve and M3 more 

specifi c. M4 had the highest sensiti vity, but the lowest specifi city. When looking at the single test 

components, M2 was more or similarly accurate in diagnosing the presence of the most common 

types of NFI (sensory NFI of hands and feet, motor NFI of ulnar and median nerve), compared to 

M3 and M4. M3 does not test at all for sensory NFI of the hands. M3 has to our knowledge not 

been tested outside India and it is unknown whether it could be applied in other countries or 

setti  ngs. We consider M2 (as proposed in ILEP Learning Guide Two) as the most useful simplifi ed 

diagnosti c test in the hands of GHWs with limited ti me and many responsibiliti es in an integrated 

context. 
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Annex. Methods

Table I. Test components within each method.

M1 (Reference) M2 (ILEP) M3 (Indian dance) M4 (Questi onnaire)

ST feet 10 pts (MF) 4 pts (BP) stroking feet yes/no

ST hands 10 pts (MF) 4 pts (BP) - yes/no

L. fi nger out 0-5 MRC S-W-P yes/no yes/no

Foot up 0-5 MRC S-W-P yes/no yes/no

Thumb up 0-5 MRC S-W-P yes/no yes/no

Wrist up 0-5 MRC - yes/no -

Eyeclosure 0-5 MRC S-W-P - -

Eyelid gap mm yes/no yes/no yes/no

MF: monofi laments BP: ballpoint pen MRC: Medical Research Council grading S-W-P: strong-weak-paralysed

Table II. Defi niti on of nerve functi on impairment (NFI) by method.

Sensory NFI Motor NFI

M1 ≥ 2pts loss of feeling in any nerve score < 4 (MRC)

M2 ≥ 1pt loss of feeling in any hand/foot score < ‘Strong’

M3 no feeling in either foot not able to do any of the posture movements

M4 reported loss of feeling in hands or feet ‘no’ on any questi ons
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Voluntary muscle test:
Right Strength testing: Left *Other eye defects

Corneal ulcer = CU
Corneal Opacity = CO
Iritis = I
Scleritis = Sc
Cataract = Ca
Red eye = Red

+ Muscle strength
MRC grading 0 – 5

mm Light eye lid closure mm

Strong eye closure

Yes / No Blink /Corneal sensation Yes / No

Other eye defects *

Little finger out +

Thumb up+

Wrist up+

Foot up+

Sensory test:
Test 10 points using ballpoint pen or monofilament. If the client feels mark with a tick, if not, mark 

with a cross.

Figure I. M1 full assessment

Voluntary muscle test:
Right Muscle Strength Left  Muscle strength

S = Strong / Normal
W = Weak
P = Paralysed

Strong eye closure 

Yes / No Lid gap on gentle closure Yes / No

Little finger out

Thumb up

Foot up

Sensory test:
Test 4 points using ballpoint. If the client feels mark with a tick, if not, mark with a cross.

Figure II. M2 ILEP Learning Guide 2
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Observa�on of movements:

Right Side

Does the eye fully close 
with gentle effort?

Yes / No

Le� Side

Is the li�le finger straight?
Yes / No         

Is the thumb straight?
Yes / No

Is the wrist back?
Yes / No 

Can they li� up ankle while 
standing on the other leg?

Yes / No

Sensa�on: Stroke the sides of both feet. Is the feeling equal and normal on both sides?

Right foot
Yes / No

Le� foot
Yes / No

Does the eye fully close 
with gentle effort?

Yes / No

Is the li�le finger straight?
Yes / No         

Is the thumb straight?
Yes / No

Is the wrist back?
Yes / No 

Can they li� up ankle while 
standing on the other leg?

Yes / No

 

 Figure III. M3 Indian dance
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OBSERVATIONS

Is there a gap when closing either eye? NO YES

Is there a red eye? NO YES

Are the fingers clawed (curled)? NO YES

Is there a foot drop (weakness in the foot so that person cannot lift up foot as he walks)? NO YES

Is there an ulcer on the hand or the foot NO YES

QUESTIONS

Is there any nerve pain, burning or tingling in the hands or feet? NO YES

Is there any part of the body that does not have feeling? NO YES

Is the sight from either eye very poor (cannot count fingers at 6 metres)? NO YES

Is there any other problem in either eye (e.g. pain, watering)? NO YES

Is there any loss of feeling in the hands? NO YES

Does the person have difficulty touching his thumb and little finger together whilst keeping 
them straight?

Is there any loss of feeling in the feet?

Does the person have difficulty standing on his heels, with support? NO YES

Figure IV. M4 questionnaire
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SUMMARY

Background: Corti costeroids are commonly used for treati ng nerve damage in leprosy. We as-

sessed the eff ecti veness of corti costeroids for treati ng nerve damage due to leprosy. 

Methods: A systemati c search was undertaken to identi fy randomised controlled trials (RCTs) com-

paring corti costeroids with placebo or with no treatment. Two authors independently assessed 

quality and extracted data. Where it was not possible to perform a meta-analysis, the data for 

each trial was summarised. 

Findings: Three RCTs involving 513 people were found. Two trials compared prednisolone with 

placebo. One trial treated mild sensory impairment of less than six months durati on and the other 

trial treated nerve functi on impairment of 6 to 24 months durati on. Both trials examined nerve 

functi on improvement 12 months from the start of treatment, but found no signifi cant diff erence 

between the two groups. The third trial compared three corti costeroid regimens for severe type 

1 reacti ons. Aft er 12 months, a signifi cantly higher proporti on of individuals on a 3 month course 

required extra corti costeroids compared to the groups with a high-dose and low-dose regimen of 

5 months durati on. Diabetes and pepti c or infected ulcer were someti mes reported as serious ad-

verse events in the placebo-controlled trials, but not signifi cantly more oft en in the corti costeroid 

than placebo groups. 

Interpretati on: Evidence from two RCTs did not show a signifi cant long-term eff ect for either long-

standing nerve functi on impairment or mild sensory impairment. A third trial showed signifi cant 

benefi t of a fi ve month steroid regimen over a three month regimen. Further RCTs are needed to 

establish the eff ecti veness and opti mal regimens of corti costeroids and to examine new therapies.



Corticosteroids for treating nerve damage in leprosy. A Cochrane review

69

INTRODUCTION

This paper is based on a Cochrane review fi rst published in The Cochrane Library 2007, Issue 2 (see 

htt p://www.thecochranelibrary.com/ for informati on). Cochrane reviews are regularly updated as new 

evidence emerges and in response to feedback, and The Cochrane Library should be consulted for 

the most recent version of the review.

Corti costeroids, especially prednisolone, are commonly used for treati ng severe reacti ons and 

nerve damage in leprosy. They work by controlling the acute infl ammati on and relieving the pain 

[1,2]. The earlier corti costeroids are given aft er onset of nerve damage, the more likely permanent 

nerve functi on impairment will be prevented [3,4]. The recommended corti costeroid regimen for 

treati ng nerve damage starts with 40 mg prednisolone daily and lasts for 12 weeks [5]. Studies 

indicate that prolonged prednisolone treatment may be more eff ecti ve in treati ng severe reac-

ti ons and nerve damage [3,6-8]. Prednisolone seems to be a very eff ecti ve drug, but it has some 

shortcomings. Long-term therapy may cause serious adverse eff ects, such as pepti c ulcer, cataract, 

or psychosis [9-11]. A considerable proporti on of people treated for nerve damage does not benefi t 

from corti costeroid treatment [12-15]. Other therapies for improving nerve functi on and relieving 

nerve pain, such as surgical decompression of nerves [16-18], azathioprine [19], and ciclosporin 

[20], have been tested. These interventi ons are beyond the scope of this review.

Corti costeroids are the drugs of choice for acute severe reacti ons and nerve damage, but the 

long-term eff ect of corti costeroids is uncertain and the opti mal regimen has not been established. 

While this review focused on evidence from randomised controlled trials (RCTs), it was expected 

that only a few RCTs have been conducted in this area. Therefore, the results have also been 

considered in the light of non-randomised evidence in the Discussion secti on.

METHODS

Search strategy
We searched the Cochrane Neuromuscular Disease Group Register using the following terms: (lep-

rosy or Hansen disease or Hansen’s disease) AND (steroid* or corti costeroid* or glucocorti coid* 

or (corti cal hormone*) or prednison* or prednisolon* or corti son*) AND ((exp peripheral nervous 

system diseases) or neuriti s or neuropath* or (nerve damage) or (nerve involvement) or (nerve 

loss) or (nerve functi on impairment) or (nerve problem*) or (sensory loss) or (motor loss) or (nerve 

pain) or (nerve tenderness) or reacti on*). This search strategy, combined with a search strategy for 

identi fying randomised trials, was adapted to include additi onal search terms where necessary and 

was modifi ed to search the Cochrane Central Register of Controlled Trials (Cochrane Library, Issue 

4, 2007), MEDLINE (from 1966), EMBASE (from 1980), CINAHL (from 1980) and LILACS (from 1982) 

in January 2008. References from trials and conference proceedings were searched. Trial authors 

were contacted and the Current Controlled Trials Register (www.controlled-trials.com) was searched 
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for ongoing trials. There were no language restricti ons. Two authors independently screened the 

ti tles and abstracts of all the publicati ons identi fi ed to examine whether studies were eligible. 

Study selection
Studies were eligible if they were (quasi-) randomised controlled trials (RCTs) assessing corti -

costeroids versus placebo or no treatment for pati ents with leprosy and related nerve damage 

or severe leprosy type 1 reacti on, requiring corti costeroid treatment. Nerve damage or nerve 

functi on impairment (NFI) was defi ned as clinically detectable impairment of motor or sensory 

nerve functi on. It did not include impairment of nerve conducti on that was only detectable by 

electrophysiological means [21]. Outcome measures of interest were: improvement in sensory 

nerve functi on as measured with graded nylon fi laments [22] or a ball-point pen aft er one or two 

years, improvement in motor nerve functi on, assessed with the modifi ed MRC grading scale [23] 

aft er one or two years, change in nerve pain and tenderness aft er one year, and adverse events 

requiring withdrawal from treatment. 

Methodological quality 
The methodological quality of the included studies was based on the following criteria: conceal-

ment of allocati on; blinding of parti cipants and outcome assessors; loss to follow-up; clear diagno-

sis; baseline diff erences and explicit outcome measures menti oned. Each criterion was assessed 

as A: adequate, B: unclear or C: inadequate. If one of the criteria was not described in the study, it 

was labelled ‘inadequate’. Concealment of allocati on was considered adequate if the randomisa-

ti on process prevented the individual making the allocati on from foreseeing the treatment assign-

ment. Blinding was considered adequate if parti cipants and outcome assessors were unaware of 

the treatment given. Follow-up was considered adequate if the loss to follow-up was less than 

10%. Two authors independently assessed the included studies for methodological quality. 

Data extraction and analysis 
Two authors extracted data regarding methodology and outcome measures from the included 

studies onto a data extracti on form. If there were missing data, the trial authors were contacted. 

Authors were not blinded to trial author, journal or insti tuti on. We used the Cochrane stati sti cal 

package, Review Manager, for stati sti cal data analysis. Results were expressed as mean diff erences 

with 95% confi dence intervals (CI) for conti nuous outcome measures and relati ve risks (RR) with 

95% CI for dichotomous outcomes. In case of clinical heterogeneity, or if data were lacking, the 

results for each trial were summarised. We analysed separately parti cipants with NFI of less than 

six months durati on and parti cipants with long-standing impairment (6 to 24 months durati on). 

Adverse eff ects were expressed as the proporti on of parti cipants with major adverse events. 
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RESULTS

Study selection
We identi fi ed ten potenti ally relevant studies and excluded eight, because they were not ran-

domised, compared corti costeroids plus a complementary therapy versus corti costeroids, or 

focused on preventi on of nerve damage. One RCT became available during the review process. In 

total, we found three RCTs for this review. The characteristi cs of the included studies are shown 

in table 1.

Interventions
Two studies compared corti costeroids with placebo. One of them compared prednisolone with 

placebo in parti cipants with mild sensory NFI [24]. The other trial compared prednisolone with 

placebo in parti cipants with long-standing NFI [25]. One study compared three diff erent corti coste-

roid regimens [26]. This trial compared high dose corti costeroids versus low dose corti costeroids 

versus short regimen corti costeroids for parti cipants with severe type 1 reacti ons.

Outcome measures 
The two trials comparing corti costeroids with placebo assessed improvement of nerve functi on 

one year aft er the start of treatment. Improvement was measured as either a change score 

between baseline and end of follow-up or as the proporti on of parti cipants improved. Change 

in nerve pain and nerve tenderness was not measured in these trials. Adverse events, requiring 

withdrawal of treatment were reported in both trials.

None of the pre-specifi ed outcome measures were evaluated in the trial comparing three diff erent 

corti costeroid regimens. The primary endpoint was the requirement for additi onal corti costeroids 

during the 12 months trial period. A poor outcome was defi ned as a failure to respond to treat-

ment in terms of changes to skin lesions, nerve pain or tenderness, or nerve functi on, or recur-

rences of skin or nerve lesions and needing extra corti costeroids.

Methodological quality
Randomisati on and blinding were considered adequate in all three trials. Loss to follow-up varied 

from 3% to 19%. Leprosy was diagnosed and classifi ed leprosy using skin smear or number of skin 

lesions. Baseline characteristi cs in the diff erent groups were similar. Nerve functi on improvement 

aft er one year was reported in two trials, but not aft er two years. Change in nerve pain and nerve 

tenderness was not measured in any of the trials. Adverse events occurred in two trials. 
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Corticosteroids versus placebo for participants with mild sensory nerve function 
impairment (NFI) of less than six months duration [24]

Results were available for 89% (75/84) of the parti cipants. Aft er 12 months the mean change in 

sensory score was -2.68 ± 2.66 in the prednisolone group and -3.00 ± 2.75 in the placebo group 

both implying a mean improvement. The improvement was slightly greater in the placebo group 

but the mean diff erence 0.32 (95% CI -0.91 to 1.55) between the two groups was not signifi cant. 

The proporti on with sensory improvement was 80% (33/41) in the prednisolone group compared 

with 79% (27/34) parti cipants in the placebo group. The diff erence was not signifi cant (relati ve risk 

1.01, 95% CI 0.81 to 1.27). Major adverse events were reported in two parti cipants. One person 

was diagnosed with diabetes (prednisolone) and one with an infected ulcer (placebo). 

Corticosteroids versus placebo for participants with long-standing nerve func-
tion impairment (NFI) of 6 to 24 months duration [25]

Results were available for 94% (89/95) of the parti cipants. Aft er 12 months the mean diff erence in 

sensory score was -1.25 ± 1.66 in the prednisolone group and -1.67 ± 3.02 in the placebo group in-

dicati ng a mean improvement in both. The improvement was slightly greater in the placebo group 

but the mean diff erence 0.42 (95% CI -0.57 to 1.41) between the two groups was not signifi cant. 

The proporti on with sensory improvement was 57% (17/30) in the prednisolone group compared 

with 59% (24/41) in the placebo group (results available for 71 parti cipants). The diff erence was 

not signifi cant (relati ve risk 0.97, 95% CI 0.65 to 1.45). Results of motor nerve functi on were avail-

able for 21 parti cipants. Of these 21 parti cipants, 3 had motor NFI only and 18 had both sensory 

and motor NFI. Aft er 12 months the mean diff erence in motor score was -0.18 ± 0.98 in the pred-

nisolone group and -0.30 ± 1.06 in the placebo group both indicati ng a mean improvement. The 

improvement was slightly greater in the placebo group but the mean diff erence 0.12 (95% CI -0.76 

to 1.00) between the two groups was not signifi cant. 

Five parti cipants came out of the trial due to symptoms of possible major adverse events. Three 

of them were in the prednisolone group (diabetes, infected ulcer, ‘hypersensiti vity’ to the tablets), 

and the other two were assigned to placebo treatment (diabetes, pepti c ulcer). 

High dose corticosteroids versus low dose corticosteroids versus short regimen 
corticosteroids for participants with severe type 1 reactions [26]

At the end of the 12 month period, 41 out of 90 parti cipants (46%) in the short course group 

(2940 mg over 3 months) needed extra corti costeroids. In the group of parti cipants receiving 

a low dose of prednisolone (2310 mg over 5 months) this was 28 out of 91 (31%) and 21 out 

of 88 parti cipants (24%) following a high dose prednisolone regimen (3500 mg over 5 months) 

required additi onal prednisolone. The diff erence between the high dose and low dose 5 month 

regimen was not signifi cant (relati ve risk 0.78, 95% CI 0.48 to 1.26). The relati ve risk of needing 

additi onal corti costeroids was signifi cantly less with the high dose 5 month course than with the 
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3 month course (relati ve risk 0.52, 95% CI 0.34 to 0.81). The relati ve risk of needing additi onal 

corti costeroids was just signifi cantly less with the low dose 5 month course than with the 3 month 

course (relati ve risk 0.68, 95% CI 0.46 to 0.99). No major adverse events were reported during the 

follow-up period of this trial.

DISCUSSION

Three randomised controlled trials were available for this review. The interventi ons and outcomes 

were too heterogeneous to be entered in a meta-analysis. The numbers of parti cipants included in 

the trials were small and did not allow for subgroup analysis.

The variability between studies and the limitati ons in sample size made it diffi  cult to draw any 

robust conclusions. None of the trials found a signifi cant diff erence in improved nerve functi on 

between treatment and control group twelve months aft er the start of treatment. The questi on, 

whether corti costeroids are benefi cial in treati ng acute NFI or type 1 leprosy reacti on in a fi eld 

setti  ng in the longer term compared to placebo, remains unclear. 

Several non-randomised studies have examined the eff ect of corti costeroids for treati ng severe 

reacti ons and nerve damage in leprosy. The response to corti costeroid treatment seems to depend 

on the severity and durati on of NFI before the start of treatment.

One study found that 35% of pati ents having complete anaesthesia and 67% with moderate senso-

ry impairment improved to good functi on three months aft er the start of corti costeroid treatment. 

For pati ents with complete motor paralysis or moderate motor impairment, respecti vely 11% and 

55% of the pati ents recovered to good functi on [27]. The RCT of treati ng mild sensory impairment 

found that a signifi cant higher proporti on improved in the prednisolone group compared to the 

placebo group aft er four months, although the diff erence disappeared by the 6-month follow-up 

[24]. Another study found that it may take a long ti me to achieve full recovery of chronic or recur-

rent NFI, at least much longer than the durati on of a standard steroid course [14]. Recovery of 

nerve functi on loss is more likely when the durati on of NFI has been less than six months [2,3]. To 

illustrate, data from Ethiopia showed that pati ents with NFI for less than six months and treated 

with steroids had full recovery in 50 out of 57 nerves (88%), while in pati ents with recurrent or 

chronic NFI only 20 out of 39 nerves (51%) had fully recovered aft er up to ten years aft er treatment 

[14]. This is in line with the RCT of treati ng long-standing NFI which found that 19 out of 41 nerves 

(46%) treated with prednisolone improved [25]. However, even in the placebo group, 25 out of 51 

nerves (49%) showed spontaneous improvement aft er 12 months. Other studies also reported 

spontaneous nerve functi on improvement in untreated individuals [12,14,15].

The opti mal corti costeroid regimen has not been established. Recommendati ons about the opti -

mal dose and durati on of steroid therapy have changed over ti me [8,28]. The principles of a steroid 

therapy are that it should start with a dose that is suffi  cient to control the infl ammati on rapidly. 
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Then the dose should be tapered off  unti l the reacti on has sett led. The ideal would be a steroid 

course adjusted and tailored to the individual’s situati on, but this may be only possible in referral 

centres [29].

Currently, a standard 12-week course of prednisolone is recommended by the WHO which can be 

safely used in the fi eld [5]. Other studies have suggested that a prolonged regimen might be more 

benefi cial. One small retrospecti ve study compared a short-term steroid treatment (two months) 

with a prolonged steroid treatment (3 to 18 months) for type 1 reacti on in borderline leprosy 

pati ents. It was found that the latt er treatment gave bett er results on improving motor nerve func-

ti on than the shorter treatment and did not increase the risk of adverse events. The criti cal dose 

to control a reacti on aft er the initi al period was considered to be 15 to 20 mg daily [7]. One study 

examined the eff ects of prednisolone treatment on the cellularity and cytokine profi les of leprosy 

type 1 reacti ons. The results showed that prednisolone treatment decreased cytokine levels sig-

nifi cantly only aft er 28 days from the start of treatment. Some pati ents conti nued to have cytokine 

producti on for one to six months. This study illustrates the slow response to steroid therapy and 

conti nuing acti vity for several months [6]. While these non-randomised studies already suggested 

the benefi ts of a prolonged steroid course, the RCT comparing three corti costeroid regimens con-

fi rms this in reporti ng that a longer durati on of prednisolone treatment gave less poor outcomes 

than a short course of prednisolone [26]. 

According to other authoriti es, a substanti al proporti on of individuals treated for nerve damage do 

not respond to corti costeroids. The overall nerve functi on improvement levels vary approximately 

between 60% and 80% aft er steroid therapy [12]. This study reported that 27 out of 83 treated 

nerves with motor impairment (33%) and 53 out of 166 treated nerves with sensory impairment 

(32%) did not improve or had deteriorated twelve months aft er the start of treatment. In a study 

in Thailand, 27 out of 77 pati ents who were treated with prednisolone (35%) showed no improve-

ment or a worsening of NFI [15]. One randomised controlled trial examined the eff ect of prophy-

lacti c use of steroids in 636 newly diagnosed multi bacillary pati ents [30]. This study showed that a 

low dose prophylacti c steroid regimen reduced the risk of NFI at the end of four months, but the 

eff ect was not sustained at one year. Repeat use of steroid prophylaxis for a longer period than 

four months may sustain the benefi t, but this needs to be further examined.

An alternati ve therapeuti c approach for treati ng nerve damage in leprosy has been surgical 

decompression of acutely infl amed nerves. There is an ongoing search for new therapies, be-

cause steroids are not always eff ecti ve, and may cause serious adverse eff ects and because their 

long-term eff ect is unclear. A quasi-randomised controlled trial compared an eight-week course 

of prednisolone combined with azathioprine with a 12-week course of prednisolone alone for 

treati ng severe type 1 reacti ons [19]. The trial did not fi nd a signifi cant diff erence between the two 

treatment groups, but the study was limited in size (n=40). A recent non-randomised follow-up 

study assessed the eff ects of ciclosporin treatment in 33 Ethiopian and 10 Nepali leprosy pati ents 

with severe type 1 reacti ons and the authors suggested that ciclosporin monotherapy may be an 
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eff ecti ve treatment for severe type 1 reacti ons with few adverse eff ects [20]. Therapies which are 

used for other immune-mediated conditi ons, such as ciclosporin or combinati ons of immunosup-

pressants may be promising. It is plausible that these therapies may be eff ecti ve for treati ng nerve 

damage in leprosy, but evidence from RCTs is lacking [1].

CONCLUSION

Implications for practice
Evidence from the three randomised controlled trials is insuffi  cient to draw robust conclusions 

about the long-term eff ect of corti costeroids for treati ng nerve damage in leprosy. Two trials, of 

which one treated long-standing nerve functi on impairment and the other mild sensory impair-

ment, did not show signifi cantly bett er outcomes with corti costeroids than placebo for treati ng 

nerve damage in the long term. However in a third trial, a 5 month corti costeroid regimen was 

signifi cantly more benefi cial than a 3 month corti costeroid regimen. Standard corti costeroid regi-

mens are not signifi cantly more harmful than placebo treatment, despite known adverse eff ects 

of corti costeroids. 

Implications for research
There is a need for high-quality randomised controlled trials to establish the value and opti mal 

dose of corti costeroid regimens and to examine the effi  cacy and safety of new therapies. Future 

trials should pay more att enti on to non-clinical aspects, such as costs and impact on quality of life, 

because these are highly relevant indicators for both policy makers and parti cipants.
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SUMMARY

Background: Decompressive surgery is used for treati ng nerve damage in leprosy. We assessed the 

eff ecti veness of decompressive surgery for pati ents with nerve damage due to leprosy. 

M  ethods: A broad search strategy was performed to fi nd eligible studies, selecti ng randomised 

controlled trials (RCTs) comparing decompressive surgery alone or plus corti costeroids with cor-

ti costeroids alone, placebo or no treatment. Two authors independently assessed quality and 

extracted data. Where it was not possible to perform a meta-analysis, the data for each trial was 

summarised. 

F  indings: We included two randomised controlled trials involving 88 people. The trials examined 

the added benefi t of surgery over prednisolone for treatment of nerve damage of less than six 

months durati on. Aft er two years follow-up there was no signifi cant diff erence in nerve functi on 

improvement between people treated with surgery plus prednisolone or with prednisolone alone. 

Adverse eff ects of decompressive surgery were not adequately described.

Interpretati on: Evidence from randomised controlled trials does not show a signifi cant added 

benefi t of surgery over steroid treatment alone. Well-designed randomised controlled trials are 

needed to establish the eff ecti veness of the combinati on of surgery and medical treatment com-

pared to medical treatment alone.
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INTRODUCTION

This paper is based on a Cochrane review fi rst published in The Cochrane Library 2009, Issue 1 (see 

htt p://www.thecochranelibrary.com/ for informati on). Cochrane reviews are regularly updated as new 

evidence emerges and in response to feedback, and The Cochrane Library should be consulted for 

the most recent version of the review.

Decompressive surgery or neurolysis as treatment for nerve damage has been done for several de-

cennia. The objecti ve of this surgery is to relieve mechanical compression, due to oedema caused 

by neuriti s, of the aff ected nerve. Decompression is done by incision of the thickened nerve sheath 

(epineurium) where the nerve is enlarged and oft en tender on palpati on. This incision is oft en of 

a considerable length at the place before entering the fi bro-osseous tunnel which, during surgery, 

needs to be opened as well. Results of surgery from non-randomised studies have been widely 

published [1-6]. Decompressive surgery is not recommended without medical treatment. Indica-

ti ons for surgery are mainly based on common practi ce but not well-defi ned. These may include 

the presence of nerve abscess, nerve pain or nerve functi on impairment that does not respond to 

medical treatment [7-11]. 

Decompressive surgery is frequently used for treati ng nerve damage in leprosy. The eff ect of sur-

gery, especially in the long-term, is uncertain and it is unclear whether surgery is more benefi cial 

than medical treatment alone. While this review focused on evidence from randomised controlled 

trials (RCTs), it was expected that only a few RCTs have been conducted in this area. Therefore, the 

results were also considered in the light of non-randomised evidence in the Discussion secti on.

Methods

Search strategy 
We searched the Cochrane Neuromuscular Disease Group Trials Register (November 2007) using 

the following terms: leprosy or Hansen disease and decompression or neurolysis or epicondylec-

tomy or epineurotomy or neuriti s or nerve damage or nerve loss or nerve functi on impairment or 

neuropath* or nerve problem or nerve involvement or nerve pain. This search strategy, combined 

with a search strategy for identi fying randomised trials, was adapted to include additi onal search 

terms where necessary and was modifi ed to search the Cochrane Central Register of Controlled 

Trials in The Cochrane Library (Issue 4, 2007); MEDLINE (from January 1950 to November 2007) 

and EMBASE (from January 1980 to November 2007); AMED (Allied and Complementary Medi-

cine, from January 1985 to November 2007), CINAHL (from January 1982 to November 2007), and 

LILACS (Lati n American and Caribbean Health Science Informati on database, from January 1982 to 

November 2007). We checked reference lists of the studies identi fi ed, the Current Controlled Trials 

Register (www.controlled-trials.com), conference proceedings and contacted trial authors. There 
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were no language restricti ons. Two authors independently screened the ti tles and abstracts of all 

the publicati ons identi fi ed to examine whether studies were eligible. 

Study selection
Studies were eligible if they were (quasi-) randomised controlled trials (RCTs) assessing decom-

pressive surgery versus corti costeroids, placebo or no treatment for pati ents with leprosy and 

related nerve damage. Nerve damage or nerve functi on impairment (NFI) was defi ned as clinically 

detectable impairment of motor or sensory nerve functi on. It did not include impairment of nerve 

conducti on that was only detectable by electrophysiological means [12]. Outcome measures of 

interest were: improvement in sensory nerve functi on as measured with graded nylon fi laments 

[13] or a ball-point pen aft er one or two years, improvement in motor nerve functi on, assessed 

with the modifi ed MRC grading scale [14] aft er one or two years, change in nerve pain and tender-

ness aft er one year, changes in quality of life, and adverse events

Methodological quality
The methodological quality of the included studies was based on the following criteria: conceal-

ment of allocati on; blinding of parti cipants and outcome assessors; loss to follow-up; baseline dif-

ferences and explicit outcome measures menti oned. Each criterion was assessed as A: adequate, 

B: unclear or C: inadequate. If one of the criteria was not described in the study, it was labelled ‘in-

adequate’. Two authors independently assessed the included studies for methodological quality. 

Data extraction and analysis
Two authors extracted data regarding methodology and outcome measures from the included 

studies onto a data extracti on form. If there were missing data, the trial authors were contacted. 

Authors were not blinded to trial author, journal or insti tuti on. We used the Cochrane stati sti cal 

package, Review Manager, for stati sti cal data analysis. Results were expressed as mean diff erences 

with 95% confi dence intervals (CI) for conti nuous outcome measures and relati ve risks (RR) with 

95% CI for dichotomous outcomes. In case of clinical heterogeneity, or if data were lacking, the 

results for each trial were summarised. 

RESULTS

Study selecti on

We identi fi ed ten potenti ally relevant studies and excluded seven, because they were not ran-

domised. Two RCTs (one RCT was described in two papers) were included. Characteristi cs of the 

included studies are shown in table 1.
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Interventions
Both studies tested decompressive surgery plus oral corti costeroids versus oral corti costeroids 

alone. One tested treatment of ulnar neuriti s of less than six months durati on [15,16] and one 

tested treatment of neuriti s of several types of less than six months durati on [17].

Outcome measures 

The primary outcomes ‘improvement in sensory nerve functi on one year aft er registrati on’ and 

‘improvement in motor nerve functi on one year aft er registrati on’ were evaluated in one trial 

[15]. The secondary outcome ‘improvement in nerve functi on two years aft er registrati on’ was 

evaluated in two trials [16,17]. ‘Change in nerve pain and in nerve tenderness’ was assessed one 

year aft er registrati on in one trial [15] and two years aft er registrati on in two trials [16,17]. None 

of the trials evaluated ‘changes in quality of life’. Adverse events were not well-reported in any of 

the trials.

Methodological quality
Randomisati on was considered adequate in one trial [17], while the other trial used alternati on 

as randomisati on procedure which was considered inadequate [15,16]. Parti cipant and clinician 

blinding was not possible in any of the trials. One trial [17] had 6% loss to follow-up of parti cipants, 

but did not report how many nerves were involved. The other trial [15,16] had 17% loss to follow-

up of nerves aft er one year and 24% loss to follow-up of nerves aft er two years. None of the trials 

reported how many parti cipants or nerves were lost to follow up in each arm. 

Boucher et al. described the reasons for losses. Baseline characteristi cs in both treatment arms 

were similar in the trials.

Medial epicondylectomy plus oral corticosteroids versus oral corticosteroids 
alone for participants with ulnar neuritis of less than six months duration [15,16] 
Results were available for 77% (44/57) of the parti cipants. Aft er one year the mean diff erence in 

sensory score was 2.08 (95% CI 0.28 to 3.88) in the surgery group and 2.00 (95% CI 0.06 to 3.94) in 

the medical group indicati ng a mean sensory improvement in both. The improvement was slightly 

greater in the surgery group but the mean diff erence 0.08 (95% CI -2.45 to 2.61) between the two 

groups was not signifi cant. In the surgery group 18 out of 31 nerves (58%) had sensory improve-

ment aft er one year compared with 16 out of 31 nerves (52%) in the medical group. The diff erence 

was not signifi cant (relati ve risk 1.30, 95% CI 0.48 to 3.54).

Results of changes in motor nerve functi on were provided. Aft er one year the mean diff erence in 

motor score was 3.08 (95% CI 2.12 to 4.04) in the surgery group and 2.26 (95% CI 0.21 to 4.31) 

in the medical group indicati ng a mean improvement in both. The improvement was greater in 

the surgery group but the mean diff erence 0.82 (95% CI -1.34 to 2.98) between the two groups 

was not signifi cant. In the surgery group 20 out of 31 nerves (65%) had motor improvement aft er 
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one year compared with 22 out of 31 nerves (71%) in the medical group. The diff erence was not 

signifi cant (relati ve risk 0.74, 95% CI 0.26 to 2.17).

Results aft er two years were available for 68% (39/57) of the parti cipants. Aft er two years the 

mean diff erence in sensory score was 2.89 (95% CI 0.94 to 4.84) in the surgery group and 2.91 

(95% CI 0.73 to 5.09) in the medical group indicati ng a mean improvement in both. The improve-

ment was slightly greater in the medical group but the mean diff erence -0.02 (95% CI -2.82 to 2.78) 

between the two groups was not signifi cant. The mean diff erence in motor score aft er two years 

was 2.79 (95% CI 1.03 to 4.55) in the surgery group and 2.57 (95% CI 0.49 to 4.65) in the medical 

group indicati ng a mean improvement in both. The improvement was greater in the surgery group 

but the mean diff erence 0.22 (95% CI -2.39 to 2.83) between the two groups was not signifi cant. 

Nerve pain and tenderness had disappeared in both groups aft er one year and no new nerve pain 

or tenderness between the fi rst and second year was reported. The trial did not report any adverse 

events or reasons of loss to follow-up. Contacti ng the authors did not yield additi onal informati on.

Longitudinal epineurotomy plus oral corticosteroids versus oral corticosteroids 
alone for participants with neuritis of less than six months duration [17]

Results were available for 97% (30/31) of the parti cipants. Outcomes were given aft er two years of 

follow-up and were expressed as median improvement, meaning that 50% of the data had greater 

improvement than this value and 50% of the data had less improvement than this median. In the 

surgery group median sensory improvement was 25% compared to 20% median improvement in 

the medical group. The diff erence was not signifi cant at a 5% level (Tukey box plot test). Median 

motor improvement was 30% in the surgery group and 20% in the medical group. The diff erence 

was not signifi cant at a 5% level (Tukey box plot test). No numbers, test values or 95% confi dence 

interval values were given. In the surgery group median nerve pain relief was 11% compared to 

0% in the medical group. The diff erence was signifi cant at a 5% level (Tukey box plot test). One 

parti cipant was excluded from the study due to haemorrhage, but it was unclear if it was caused 

by the interventi on. The study did not provide any numbers, test values or 95% confi dence interval 

values. Contacti ng the author revealed that original data were not available anymore.

DISCUSSION

Two randomised controlled trials were available for this review. One trial compared the added 

benefi t of medial epicondylectomy over corti costeroids for parti cipants with ulnar neuriti s of less 

than six months durati on [15,16]. The other trial compared the added benefi t of longitudinal epi-

neurotomy over corti costeroids for parti cipants with ulnar, median, common peroneal or poste-

rior ti bial nerve involvement of less than six months durati on [17]. The interventi ons and outcomes 

were too heterogeneous to be combined in a meta-analysis. The numbers of parti cipants included 
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in the trials were small and did not allow for subgroup analysis. The variability between studies and 

the limitati ons in study design and sample size made it diffi  cult to draw any robust conclusions.

None of the trials found a signifi cant diff erence in improved nerve functi on between surgery and 

medical group aft er a follow-up of one or two years. This result may have been biased by the selec-

ti on criteria used for inclusion of pati ents and nerves. Only a small proporti on may benefi t from 

decompressive surgery. Results from a study indicate that only 5-10% of nerves may improve aft er 

surgery (Naafs, personal communicati on). The other nerves need no decompression. By taking all 

nerves together, results may be diluted and the conclusion clouded.

The two trials had some drawbacks. One major drawback of both trials was that they used some-

ti mes more than one nerve from individual pati ents in the analyses thereby considering the out-

comes from each nerve independent. The trial of Pannikar and Ebenezer included 18 pati ents with 

ulnar nerve damage at both sides (bilateral involvement). The right side was allocated to the group 

drawn by random selecti on and the left  side was allocated to the other group. The fi nal results 

refl ect the outcomes of all nerves. No separate analysis was done using only one independent 

outcome from each pati ent. Original data were not available. The trial of Boucher included 31 

pati ents with 93 nerves in total. It was unclear how many nerves each pati ent contributed. The 

fi nal results refl ect the outcomes of all nerves. No separate analysis was done using only one 

independent outcome from each pati ent. Original data were not available. The results from these 

studies should be treated with considerable cauti on, because results from a pati ent contributi ng 

outcomes from more than one nerve will be treated, in the analysis, as having more weight as a 

pati ent contributi ng only one nerve.

Other limitati ons of the study of Pannikar were that randomisati on was done by alternati on, which 

is considered an inadequate randomisati on procedure. With regard to loss to follow-up, 23% of 

the parti cipants were lost to follow-up aft er one year and 32% aft er two years. No reasons for 

these losses were reported and no intenti on-to-treat analysis was performed.

The randomisati on procedure and loss to follow-up (6%) were considered adequate in the study 

of Boucher. Outcomes were expressed as median improvement. No numbers or original data were 

available to calculate mean diff erences or relati ve risks making comparison and interpretati on of 

the results diffi  cult. Subgroup analyses showed no diff erence in median improvement between op-

erated or non-operated nerves with respect to type of leprosy (lepromatous or non-lepromatous), 

type of anti bacillary drug therapy (mono or multi ), type of nerve functi on impairment (motor or 

sensory), and durati on of neuriti s (0-3 months or 3-6 months). There were signifi cant diff erences 

for pain relief and severity of the neuriti s before surgery. Operated nerves had higher median pain 

relief compared to non-operated nerves. In the group with considerable loss of nerve functi on the 

operated nerves had higher median improvement compared to non-operated nerves.

The occurrence of adverse eff ects was not adequately reported in the trials. One study [17] exclud-

ed a parti cipant with haemorrhage during the course of the trial, but it was unclear whether this 

was due to the interventi on. The literature reviewing decompressive surgery in leprosy oft en does 
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not take adverse eff ects into account, but stresses the importance of having adequate techniques 

and instruments and competent surgeons to prevent unfavourable outcomes [9,18,19]. Complica-

ti ons of decompressive surgery in general may be painful scars, wound problems, haematoma, 

infecti on and damage to nerves, arteries or tendons [20-22].

None of the trials included quality of life measures or cost-eff ecti veness calculati ons which could 

be useful indicators of the eff ecti veness of interventi ons.

Many published and unpublished non-randomised studies have examined the eff ect of decom-

pressive surgery for treati ng nerve damage in leprosy. While the two RCTs give insuffi  cient evi-

dence in favour of decompressive surgery in additi on to steroid treatment, most non-randomised 

studies report benefi cial eff ects of decompressive surgery. Relief of nerve pain and tenderness is 

the most frequently and consistently reported benefi t. Nerve functi on improvement is frequently 

reported, but the response to surgery seems to depend on several factors, such as severity and du-

rati on of neuriti s before surgery, the type of leprosy, the nerve involved and the surgical technique 

used. Nerves which are parti ally damaged, have neuriti s of less than six months durati on and are 

associated with multi bacillary (MB) leprosy show bett er results [7,8,10,11,23]. Studies examining 

the eff ects of surgery reported sensory improvement varying from about 38% to 97% and mo-

tor improvement varying from about 26% to 63% [2,3,6,18,24-34]. Comparison of these studies is 

diffi  cult due to diff erences in surgical techniques used, durati on and severity of neuriti s, type of 

leprosy, follow-up ti me, and outcome measures.

Several non-randomised studies compared operated versus non-operated nerves. One study 

evaluated nerve functi on in nine individuals with neuriti s of less than six months durati on. Three 

pati ents underwent ulnar nerve decompression, three pati ents received corti costeroid therapy 

for ulnar neuriti s and three pati ents underwent median nerve decompression. The study found an 

average nerve functi on improvement of 35% for ulnar nerve decompression (n=3), 32% for steroid 

treatment of eight weeks (n=3) and 18% median nerve decompression (n=3) six months aft er 

surgery or start of treatment [34].

Three studies examined surgery alone versus surgery plus steroids. One study compared medial 

epicondylectomy alone (n=7) with medial epicondylectomy plus steroids (n=7) given two weeks 

post-operati vely for ulnar neuriti s of less than one month durati on. Aft er a 5-month follow-up 

motor improvement was not bett er in the group receiving additi onal steroids [31]. Another study 

compared neurolysis (n=21) with neurolysis in combinati on with perineural corti costeroid injec-

ti ons (n=18) for ulnar neuriti s of less than six months durati on. The injecti ons were administered 

around the thickened nerve aft er surgery and two and three weeks later. One year aft er surgery 

the mean diff erence between fi nal and initi al nerve functi on score was 14 for the surgery only 

group and 21 for the surgery plus steroids group [5]. The third study compared decompressive sur-

gery alone (n=59) with surgery plus steroids (n=25) given for 3-4 months for sensory impairment 

of the posterior ti bial nerve of varying durati on. Sati sfactory recovery of nerves with durati on of 

anaesthesia of less than six months was 60% in the surgery group and 83% in the surgery plus 

steroids group four weeks aft er surgery [4].
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One study compared operated nerves with contralateral non-operated nerves. Prior to surgery all 

parti cipants had received three months of steroid treatment. The most aff ected nerves underwent 

surgical decompression and were compared with the contralateral non-operated nerves one year 

or more aft er surgery. Of the more than 100 nerve decompressions four operated nerves had 

decreased nerve functi on aft er one year of follow-up. The other operated nerves had unchanged 

or improved nerve functi on one year aft er surgery. It is unclear how many of the contralateral 

non-operated nerves improved or deteriorated [35].

Aft er losses to follow-up, another study compared operated nerves (n=195) of 95 pati ents with 

non-operated nerves of 96 pati ents, matched for type of leprosy, age and durati on of sensory loss 

but not randomised, on changes in sensati on. Parti cipants, in whom no improvement of sensory 

nerve functi on was found aft er a standard steroid treatment (40 mg prednisolone daily for three 

weeks aft er which the dosage was reduced by 5 mg per week), were included in the study. Be-

tween 27% and 66% of the nerves had defi nite improvement two years aft er surgery compared to 

7% of the non-operated nerves which improved [36]. Improvement was more likely if the sensory 

loss had been present for a shorter ti me. Studies from Carayon et al. favour surgery plus medical 

treatment above medical treatment alone [1,37,38].

Corti costeroids are the cornerstone of management in acute nerve damage in leprosy, are rec-

ommended by the WHO and are widely available. But corti costeroids have some shortcomings. 

The eff ects of corti costeroids in the long-term remain uncertain and a considerable proporti on 

of people treated for nerve damage does not benefi t from corti costeroid treatment. Long-term 

therapy may cause serious adverse eff ects, such as pepti c ulcer, cataract, or psychosis. Spontane-

ous improvement or recovery of nerve functi on in untreated or placebo treated individuals has 

been reported and needs more investi gati on. The limitati ons of corti costeroids urge the need to 

fi nd alternati ve therapeuti c approaches [39]. Surgery alone as therapy for treati ng neuriti s is not 

recommended, but there is discussion about whether the combinati on of surgery and medical 

treatment (e.g. steroids) will give bett er results than medical treatment alone and there is a call 

for appropriate trials to examine this questi on [8,9,19].

 

CONC  LUSION

Implications for practice 
Evidence from the two randomised controlled trials is insuffi  cient to draw robust conclusions 

about the eff ect of decompressive surgery for treati ng nerve damage in leprosy. Two trials, ex-

amining the added benefi t of surgery over steroids for neuriti s of less than six months durati on, 

did not show signifi cantly bett er outcomes with steroids plus surgery than steroids alone in the 

long-term. Adverse eff ects of decompressive surgery for treati ng nerve damage in leprosy are not 

well-documented.
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Imp lications for research 
There is a need to identi fy factors which will predict a favourable response to decompressive sur-

gery or groups of pati ents or nerves that will be likely to benefi t from surgery. Future randomised 

controlled trials should be well-designed to establish the usefulness and eff ecti veness of the com-

binati on of decompressive surgery and medical treatment compared to medical treatment alone. 

New trials should pay more att enti on to non-clinical aspects, such as costs and impact on quality of 

life, because these are highly relevant indicators for both policy makers and parti cipants.
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SUMMARY

Background: Treatment for erythema nodosum leprosum (ENL), an immunological complicati on 

of leprosy, is diverse. We undertook a systemati c review as it was not clear which treatments were 

most benefi cial.

Methods: We did a systemati c search to identi fy randomised controlled trials (RCTs) comparing 

treatment with placebo, no treatment or another therapy. Two authors assessed quality and 

checked data. 

Findings: We included 13 studies involving 445 parti cipants. These trials assessed: betamethasone, 

thalidomide, pentoxifylline, clofazimine, indomethacin and levamisole. The quality of the trials 

was generally poor and no results could be pooled due to the treatments being so heterogeneous. 

Treatment with thalidomide showed a signifi cant benefi t compared to aspirin (RR 2.43; 95%CI 

1.28 to 4.59). Clofazimine treatment was superior to prednisolone (more treatment successes; RR 

3.67; 95%CI 1.36 to 9.91) and thalidomide (fewer recurrences; RR 0.08; 95%CI 0.01, 0.56). Minor 

adverse events were signifi cantly lower in parti cipants on a low dose thalidomide regimen com-

pared to a high dose thalidomide regimen (RR 0.46; 95%CI 0.23 to 0.93). Signifi cantly more minor 

adverse events were reported in parti cipants taking clofazimine compared with prednisolone (RR 

1.92; 95%CI 1.10 to 3.35). None of the studies assessed quality of life or economic outcomes.

Interpretati on: There is some evidence of benefi t for thalidomide and clofazimine, but generally 

we did not fi nd clear benefi ts for interventi ons in the management of ENL. This does not mean 

they do not work because the studies were small and poorly reported. Larger studies using clear 

defi niti ons and internati onally recognised scales are urgently required.
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INTRODUCTION

This paper is based on a Cochrane review fi rst published in The Cochrane Library 2009, Issue 3 (see 

htt p://www.thecochranelibrary.com/ for informati on). Cochrane reviews are regularly updated as 

new evidence emerges and in response to feedback, and The Cochrane Library should be consulted 

for the most recent version of the review.

Erythema nodosum leprosum (ENL) or type 2 leprosy reacti on is an immune-mediated complica-

ti on of leprosy, causing infl ammati on of skin, nerves and other organs, and general malaise [1-3]. 

ENL only occurs in people with borderline lepromatous (BL) and lepromatous (LL) leprosy. These 

people have high bacterial loads which increase the risk of ENL. The reported prevalence of ENL 

among these people is highly variable with high rates (up to 50%) in Asia [4] and lower rates (up to 

12%) in Africa [5]. Most people with ENL have multi ple acute episodes of ENL or chronic ENL over 

several years. Few people experience a single acute episode of ENL [4]. 

Therapies for ENL aim to control the acute infl ammati on, relieving the pain and preventi ng fur-

ther nerve damage or new episodes. The conventi onal treatment for mild ENL is rest and anti -

infl ammatory medicati on. Aspirin is the most commonly used anti -infl ammatory drug, but indo-

methacin, chloroquine and colchicine have been tested as well [2,6]. For severe ENL, prednisolone 

and clofazimine are most commonly used. Prednisolone usually acts rapidly by controlling the 

acute infl ammati on and relieving the pain. The starti ng dose should be the lowest possible to 

control ENL and be gradually reduced. The schedule for reducing prednisolone depends on the 

course of the disease. ENL is oft en recurrent or chronic and requires high-dose and prolonged 

courses of prednisolone for the disease to be controlled. This increases the risk of adverse events, 

such as hypertension or diabetes, and steroid dependency [2,6]. Clofazimine is considered a useful 

anti -infl ammatory drug when corti costeroids are contraindicated or need to be reduced. How-

ever, treatment with clofazimine usually takes 4 to 6 weeks to become acti ve and the dose of 

clofazimine needed to control ENL is higher than the dose used in multi  drug therapy (MDT). 

Disadvantages of conti nuous high doses of clofazimine are gastrointesti nal symptoms (e.g. diar-

rhoea) and dark discolorati on of the skin [2,6,7]. Another drug used to treat ENL is thalidomide. The 

eff ecti veness of thalidomide in ENL is primarily due to its acti on on the profl ammatory cytokine 

TNF but other mechanisms may contribute to its anti -infl ammatory eff ect [8]. The seventh WHO 

Expert Committ ee on Leprosy considered thalidomide as an eff ecti ve treatment of severe ENL, and 

recommended to restrict thalidomide treatment to male or postmenopausal female pati ents only. 

Thalidomide should only be given to women of childbearing age when comprehensive contracep-

ti ve precauti ons can be taken, because its use may cause serious birth defects when taken in early 

pregnancy [9].

ENL is a serious immunological complicati on of leprosy. The complex mechanisms underlying ENL 

are not fully understood yet, which makes treatment diffi  cult. Corti costeroids, clofazimine and 

thalidomide are the drugs of choice for ENL, but all have drawbacks and the opti mal regimen has 
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not been established. Alternati ve therapies (e.g. ciclosporin, oral zinc) have been tested, but it is 

unclear if they are benefi cial, or which one is preferable. The role of newer treatments, such as 

TNF-α anti body treatment, intravenous immunoglobulin, and tenidap, is not known.

METHODS

Search strategy
We searched the Cochrane Skin Group Specialised Register using the following search terms: (lep-

rosy and type and 2) or lepromatous or lepra* or (erythema and nodosum) or ‘ENL’ or (leprosy 

and borderline) or leprosum. This search strategy, combined with a search strategy for identi fy-

ing randomised trials, was adapted to include additi onal search terms where necessary and was 

modifi ed to search the Cochrane Central Register of Controlled Trials (Cochrane Library, Issue 1, 

2009), MEDLINE (from 2003), EMBASE (from 2005), LILACS and AMED (from incepti on),CINAHL 

(from 1981) and databases of ongoing trials. All searches were done in March 2009. We checked 

reference lists of arti cles. We contacted a person to locate studies from Brazil. There were no lan-

guage restricti ons. Two authors checked the ti tles and abstracts of all the publicati ons identi fi ed 

to examine which studies were eligible. 

Study selection
Studies were eligible if they were randomised controlled trials (RCTs) assessing any therapy for 

ENL, including systemic corti costeroids, systemic non-steroidal immunomodulatory therapies and 

diverse therapies. We used the following defi niti on of ENL: ‘an infl ammatory conditi on, in which 

people develop crops of tender erythematous subcutaneous skin lesions’. There may be accom-

panying neuriti s, iriti s (infl ammati on of the iris), arthriti s, orchiti s (infl ammati on of the testi s), 

dactyliti s (infl ammati on of the fi ngers and toes), lymphadenopathy, oedema and fever. The skin 

signs are obligatory; the nerve and general signs opti onal [10,11]. The primary outcome measure 

of interest was the proporti on of parti cipants achieving remission of skin lesions. Remission was 

defi ned as the absence of new tender erythematous subcutaneous skin lesions at completi on of 

the ENL therapy, as assessed by a clinician. Secondary outcome measures were: the proporti on of 

parti cipants achieving remission of infl ammati ons at other sites, investi gator-assessed change in 

ENL severity, ti me to next clinical episode of ENL and changes in quality of life. We considered data 

that had been recorded for four weeks or less from the start of treatment to refl ect short-term 

benefi t and these were analysed separately from data that were recorded for more than four 

weeks from the start of treatment, which we considered to refl ect the minimum ti me period to 

capture any longer-term benefi t. The short-term assessment (one to four weeks) was considered 

the primary endpoint, because the defi nite treatment eff ects should be visible within the fi rst 

few weeks. The medium-term assessment (between four weeks and six months) was used as a 
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secondary endpoint. Assessments of more than six months aft er the start of treatment were con-

sidered long-term outcomes.

Methodological quality
The methodological quality of the included studies was based on the following criteria: the meth-

od of generati on of the randomisati on sequence; the method of allocati on concealment; who was 

blinded/not blinded (parti cipants, clinicians, outcome assessors); how many parti cipants were lost 

to follow-up in each arm and whether parti cipants were analysed in the groups to which they were 

originally randomised (intenti on to treat principle); degree of certainty that parti cipants had ENL; 

baseline comparison for age, sex, durati on and severity of ENL; whether outcome measures were 

clearly described.

Each criterion was assessed as A: adequate, B: unclear or C: inadequate. If one of the criteria was 

not described in the study, it was labelled ‘inadequate’. Two authors independently assessed the 

included studies for methodological quality. 

Data extraction and analysis
One author extracted data regarding methodology and outcome measures from the included 

studies onto a data extracti on form, and a second author checked the data. If there were miss-

ing data, the trial authors were contacted. Authors were not blinded to trial author, journal or 

insti tuti on. We used the Cochrane stati sti cal package, Review Manager, for stati sti cal data analysis. 

Results were expressed as mean diff erences with 95% confi dence intervals (CI) for conti nuous 

outcome measures and relati ve risks (RR) with 95% CI for dichotomous outcomes. We were not 

able to pool results from studies due to treatments and outcomes being so heterogeneous, and 

did not perform sensiti vity analysis. We did not perform further subgroup analysis due to lack of 

data on diff erent subgroups (mild versus severe ENL; single acute versus multi ple acute versus 

chronic ENL). Adverse eff ects that were reported in the included studies were described.

RESULTS

Study selection
We found 269 citati ons to potenti ally relevant trials from the electronic searches. Eight potenti ally 

eligible studies were found from references of included trials and reviews. Correspondence with 

authors and other persons and searching of grey literature revealed one potenti ally relevant trial. 

We identi fi ed 48 possible studies, of which 13 were RCTs. The search of the ongoing trial registers 

revealed one ongoing trial. We excluded 35 studies of which 21 were not RCTs, two were excluded 

as they did randomisati on by alternati on, ten did not have ENL as inclusion criterion, but included 

parti cipants with lepromatous leprosy in general, one was a duplicate study and one was excluded 

because it described only intake results and was not completed.
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Characteristics of included studies
We included thirteen trials with 445 parti cipants in this review and characteristi cs of these stud-

ies are shown in table 1. Ten studies were published between 1969 and 1985 and three studies 

between 2002 and 2007. Three trials had a cross-over design and 10 trials had a parallel group 

design, of which one trial had four parallel groups. The studies involved sample sizes between 9 

and 92 parti cipants. Two studies randomised and evaluated ENL reacti ons of parti cipants. The age 

range of parti cipants in eight studies was 14 to 69 years; fi ve studies did not report informati on on 

the age of the parti cipants. Five studies included both males and females, four studies included 

only males, and four studies did not report this informati on. The durati on of ENL reacti ons varied 

from 0-12.5 years in eight trials, and fi ve trials did not report this informati on. The severity of 

reacti ons ranged from mild to severe and was reported in eight trials.

Interventions
The included studies examined the following interventi ons.

Systemic corti costeroids:

1. infusion of betamethasone in 5% dextrose versus infusion of 5% dextrose [12]

Systemic non-steroidal immunomodulatory therapies:

 – thalidomide versus placebo [13-15]

 – thalidomide versus acetylsalicylic acid [16]

 – 100 mg thalidomide regimen versus 300 mg thalidomide regimen [17]

 – pentoxifylline versus thalidomide [18]

 – clofazimine versus placebo [19]

 – clofazimine versus thalidomide [20]

 – clofazimine versus prednisolone [21]

 – indomethacin versus prednisolone [22]

 – indomethacin versus chloroquine versus prednisolone versus aspirin [23]

 – levamisole versus placebo [24]

Diverse therapies:

 – none
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Outcome measures 
The outcomes remission of skin lesions and remission of infl ammati on at other sites were not 

explicitly reported in any of the trials. Seven trials used diff erent grading scales or scores to assess 

ENL severity. The secondary outcome of ti me to next clinical episode was not reported in any of 

the trials. None of the studies measured changes in quality of life or economic outcomes. Adverse 

eff ects were not reported in three trials.

Six trials recorded data only for four weeks or less from the start of treatment, refl ecti ng short-

term benefi t. Three trials had the outcome assessment at medium term, ranging from four weeks 

to six months from the start of treatment. One trial assessed long-term benefi t, more than six 

months aft er treatment. One trial assessed both on short-term and medium-term, and one trial 

both on medium-term and long-term. The ti ming of outcome assessment was unclear in one trial.

Methodological quality
The methodological quality of the trials was generally poor. The results of the assessment of

methodological quality are shown in Table 2. None of the trials was clear as to how randomisati on 

lists were generated. Concealment of allocati on was considered adequate in two trials which had 

the medicati on pre-prepared by a drug company [16,17]. 

Blinding of outcome assessment was att empted for most of the trials, but none of the studies 

clearly described who (the parti cipants, clinicians and outcome assessors) was blinded. 

Informati on about incomplete outcome data was generally not reported and parti cipant losses 

ranged between 0 and 33%. Seven trials did not report informati on on incomplete outcome data, 

but if accepti ng no menti on in the text and no signs of att riti on in tables, as a 100% follow-up, all 

of these trials had a follow-up rate of 100%. Six trials reported missing data and two performed 

intenti on to treat analysis. 

Six trials did not perform a stati sti cal analysis, but only described the results. One study [22] re-

ported in the summary that “indomethacin is eff ecti ve in treati ng only mild and moderate cases 

of ENL”. The summary of one study [14] concluded that “nine of the ten parti cipants showed a 

very signifi cant improvement”. Another study [13] summarised that “thalidomide was superior 

to a placebo”. None of these studies provided suffi  cient evidence (e.g. signifi cant test values) to 

support these claims. 
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Table 2. Assessment of methodological quality

Study Adequate 
sequence 
generati on

Allocati on 
concealment

Blinding Incomplete 
outcome data 
addressed

Free of 
selecti ve 
reporti ng

Free of other 
bias1

Girdhar 2002 unclear unclear unclear unclear yes unclear

Pearson 1969 unclear unclear unclear yes no unclear

Waters 1971 unclear unclear unclear unclear no unclear

Sheskin 1969 unclear unclear unclear unclear yes unclear

Iyer 1971 unclear yes unclear unclear unclear unclear

Villahermosa 2005 unclear yes unclear no yes unclear

Sales 2007 unclear unclear unclear yes yes unclear

Helmy 1971 unclear unclear unclear no unclear unclear

Iyer 1976 unclear unclear no unclear unclear unclear

Karat 1970 unclear unclear unclear unclear yes yes

Ing 1969 unclear unclear unclear unclear no unclear

Karat 1969 unclear unclear unclear unclear yes unclear

Arora 1985 unclear unclear unclear unclear yes unclear

1 certainty of diagnosis, baseline comparison, explicit outcomes

Five studies specifi ed erythema nodosum leprosum (ENL) in their inclusion criteria. Most other 

studies did not defi ne ENL, but did menti on it under the inclusion criteria. Five studies did not 

provide data for baseline comparison and seven studies were not clear as to whether groups were 

similar at baseline. Six studies did not clearly describe outcome measures. 

Effects of interventions
Subgroup analysis was not performed as there were no appropriate studies to pool. Of the 13 

studies included, none compared the same interventi ons or had comparable outcomes. We did 

not fi nd any trials assessing diverse therapies for ENL. Quality of life and economic outcomes were 

not included in any of the trials.

PRIMARY OUTCOME MEASURE

(a) The proportion of participants achieving remission of skin lesions
None of the studies reported the absence of new skin lesions at the end of therapy. Two studies 

had outcome measures that were considered to refl ect our primary outcome measure, Karat et 

al. [21] reported treatment success, including absence of new ENL lesions and Sheskin et al. [15] 

reported improvement, including absence of new ENL lesions, but did not provide separate data 

of the fi rst randomised treatment regimen for comparison. Five studies reporti ng diff ering defi ni-

ti ons of remission of skin lesions. One study reported the number of parti cipants with no further 
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reacti on aft er the fi rst treatment regimen, implying absence of new ENL skin lesions [16]. Three 

studies reported the resoluti on of existi ng skin lesions [17,18,22].

Systemic corticosteroids
Remission of skin lesions was not reported for any systemic corti costeroid interventi ons.

Systemic non-steroidal immunomodulatory therapies
Short-term:

Signifi cantly more parti cipants who received thalidomide treatment had no further reacti on aft er 

seven days, requiring a second treatment regimen, compared to those receiving acetylsalicylic 

acid (aspirin) treatment (RR 2.43; 95% CI 1.28 to 4.59; n=92) [16]. No signifi cant diff erence in reso-

luti on of existi ng infl amed ENL nodules was found between the 100 mg thalidomide regimen and 

the 300 mg thalidomide regimen aft er seven days (RR 1.33; 95% CI 0.64 to 2.79; n=22) [17]. No sig-

nifi cant diff erence in the resoluti on of existi ng infl amed ENL skin nodules was observed between 

pentoxifylline and thalidomide aft er 30 days of treatment (RR 1.05; 95% CI 0.74 to 1.49; n=25) 

[18]. No signifi cant diff erence in complete subsidence of existi ng ENL lesions was found between 

indomethacin and prednisolone aft er four weeks (RR 2.33; 95% CI 0.76 to 7.13; n=30) [22].

Medium-term:

One parti cipant, who had received the 300 mg thalidomide regimen, had a successful taper, de-

fi ned as a complete response aft er seven days and lack of new acutely infl amed lesions during 

the six week taper and for at least two months aft er stopping thalidomide [17]. Signifi cant more 

treatment successes were observed in the clofazimine group compared to the prednisolone group 

at the end of 12 weeks of treatment (RR 3.67; 95% CI 1.36 to 9.91; n=24) [21].

SECONDARY OUTCOME MEASURES

(a) The proportion of participants achieving remission of inflammations at other 
sites 
Remission of infl ammati ons at other sites was not reported in any of the studies, or inadequately 

[16] (no separate data of the fi rst randomised treatment regimen).

(b) Investigator-assessed change in ENL severity
One study used a global assessment score to assess for changes in ENL symptoms (anorexia, ar-

thralgias, chills, malaise, neuriti s, orchiti s and fever) [17]. One study used a grading scale (0-3) to 

assess changes in ENL severity, with higher grades indicati ng more severe ENL [24]. One study 

[13] used an ENL severity score, but did not provide individual parti cipant data or means and 

standard deviati ons for comparison. Two studies assessed change in ENL severity using diff erent 
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scoring methods, but provided only sum scores of the weekly scores over the four weeks trial 

period [14,19]. One study assessed the frequency and severity of ENL, but did not provide data 

or signifi cant test values for comparison [12]. One study reported control of reacti on, but it was 

unclear how control was defi ned [23]. It was unclear whether any of the scales used had been 

formally validated.

Systemic corticosteroids
Change in ENL severity was not reported for any systemic corti costeroid interventi ons.

Systemic non-steroidal immunomodulatory therapies
Short-term:

No signifi cant diff erence in improvement (becoming asymptomati c) was found between the 100 

thalidomide regimen and the 300 mg thalidomide regimen aft er seven days of treatment (RR 1.67; 

95%CI 0.85 to 3.26; n=22) [17].

Medium-term:

No signifi cant diff erence in improvement (change from grade 3 to grade 1 or 0) was observed 

between levamisole and placebo aft er three months (RR 0.95; 95%CI 0.36 to 2.49; n=12) [24]. No 

signifi cant diff erence in control of reacti on was found between indomethacin and chloroquine (RR 

0.95; 95% CI 0.52 to 1.74; n=23), prednisolone (RR 0.65; 95% CI 0.41 to 1.02; n=24) and aspirin 

(RR 0.89; 95% CI 0.51 to 1.55; n=25) respecti vely. The durati on of the trial and ti ming of outcome 

assessment was unclear; the paper stated both a trial period of 90 days and of 12 months [23].

(c) Time to next clinical episode of ENL
Time to next clinical episode of ENL was not reported in any of the studies. Four studies reporti ng 

diff ering defi niti ons of ti me to next clinical episode of ENL. One study reported recurrence of new 

lesions by week 7 in parti cipants who had achieved remission of existi ng ENL skin lesions at the 

end of the fi rst week [17]. One study reported relapse of ENL within 52 weeks aft er treatment [20]. 

Two studies reported recurrence of ENL by the end of the trial period in parti cipants whose initi al 

reacti on was controlled in this same period [21,23].

Systemic corticosteroids
Time to next clinical episode of ENL was not reported for any systemic corti costeroid interventi ons.

Systemic non-steroidal immunomodulatory therapies
Medium-term:

No signifi cant diff erence in recurrence of new lesions aft er seven weeks was observed between 

the 100 mg thalidomide regimen and the 300 mg thalidomide regimen (RR 3.75; 95% CI 0.62 to 
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22.64; n=13) [17]. No signifi cant diff erence in recurrence of ENL was found between clofazimine 

and prednisolone at the end of 12 weeks (RR 0.14; 95% CI 0.02 to 1.04; n=14) [21].

Long-term:

Results showed signifi cantly less parti cipants with relapse of ENL in the clofazimine group com-

pared to the thalidomide group within 52 weeks aft er treatment (RR 0.08; 95% CI 0.01 to 0.56; 

n=72) [20]. No signifi cant diff erence in recurrence of ENL was observed between indomethacin 

and chloroquine (RR 1.14; 95% CI 0.44 to 2.94; n=15), prednisolone (RR 0.83; 95% CI 0.40 to 1.72; 

n=20) or aspirin (RR 0.82; 95% CI 0.38 to 1.74; n=17) respecti vely at the end of the trial period (90 

days or 12 months) [23].

(d) Changes in quality of life
None of the trials reported changes in quality of life.

Adverse events 
Three trials did not report on adverse events [19,20,24]. The other trials did provide informati on 

about adverse events, but oft en the number of parti cipants with any adverse events in both 

groups was unclear.

Systemic corticosteroids
Minor adverse events not requiring withdrawal from treatment (swelling of the face, ‘buff alo 

hump’, striae distensae and acne) were more oft en reported in parti cipants who received intrave-

nous dextrose alone and oral steroids per their need to control ENL (control group) compared to 

those who received intravenous betamethosane in 5% dextrose, but the number of parti cipants 

with adverse events in each group was not given [12].

Systemic non-steroidal immunomodulatory therapies
Withdrawals from thalidomide treatment were caused by intesti nal obstructi on (1/12 parti cipants) 

[13], and worsening of ENL symptoms (3/22 parti cipants) [17]. Minor adverse events not requiring 

withdrawal from thalidomide treatment (e.g. mild dermati ti s, consti pati on, nausea, drowsiness, 

headache, insomnia, dizziness, dryness) were reported, but data for comparison was unclear or 

lacking [13-16,18]. Signifi cantly less parti cipants in the 100 mg thalidomide regimen group reported 

any mild to moderate adverse events compared to those in the 300 mg thalidomide regimen 

group during the 7-week regimen (RR 0.46; 95%CI 0.23 to 0.93; n=22) [17]. Withdrawals from 

pentoxifylline were due to gastrointesti nal intolerance to the drug (1/24 parti cipants) and fever 

and conti nuing lesion infl ammati on (3/24 parti cipants). Adverse events not requiring withdrawal 

from pentoxifylline treatment (e.g. gastrointesti nal complaints, nausea) were reported in 2/24 

parti cipants [18]. Signifi cantly more parti cipants who received clofazimine had minor adverse 
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events compared to those who received prednisolone (RR 1.92; 95%CI 1.10 to 3.35; n=24). In the 

clofazimine group all parti cipants had red/black pigmentati on. No withdrawals from either clofazi-

mine or prednisolone treatment were reported [21]. Withdrawal from indomethacin treatment 

was due to deteriorati on of ENL (1/16 parti cipants). Minor adverse events (e.g. nausea, dizziness, 

insomnia) were more frequently reported in parti cipants who received indomethacin (9 events) 

compared to those who received prednisolone (1 event) [22]. No signifi cant diff erences in minor 

adverse events (e.g. abdominal pain, nausea, headache) were observed between indomethacin 

and chloroquine (RR 1.09; 95% CI 0.57 to 2.10; n=23), prednisolone (RR 0.92; 95% CI 0.52 to 1.63; 

n=24) and aspirin (RR 2.23; 95% CI 0.87 to 5.71; n=25) respecti vely [23].

DISCUSSION

Summary of main results  
There are no good controlled trial data on the opti mum treatment for controlling the acute phase 

of ENL. Our review included 13 randomised controlled trials involving 445 parti cipants, and as-

sessed the eff ects of betamethasone, thalidomide, pentoxifylline, clofazimine, indomethacin and 

levamisole in the management of ENL. One trial showed thalidomide treatment to be superior to 

acetylsalicylic acid treatment (less new reacti ons requiring further treatment) in the short-term 

control of ENL [16]. Two trials showed signifi cant longer-term benefi ts of clofazimine treatment 

compared to thalidomide (fewer recurrences) or prednisolone (more treatment successes) re-

specti vely [20,21]. Mild to moderate adverse events were signifi cantly higher in parti cipants taking 

a 300 mg versus 100 mg dose of thalidomide [17] and in parti cipants taking clofazimine compared 

with prednisolone [21].

The results should be considered with cauti on, due to methodological shortcomings. Data extrac-

ti on of the study of Iyer et al. was limited to the results of the fi rst randomised treatment regi-

men to avoid having more than one outcome per parti cipant in the analysis [16]. In another study 

parti cipants conti nued on a maintenance dose of either 100 mg clofazimine or 50 mg thalidomide 

daily during the year aft er therapy. The study found signifi cantly less recurrences of ENL in the 

group who received clofazimine therapy and this eff ect may be due to the persistance of clofazi-

mine in the body over a longer period of ti me [20]. Karat et al. tapered the dose of prednisolone 

(starti ng at 30 mg daily and tapered off  to 5 mg daily), while the dose of clofazimine (300 mg daily) 

remained the same during the 12-week treatment [21].

Quality of the evidence  
The quality of trials was generally poor, especially in studies published more than twenty years 

ago, due to the lack of clear reporti ng of methods, data and the allocati on process. Most of the 

studies were too small (10 to 92 parti cipants) to identi fy important diff erences even if they existed. 
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Three studies had a cross-over design which is associated with increased risk of bias [13,14,19]. We 

therefore considered only results of the fi rst phase treatment if these data were available. Two 

studies used more than one outcome of individual parti cipants in the analysis [15,16]. This may 

have led to an over-esti mate of the eff ect because the within-pati ent variance between outcomes 

of the same person may be smaller than the between-pati ent variance of outcomes between indi-

viduals. We used only data of the fi rst randomised treatment to overcome this concern and these 

were only available for the trial of Iyer et al. [16]. Most of the trials reported co-medicati on, which 

may have diluted the eff ect of the interventi on tested in the studies. Most of the studies were not 

clear as to how allocati on sequences were generated or how allocati on was concealed. Blinding, 

especially of the outcome assessor, was not described at all or unclear. Trials assessing clofazimine 

were unblinded the moment skin discolorati on appeared. This might have biased the outcome 

assessments. Six studies reported incomplete outcome data, but only two of those performed an 

intenti on to treat analysis. Baseline data were poorly reported and absent in fi ve studies. Adverse 

eff ects were oft en reported inadequately, limiti ng comparisons between experimental and control 

groups. 

CONCLUSION

Implications for practice  
There is some evidence of benefi t for thalidomide and clofazimine, but generally we found insuf-

fi cient evidence to make any fi rm recommendati ons on the use of any of the interventi ons tested 

for management of ENL and included in this review. This does not mean they do not work, because 

the studies were generally of poor quality and small-sized.

Treatment with thalidomide showed a signifi cant benefi t compared to acetylsalicylic acid (aspirin). 

Clofazimine treatment was superior to prednisolone and thalidomide. Current guidelines for the 

management of ENL are given by bodies such as the World Health Organizati on (WHO) and the In-

ternati onal Federati on of Anti -Leprosy Associati ons (ILEP), but these guidelines are not supported 

by evidence from randomised controlled trials and are developed from practi ce.

Most of the studies reported adverse eff ects of treatment. Mild to moderate adverse events were 

signifi cantly higher in parti cipants taking a 300 mg versus 100 mg dose of thalidomide and in 

parti cipants taking clofazimine compared with prednisolone. Only in a few instances withdrawal 

from treatment was required, but it was not always clear whether this was due to treatment or 

for another reason. Adverse eff ects of commonly used drugs, such as prednisolone, clofazimine 

and thalidomide are well-documented and should be kept in mind when prescribing drugs for ENL.
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Implications for research  
The thirteen trials included in this review were generally of poor methodological quality and have 

mostly been of short durati on. A wide range of interventi ons were assessed, one trial evaluated 

betamethasone, fi ve trials thalidomide, one trial pentoxifylline, three trials clofazimine, two trials 

indomethacin and one trial levamisole.

It was oft en unclear what the durati on and severity of ENL was before the starti ng of treatment. 

Future studies should have clearer case defi niti ons for ENL and we recommend that diff erent dura-

ti ons of ENL (single acute episode, multi ple acute episode or chronic) and diff erent severity of 

ENL (mild or severe) be disti nguished, as such subgroups may need diff erent management of ENL.

Erythema nodosum leprosum is a complicated disease known for its unpredictability, its variable 

severity and durati on, and its oft en chronic and recurrent nature. Although most agents may work 

similarly for controlling the acute symptoms of ENL, preventi on of recurrences is far more diffi  cult.

There is a need for good quality studies which follow the current standards for design and re-

porti ng of randomised controlled trials, and for large multi -centre studies to ensure that enough 

parti cipants are enrolled.

None of the studies investi gated whether the interventi ons improved quality of life of parti cipants 

and only a few examined the long-term eff ects of interventi ons. There is a need for clearly defi ned 

outcome measures, both at short-term and longer-term. We would recommend that future stud-

ies include outcomes, such as absence of new tender erythematous subcutaneous skin lesions at 

completi on of the ENL therapy, disappearance of ENL associated infl ammati on at other sites than 

the skin (such as iriti s and arthriti s) at completi on of the ENL therapy, ti me to next clinical episode 

of ENL aft er completi on of treatment, and quality of life measures.

It is recommended that internati onally recognised and validated severity scales be developed so 

that results from diff erent countries can be compared.

A trial comparing directly prednisolone and thalidomide has never been done, and is urgently 

needed.

Future studies should aim to assess the effi  cacy, safety and opti mal regimens of prednisolone and 

thalidomide for severe ENL and clofazimine for mild ENL as well as other potenti ally benefi cial 

therapies.
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SUMMARY

Background: Preventi on of disability (POD) is one of the key objecti ves of leprosy programmes. 

Recently, coverage and access have been identi fi ed as the priority issues in POD. Assessing the 

cost-eff ecti veness of POD interventi ons is highly relevant to understanding the barriers and op-

portuniti es to achieving universal coverage and access with limited resources. The purpose of this 

study was to systemati cally review the quality of existi ng cost-eff ecti veness evidence and discuss 

implicati ons for future research and strategies to prevent disability in leprosy and other disabling 

conditi ons.

Methods: We searched electronic databases (NHS EED, MEDLINE, EMBASE, and LILACS) and data-

bases of ongoing trials (www.controlled-trials.com/mrct/, www.who.int/trialsearch). We checked 

reference lists and contacted experts for further relevant studies. We included studies that re-

ported both cost and eff ecti veness outcomes of two or more alternati ve interventi ons to prevent 

disability in leprosy. We assessed the quality of the identi fi ed studies using a standard checklist for 

criti cal appraisal of economic evaluati ons of health care programmes. 

Findings: We found 66 citati ons to potenti ally relevant studies and three met our criteria. Two 

were randomised controlled trials (footwear, management of neuriti s) and one was a generic 

model-based study (cost per DALY). Generally, the studies were small in size, reported inadequate-

ly all relevant costs, uncertainti es in esti mates, and issues of concern and were based on limited 

data sources. No cost-eff ecti veness data on self-care, which is a key strategy in POD, was found.

Interpretati on: Evidence for cost-eff ecti veness of POD interventi ons for leprosy is scarce. High 

quality research is needed to identi fy POD interventi ons that off er value for money where resourc-

es are very scarce, and to develop strategies aimed at available, aff ordable and sustainable quality 

POD services for leprosy. The fi ndings are relevant for other chronically disabling conditi ons, such 

as lymphati c fi lariasis, Buruli ulcer and diabetes in developing countries.



Cost-effectiveness of interventions to prevent disability in leprosy: a systematic review

133

INTRODUCTION

Leprosy is a leading cause of permanent disability among communicable diseases. An esti mated 

three million people live with disability due to leprosy [1] and it is expected that up to one million 

people will conti nue to suff er from disability in the next decades [2]. The Internati onal Classifi cati on 

of Functi oning, Disability and Health (ICF) defi nes disability as ‘an umbrella term for impairments, 

acti vity limitati ons and parti cipati on restricti ons’ [3]. This defi niti on goes beyond the concept of 

considering disability in medical terms only, and recognises the social context of disability. More 

than most other diseases, leprosy has a very negati ve image. People with visible disability fear sti g-

mati zati on and discriminati on, and experience serious psychosocial and economic problems [4-6].

One of the main components of leprosy programmes and research has been preventi on of dis-

ability (POD). Interventi ons include: early detecti on and treatment of reacti ons and nerve dam-

age, self-care interventi ons, health educati on, footwear programmes, and reconstructi ve surgery. 

More recently, the need for clear and sound guidance for leprosy control acti viti es resulted in 

the organizati on of a technical forum by the Internati onal Leprosy Associati on (ILA). Their report, 

published in 2002, reviewed the existi ng literature for the eff ecti veness of important issues related 

to leprosy control, but did not address cost-eff ecti veness [7]. In 2006, a Consensus Development 

Conference on preventi on of disability in chronically disabling conditi ons, such as leprosy, lym-

phati c fi lariasis, Buruli ulcer and diabetes was held. The main research theme of the conference 

was how to achieve universal coverage of essenti al POD interventi ons. One of the conclusions was 

that priority should be given to research that addresses issues of coverage and access [8]. 

In developing or low-income countries, cost-eff ecti ve interventi ons oft en do not reach many of 

those who need them most. Achieving universal coverage usually means ‘going to scale’, defi ned 

as ‘a policy that builds on one or more interventi ons with known eff ecti veness and combines them 

into a programme delivery strategy designed to reach high, sustained, and equitable coverage, at 

adequate levels of quality, in all who need the interventi ons’. It assumes that the chosen interven-

ti ons for scaling up are known to be feasible, aff ordable, and eff ecti ve for implementati on in the 

specifi c setti  ng [9]. 

Evidence for the eff ecti veness of POD interventi ons in leprosy is limited. Recently, two systemati c 

reviews have been published. One review assessed the eff ects of corti costeroids for treati ng nerve 

damage in leprosy [10] but did not fi nd evidence from randomised controlled trials for a signifi cant 

long-term eff ect of steroid therapy in improving either mild sensory nerve functi on impairment 

[11] or longstanding nerve functi on impairment [12]. 

The second review assessing the eff ects of interventi ons for skin damage in leprosy [13] found weak 

evidence favouring topical ketanserin over clioquinol cream or zinc paste [14] and topical phenytoin 

over saline dressing [15,16] in ulcer healing. No evidence from randomised controlled trials for the 

eff ecti veness of self-care or educati onal interventi ons was found. Cost-eff ecti veness data are even 

more limited, though the importance of cost-eff ecti veness analysis has been recognised. The ILA 
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technical forum included a research questi on about which methods are most cost-eff ecti ve, but 

did not answer this questi on in their report [7]. The consensus statement on POD menti oned that 

it would be more cost-eff ecti ve to combine POD strategies and interventi ons for several related 

chronically disabling conditi ons in leprosy-endemic countries, and recommended further research 

on cost-eff ecti ve methods to promote self-care and the use of appropriate footwear [8].

We assessed the existi ng literature on cost-eff ecti veness of POD interventi ons in leprosy as it was 

not clear which interventi ons were most cost-eff ecti ve, using a standard checklist for economic 

evaluati ons and discussed the fi ndings in the light of availability, aff ordability, and sustainability of 

POD interventi ons for leprosy and other chronically disabling conditi ons in developing countries. 

METHODS

Searching
In November 2008, a systemati c search was done. We searched the NHS EED database (from 1994) 

using the search term: leprosy. We searched MEDLINE (from 1966), EMBASE (from 1980), and 

LILACS (from 1982), using the strategy in table 1. We searched databases of ongoing trials (www.

controlled-trials.com/mrct/, www.who.int/trialsearch), we checked reference lists for any addi-

ti onal relevant studies, and we contacted experts in leprosy for ongoing studies or unpublished 

data. There were no language restricti ons when we searched for publicati ons.

Selection
We included studies that met the following criteria: 

 – assessing interventi ons to prevent disability in leprosy and

 – comparing two or more competi ng alternati ves and

 – reporti ng both cost and eff ecti veness of the interventi ons compared

 – There were no restricti ons on the type of study design when we searched for publicati ons.

Validity assessment
We assessed the quality of the studies, using a check-list from Drummond al. [17], consisti ng of 

ten essenti al questi ons, for criti cally appraising studies of economic evaluati on of health care 

programmes (see table 2). With respect to questi on 10 (did the presentati on and discussion of 

study results include all issues of concern to users), we focussed on availability, aff ordability, and 

sustainability. Availability includes issues of coverage and access, aff ordability means that each of 

the parti es involved is able and willing to pay for a given health care programme or interventi on, 

and sustainability refers to long-term strategies for sustaining health care programmes.
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Table 1. Search strategy for identi fying economic evaluati ons of interventi ons to prevent disability in 

leprosy

# Term Field 

1 economics MeSH Subheading

2 economic evaluati on ti tle or abstract

3 cost-benefi t analysis ti tle or abstract

4 cost-eff ecti veness analysis ti tle or abstract

5 cost-eff ecti ve ti tle or abstract

6 cost-uti lity analysis ti tle or abstract

7 cost ti tle or abstract

8 costs ti tle or abstract

9 or/1-8

10 leprosy ti tle or abstract

11 hansen’s disease ti tle or abstract

12 hansen disease ti tle or abstract

13 or/10-12

14 disability ti tle or abstract

15 disabled ti tle or abstract

16 deformity ti tle or abstract

17 deformed ti tle or abstract

18 impairment ti tle or abstract

19 impaired ti tle or abstract

20 neuriti s ti tle or abstract

21 nerve damage ti tle or abstract

22 nerve functi on impairment ti tle or abstract

23 reacti on ti tle or abstract

24 reacti ons ti tle or abstract

25 ulcer ti tle or abstract

26 eye damage ti tle or abstract

27 visual impairment ti tle or abstract

28 blindness ti tle or abstract

29 footwear ti tle or abstract

30 self-care ti tle or abstract

31 surgery ti tle or abstract

32 or/14-31 

33 9 and 13 and 32

Data abstraction and study characteristics
One author (NvV) extracted the relevant data (e.g. type of study design, interventi ons, outcome 

measures) from the eligible studies and a second author (PMN) checked the data. The authors dis-

cussed discrepancies between themselves. Missing data were obtained from study authors where 

possible. The authors were not blinded to the names of study authors, journal or insti tuti ons. 
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 Table 2. Check-list for assessing economic evaluati ons

1 Was a well-defi ned questi on posed in answerable form? 

2 Was a comprehensive descripti on of the competi ng alternati ves given? 

3 Was the eff ecti veness of the programmes or services established?

4 Were all the important and relevant costs and consequences for each alternati ve identi fi ed? 

5 Were costs and consequences measured accurately in appropriate physical units?

6 Were costs and consequences valued credibly?

7 Were costs and consequences adjusted for diff erenti al ti ming?

8 Was an incremental analysis of costs and consequences of alternati ves performed?

9 Was allowance made for uncertainty in the esti mates of costs and consequences?

10 Did the presentati on and discussion of study results include all issues of concern to users?

From: Drummond al. 17

Quantitative data synthesis
For studies with a similar type of POD interventi on, we planned to calculate standardised esti -

mates of the cost per disability-adjusted life-year (DALY). Where it was not possible to pool data, 

we summarised the cost-eff ecti veness data for each study. 

RE SULTS

Fl owchart 
The electronic searches found 62 citati ons to potenti ally relevant studies. Two further potenti ally 

eligible studies were found from reference lists of included studies and reviews. Correspondence 

with experts in leprosy and searching of grey literature revealed another two potenti ally relevant 

studies. We identi fi ed seven possible studies of economic evaluati on. The search of the ongoing 

trial registers did not reveal any ongoing trials. We excluded four studies. One study was a review 

paper describing only costs of diff erent components of a global leprosy eliminati on programme 

[18]. The second study modelled the producti vity gains if deformity would be eliminated [19]. The 

third study assessed only the cost of off ering disability care either through community volunteers 

or leprosy workers at the clinic [20]. The fourth study was an unpublished report describing guide-

lines for doing a systemati c cost analysis in leprosy control programmes [21]. Figure 1 shows the 

selecti on process of the studies.
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Poten�ally relevant studies iden�fied 
and screened for retrieval n=66

Studies excluded (no cost or 
effec�veness outcomes)

n=60

Studies retrieved for more detailed evalua�on n=7

Studies excluded n=4
–  Only costs n=3
–  Only effec�veness n=1

Studies included n=3

Canvas shoes versus plastazote shoes (1)
Ambulatory care versus hospitaliza�on (1)
POD interven�ons versus ‘doing nothing’ (1)

Figure 1. Flowchart of selecti on process

Study characteristics
We included three studies. Two studies were small, single-centre randomised controlled trials. 

One trial (Seboka 1996) assessed the cost-eff ecti veness of canvas shoes compared to plastazote 

shoes in terms of cost per ulcer healed or prevented [22]. The other trial (Ravi 2004) compared the 

cost of ambulatory care to hospitalisati on in the management of neuriti s and used the number of 

days needed to return to work as primary outcome of eff ecti veness [23]. The third study (Remme 

2006) reviewed the eff ecti veness of interventi ons and calculated cost of existi ng interventi ons per 

DALY averted [24]. It was published in the second editi on of the World Bank publicati on ‘Disease 

Control Prioriti es in Developing Countries’ [25]. Table 3 summarises the general characteristi cs of 

the three studies. 

Validity assessment
For a criti cal appraisal of the studies, we answered all ten questi ons of the standard checklist [17] 

for each of the studies identi fi ed. The results of the criti cal assessment are summarised in table 4.

1. WAS A WELL DEFINED QUESTION POSED IN ANSWERABLE FORM? 

The three studies did not state explicitly the viewpoint for the analysis (e.g. a specifi c provider 

or providing insti tuti on, the pati ent or groups of pati ents, a third-party payer, or society). Seboka 

1996 implicitly referred to third-party payers (donors) with respect to long-term costs. Ravi 2004 

esti mated costs incurred by the health sector and the pati ent, and indirect costs due to lost work-

ing days, implying a societal perspecti ve for the analysis. Remme 2006 included only direct costs 

to the health system of delivering interventi ons. 
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Table 3. General characteristi cs of included studie

Study ID Seboka 1996 Ravi 2004 Remme 2006

Design Randomised controlled 
trial

Randomised controlled trial Model-based study

Randomisati on 
procedure

Randomisati on by day of 
att endance to clinic

Randomisati on by computerized 
random numbers table

Not applicable

Setti  ng Foot-care clinic near 
Sheshemane, Ethiopia

Skin and leprosy department of 
terti ary level hospital in Tamilnadu, 
India

Not applicable

Time of study November 1994 to 
November 1995

October 1999 to March 2001 Not applicable

Number of pati ents 70 26 Not applicable

Inclusion Leprosy pati ents with 
deformed and anaes-
theti c feet

Leprosy pati ents with neuriti s < 6 
month durati on due to type 1 or type 
2 reacti on

Not applicable

Male/female 28/40 (2 unknown) 23/3 Not applicable

Mean age (range) Not described
(unclear)

31 (15-49) (exp)1; 41 (19-60) (cont)2 Not applicable

Lost to follow-up 2 (cont)2 4 (2 exp, 2 cont)1 2 Not applicable

Interventi ons Experimental group 
(n=40): canvas shoes 

Experimental group (n=13): ambula-
tory care: educati on and steroid 
therapy (mean durati on 4.3 months)

Treatment for 
reacti ons and 
ulcers, footwear and 
self-care educati on, 
reconstructi ve 
surgery

Control group (n=30): 
plastazote shoes

Control group (n=13): hospitalisati on 
for 2 weeks plus steroid therapy (mean 
durati on 4.5 months)

Comparing total cost 
and benefi ts of exist-
ing interventi ons, 
starti ng from zero 

Outcomes Healing of existi ng ulcers Number of days needed to return 
to work aft er sti pulated period of 
admission or rest (2 weeks)

Cost per DALY 
averted

Preventi on of ulcerati on Mean cost per pati ent Average cost of POD 
per new leprosy 
case with disability

Acceptability of shoes Improvement in quality of life score

Durability of shoes Improvement in sensory and motor 
score

Cost-eff ecti veness of 
shoes

Timing of outcome 
assessment

One year aft er start from 
study

At the end of steroid therapy Not applicable

1 exp: experimental group; 2 cont: control group
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2. WAS A COMPREHENSIVE DESCRIPTION OF THE COMPETING ALTERNATIVES GIVEN? 

Seboka 1996 compared two types of protecti ve footwear, canvas shoes and plastazote or moulded 

shoes. Ravi 2004 assessed neuriti s management through either ambulatory care or hospitalisa-

ti on. Pati ents in the in-pati ent group were admitt ed for two weeks and were monitored in the 

ward for complicati ons of steroid therapy. Pati ents receiving ambulatory care were educated 

regarding the complicati ons of steroids and were advised rest at home for 2 weeks. Remme 2006 

reviewed several existi ng POD interventi ons, compared to doing nothing. 

Table 4. Quality of included studies

Study ID

Criteria Seboka 1996 Ravi 2004 Remme 2006 

1) Well-defi ned questi on stated? no a no a no a

2) Descripti on of alternati ves given? yes yes yes

3) Evidence of eff ecti veness established? yes yes yes

4) Relevant costs and outcomes identi fi ed? no b not sure c no d

5a) Costs measured accurately? no e yes no f

5b) Outcomes measured accurately? no yes yes

6a) Costs valued credibly? yes yes yes

6b) Outcomes valued credibly? not applicable g not applicable g not sure h

7a) Costs discounted? not applicable i not sure j yes

7b) Outcomes discounted? not applicable i not sure j yes

8) Incremental analysis performed? no no no

9) Sensiti vity analysis performed? no no no

10a) Issue of availability addressed? no no no

10b) Issue of aff ordability addressed? no no no

10c) Issue of sustainability addressed? yes no no

a no viewpoint for the analysis stated; b only cost of shoes included; c not sure whether shared costs were taken into account; 
d only direct health care cost included; e wholesale price or esti mated cost of pair of shoes; f esti mated costs based on 
limited published data and expert opinion; g outcomes in natural units; h disability weights of DALY based on consensus of 
experts, but not on pati ent’s values or preferences; i all costs and consequences occurred within one year; j not sure whether 
discounti ng was done

3. WAS THE EFFECTIVENESS OF THE PROGRAMMES OR SERVICES ESTABLISHED?

Evidence of eff ecti veness of footwear and neuriti s management came from the trials itself (Seboka 

1996 and Ravi 2004 respecti vely). Remme 2006 reviewed the literature for the eff ecti veness of 

POD interventi ons. Early case detecti on and treatment were considered as the most eff ecti ve in-

terventi ons to prevent disability in leprosy, and self-care as the main strategy to prevent worsening 

of impairments.
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4. WERE ALL THE IMPORTANT AND RELEVANT COSTS AND CONSEQUENCES FOR EACH 

ALTERNATIVE IDENTIFIED? 

Seboka 1996 included only the wholesale price for which the canvas shoes were purchased. Plast-

azote shoes were provided free-of-charge for the purpose of this study. The cost of organizing and 

operati ng the footwear service or the cost to the pati ent and family for follow-up visits was not 

measured. Ravi 2004 collected data on diff erent cost categories, covering direct medical costs (e.g. 

examinati ons, medicati on, in-pati ent care), direct non-medical costs (e.g. transport and food of 

visitors and pati ents) and indirect costs (e.g. working days and wages lost), but it was unclear as to 

whether shared costs were taken into account. Remme 2006 esti mated only the direct health care 

cost of delivering interventi ons.

Seboka 1996 used programme specifi c outcome measures of eff ecti veness (change in ulcer size, 

the acceptability, usefulness and durability of the footwear), but no generic quality of life out-

come. The occurrence of adverse eff ects was not explicitly addressed, but the study did report that 

at least one out of fi ve subjects in the plastazote group, who were initi ally ulcer-free, developed 

ulcers due to ill-fi tti  ng shoes. The primary outcome in Ravi 2004 was the number of days needed to 

return to work and this was considered a surrogate marker for eff ecti veness of treatment and well-

being of the pati ent. Secondary outcomes were: mean cost per pati ent, improvement in nerve 

functi on scores and quality of life scores. None of the pati ents reported any signifi cant adverse 

eff ects of steroid therapy. Remme 2006 used a generic outcome measure, the disability-adjusted 

life years (DALYs) and did not report on adverse eff ects.

5. WERE COSTS AND CONSEQUENCES MEASURED ACCURATELY IN APPROPRIATE PHYSI

CAL UNITS?

The costs in Seboka 1996 were straightf orward, but inaccurate; the wholesale price or esti mated 

cost of a pair of shoes. Ravi 2004 calculated costs by multi plying the quanti ti es of the resources 

used and the unit cost of each resource (e.g. cost of each examinati on, bed and nursing cost, trans-

portati on cost). Remme 2006 measured cost as cost of an interventi on per pati ent. Costs were 

esti mated from limited published cost data, programme expenditure data, and expert opinion.

Seboka 1996 measured the primary outcome in natural units; the number of ulcers healed or 

prevented. It was unclear what scale or score was used to measure acceptability and usefulness of 

the footwear. Ravi 2004 measured the primary outcome, the number of days needed to return to 

work, from the sti pulated period of rest or admission. Improvement in nerve functi on was mea-

sured as a mean score using graded nylon fi laments (score per nerve) and the Medical Research 

Council (MRC) scale (0-5 score per nerve). Quality of life was measured as a mean score using a 

questi onnaire (20 questi ons, maximum score of 106) derived from the WHO QOL Global pool of 

questi ons. Remme 2006 measured the outcome in DALYs. 
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6. WERE COSTS AND CONSEQUENCES VALUED CREDIBLY?

Seboka 1996 reported the prevailing wholesale price of a pair of canvas shoes in US dollars. Ravi 

2004 reported costs in local currency (Indian rupees) based on prevailing prices. Remme 2006 

converted cost esti mates to US dollars 2000. 

Seboka 1996 and Ravi 2004 measured the primary outcome in natural units, which does not re-

quire valuati on of benefi ts in money terms. Remme 2006 valued outcomes in DALYs. The disability 

weights used to value the durati on and severity of a parti cular disease or conditi on have been 

criti cised, because these were established by expert opinion and consensus [26]. For leprosy, a dis-

ability weight of 0.152 was given to disabling leprosy and a weight of 0.000 to a leprosy case with-

out disability [27]. These weights are likely to be underesti mated, since they will not adequately 

capture all the disability resulti ng from leprosy, such as the major psychosocial impact of leprosy 

on the lives of leprosy pati ents, regardless of having disability or not [24]. 

7. WERE COSTS AND CONSEQUENCES ADJUSTED FOR DIFFERENTIAL TIMING?

Because Seboka 1996 was a one-year trial and all the costs and consequences occurred within a 

one-year period, no discounti ng was needed. The trial of Ravi 2004 had a durati on of 1.5 years. The 

study did not report on discounti ng. In Remme 2006 discounti ng of costs was done using a 3% rate. 

The DALY incorporates a constant annual discount rate of 3% for outcomes [28]. 

8. WAS AN INCREMENTAL ANALYSIS OF COSTS AND CONSEQUENCES OF ALTERNATIVES 

PERFORMED?

Seboka 1996 and Ravi 2004 did not perform an incremental analysis. Although the canvas shoes 

and ambulatory care interventi on had lower costs and higher eff ecti veness compared to the 

plastazote shoes and hospitalisati on interventi on respecti vely, no informati on on a stati sti cally 

signifi cant diff erence between the two competi ng alternati ves was given. Remme 2006 calculated 

the average cost-eff ecti veness of existi ng interventi ons.

9. WAS ALLOWANCE MADE FOR UNCERTAINTY IN THE ESTIMATES OF COSTS AND CON

SEQUENCES?

None of the studies performed a sensiti vity analysis. 

10. DID THE PRESENTATION AND DISCUSSION OF STUDY RESULTS INCLUDE ALL ISSUES OF 

CONCERN TO USERS?

Availability: none of the studies discussed the issue of coverage and access. 

Aff ordability: none of the studies discussed whether all parti es involved would be able and willing 

to pay for POD programmes.
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Sustainability: Seboka 1996 menti oned that the cost of providing footwear to pati ents for many 

years may be costly and will require long-term commitment from donors. The other studies did 

not discuss issues of sustainability.

Quantitative data synthesis
We summarised the cost-eff ecti veness data for each study, because it was not possible to pool 

the data for calculati ng standardised esti mates of the cost per disability-adjusted life-year (DALY). 

Seboka 1996 calculated the cost-eff ecti veness of canvas shoes compared to plastazote shoes to 

prevent and heal ulcers in leprosy pati ents with deformed and anaestheti c feet. The average cost 

per ulcer healed or prevented over a one-year period was $24.4 and $44.7 respecti vely. Additi onal 

informati on about the results of the plastazote group was obtained from one of the authors. The 

average cost per ulcer healed or prevented over a one-year period was at minimum $160 and $373 

respecti vely.

Ravi 2004 calculated costs and eff ecti veness of ambulatory care compared to hospitalisati on in 

the management of neuriti s due to reacti ons in leprosy pati ents. The total mean cost per pati ent 

was approximately 7,234 rupees for ambulatory care versus 25,740 rupees for in-pati ent care. On 

average, pati ents receiving ambulatory care returned to work aft er 19.5 days, while hospitalized 

pati ents needed 66.8 days to return to work. Additi onally, the study measured quality of life, but 

results for only 17 out of 26 pati ents were available. QOL scores improved in both groups, but 

the study did not fi nd a signifi cant mean diff erence in the pre- and post-treatment QOL scores 

between the two groups.

Remme 2006 esti mated the average cost of POD for each new case of leprosy detected with dis-

ability at $44.10. The cost per DALY was calculated assuming a 25% self-cure rate, an average age 

of onset of 27, a disability weighti ng of 0.152, a life expectancy at age 25-29 of 44.75 (India data), 

and a 90% success rate. The cost per DALY for pati ents needing treatment for reacti ons and ulcers 

was esti mated at $7, for those needing footwear and self-care educati on at $75, for those needing 

reconstructi ve surgery at $110. 

DISCUSSION

Summary of main findings
Evidence for cost-eff ecti veness of POD interventi ons for leprosy is scarce. We found three studies; 

two were small, single-centre randomised controlled trials and one was a model-based review 

study. One trial found that canvas shoes were more cost-eff ecti ve than plastazote shoes in healing 

and preventi ng ulcers and the other trial showed that ambulatory care was more cost-eff ecti ve 

(lower cost and earlier return to work) compared to hospitalisati on in the management of neu-

riti s. The model-based study esti mated the cost of POD interventi ons per DALY averted between 
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$7 and $110. None of the studies met all the quality criteria for economic evaluati ons. The cost 

perspecti ve of the analysis, relevant and accurate costs, analysis of uncertainty in esti mates, and 

issues of availability, aff ordability and sustainability were inadequately reported or addressed in 

the studies. 

Generalisability 
Generalisability of the fi ndings is limited. The two trials [22,23] were conducted in a single centre 

and used prevailing or local prices to calculate costs. The economic evaluati on was carried out 

alongside a randomised controlled trial and it has been argued that economic outcomes from 

such trials may diff er signifi cantly from usual practi ce or care [17]. The model-based study [24] 

stated that costs were likely to diff er country by country and that the cost esti mates should only 

be considered indicati ve, as they were based on limited published data and expert opinion. The 

cost of preventi on of disability per new leprosy case with disability was expected to be higher than 

the esti mate due to a backlog of old leprosy cases with disability, and this cost will be infl uenced 

by the numbers of multi bacillary leprosy pati ents and the levels of disability in diff erent setti  ngs 

and countries. The cost-eff ecti veness outcomes were also likely to vary, because these were based 

on limited eff ecti veness data, and the applicati on of a disability weight of 0.152 to all pati ents may 

overesti mate the benefi ts of interventi ons. 

Issues of concern 
One of the criteria for criti cally assessing economic evaluati ons was whether studies discussed 

all issues of concern. We focussed on issues of availability, aff ordability and sustainability, since 

these are current challenges in resource-poor countries and for neglected tropical diseases. Few 

studies have addressed one of these issues. Whilst self-care appears to be an eff ecti ve, aff ordable 

and sustainable interventi on to prevent disability in leprosy or lymphati c fi lariasis, when initi ally 

taught and supervised by general health staff  [29-31], we are not aware of evidence that has docu-

mented the cost-eff ecti veness of self-care strategies. The ILA technical forum report highlighted 

the need for sustainable leprosy services through integrated general health services and provided 

basic requirements for this process, such as involvement, commitment and collaborati on of the 

diff erent stakeholders and health staff , strengthening of health systems, and careful planning [7]. 

Also, pati ents should be adequately informed about the availability of existi ng POD services [32]. 

Achieving universal coverage would require cost-eff ecti ve POD interventi ons that can be delivered 

at adequate quality levels to all who need them and for as long as needed. Strategies for going to 

scale need to consider the context or setti  ng of implementati on (e.g. skilled staff  and resources 

available, burden of disease, benefi ts to others than target group), the balance between quality 

and coverage levels, the choice of the health delivery system (e.g. general health services, disease-

specifi c programmes, community-based health workers, or mix of alternati ves), costs involved 

(e.g. strengthening health systems), and longer-term planning [9].
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Strengths of the study
This is the fi rst study that criti cally and systemati cally reviewed the existi ng literature on cost-ef-

fecti veness of interventi ons to prevent disability in leprosy. The search process was elaborate and 

to our knowledge no other studies were available for the review. We used a standard checklist to 

appraise the quality of economic evaluati ons of health care programmes and health interventi ons. 

Limitations of the study
It is possible that not all of the relevant studies have been included in this review, and that we 

failed to fi nd some unpublished ones. We contacted several experts in leprosy, but this did not 

reveal any unpublished or ongoing studies. We were not able to compare the cost-eff ecti veness of 

similar interventi ons or calculate standardised outcome esti mates, due to lack of data on costs and 

eff ecti veness outcomes. Recently, two questi onnaires on aspects of quality of life were developed 

and validated for chronically disabling conditi ons, such as leprosy, polio, spinal cord injuries and 

diabetes. One questi onnaire (SALSA) measures limitati ons in daily acti viti es [33], and the other one 

(Parti cipati on Scale) assesses perceived restricti ons in social parti cipati on [34]. These questi on-

naires may be useful in assessing and comparing the eff ects of interventi ons and programmes for 

chronic and disabling conditi ons on pati ent-perceived changes in quality of life.

In conclusion, cost-eff ecti veness analysis should play an important role in the informed debate 

about issues of availability, aff ordability and sustainability of health care programmes or health 

interventi ons for chronically disabling diseases, such as leprosy, lymphati c fi lariasis, Buruli ulcer 

and diabetes, in resource-poor countries. It is recommended that future economic evaluati on 

studies bett er defi ne the cost perspecti ve, the relevant alternati ves, costs and outcomes of POD 

interventi ons, including adverse eff ects, and potenti ally uncertain variables, and to address issues 

of availability, aff ordability and sustainability. Future studies are needed to establish the cost-

eff ecti veness of POD interventi ons and these should adhere to standard guidelines for economic 

evaluati ons. 
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Research examining interventi ons to prevent disability in leprosy has produced a considerable 

body of evidence. This has led to more insights and bett er practi ce, but also to uncertainty about 

the best available evidence for treatment, tests and recommendati ons. Also, litt le is known about 

quality of life and cost-eff ecti veness of interventi ons to prevent disability in leprosy, while these 

are highly relevant for people aff ected by leprosy and policy makers. The main objecti ve of this 

thesis was to evaluate the eff ecti veness of interventi ons to prevent disability in leprosy. In this 

chapter the research questi ons as posed in the introducti on (p.10) will be answered (secti on 10.1), 

and conclusions and recommendati ons based on the fi ndings of this thesis will be formulated 

(secti on 10.2). 

10.1 ANSWERING THE RESEARCH QUESTIONS

Question 1
How eff ecti ve are interventi ons for the preventi on of permanent disability in people aff ected by 

leprosy?

Answer
Early detecti on is generally considered to be eff ecti ve. There is no fi rm evidence of benefi t for 

corti costeroids, decompressive surgery or interventi ons for ENL.

Comment
Detecti on delay, defi ned as the ti me between the pati ent noti cing the fi rst symptoms and health 

staff  diagnosing leprosy, is a risk factor for impairment; longer delays increase the risk of present-

ing with impairment [1-4]. We examined the relati onship between delay and impairment in two 

diff erent pati ent populati ons from Bangladesh and Ethiopia and found that the relati onship be-

tween delay and impairment was not the same across pati ent populati ons; with similar reported 

delays impairment rates were much higher in Ethiopia compared to Bangladesh, especially in PB 

leprosy pati ents. We concluded that leprosy control programmes should aim at both achieving 

short delays and addressing causes of delay specifi c to a populati on. Increased delay may be due 

to inadequate knowledge and awareness of leprosy and its early symptoms, more trust in tradi-

ti onal medicine as fi rst acti on, misdiagnoses and sti gma among health care staff , poor accessibility 

to health services and diff erences in leprosy control programmes [5-8]. 

Corti costeroids (prednisolone) are the cornerstone of management in acute nerve damage in 

leprosy, but our systemati c review did not fi nd long-term eff ects of corti costeroids (chapter 5). 

Steroids have some shortcomings. First, the nerve functi on recovery rate aft er treatment with 

steroids is highly variable (33-73%) [9]. This means that a substanti al proporti on of individuals, 

especially those with older nerve damage and chronic or recurrent reacti ons, does not respond 
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successfully to steroids [10]. Second, the opti mal dose and durati on of steroid treatment has not 

been established. The World Health Organizati on (WHO) recommends a standard 12-week course 

of prednisolone for severe reacti ons, starti ng at 40 mg daily and the dose being reduced every 

two weeks, with a maximum dosage of 1 mg prednisolone per kg of body weight [11], but several 

studies indicate that prolonged steroid courses are more benefi cial since reacti ons oft en persist 

over many months [12-14]. Finally, steroid treatment may cause serious adverse events such as 

cataract, diabetes, hypertension, psychosis and pepti c ulcer, but the risk of these events were 

not seen to be higher in individuals receiving standard steroid treatment compared to pati ents 

receiving placebo treatment [15,16]. Careful monitoring and awareness of adverse eff ects remains 

important for both standard and prolonged steroid regimens. New drugs, such as azathioprine and 

ciclosporin have been tested in small trials and may be steroid-sparing alternati ves [17,18]. 

An alternati ve and frequently used treatment for nerve damage in leprosy is decompressive sur-

gery. Our systemati c review did not fi nd an added benefi t of surgery over prednisolone treatment 

(chapter 6). While only a few trials were identi fi ed, many non-randomised studies have been car-

ried out. Relief of nerve pain and tenderness is the most frequently and consistently reported 

benefi t. Nerve functi on improvement is frequently reported, but the response to surgery seems 

to depend on several factors, such as severity and durati on of neuriti s before surgery, the type of 

leprosy, the nerve involved and the surgical technique used [19-23]. 

Chapter 7 systemati cally assessed the eff ects of interventi ons for erythema nodosum leprosum 

(ENL). We found some benefi t for thalidomide and clofazimine treatment, but generally we did not 

fi nd clear benefi ts for interventi ons in the management of ENL. ENL is a complicati on known for its 

unpredictable nature, varying in severity and durati on, and although treatments may be eff ecti ve 

in controlling the acute symptoms of ENL, preventi on of recurrences is far more diffi  cult. New 

therapies, such as TNF-α anti body treatment, intravenous immunoglobulin, and tenidap, seem 

promising but need further investi gati on [24,25].

Question 2
How eff ecti ve are interventi ons in preventi ng deteriorati on of disability in leprosy?

Answer
Evidence for the eff ecti veness of interventi ons aimed at preventi ng deteriorati on of disability is 

weak and litt le is known about their cost-eff ecti veness and quality of life impact.

Comment
A systemati c review on interventi ons for skin changes caused by nerve damage found only weak 

evidence for the eff ecti veness of dressings with topical ketanserin or topical phenytoin in ulcer 
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healing and no stati sti cally signifi cant eff ect for any of the footwear tested. No RCTs assessing the 

eff ecti veness of self-care or educati onal interventi ons were identi fi ed [26]. 

Our systemati c review that assessed the cost-eff ecti veness of interventi ons to prevent disability in 

leprosy showed that cost-eff ecti veness data are scarce and generally poorly reported (chapter 9). 

In 2006, a Consensus Development Conference on preventi on of disability in chronically disabling 

conditi ons, such as leprosy, lymphati c fi lariasis, Buruli ulcer and diabetes was held and achieving 

universal coverage of self-care and footwear was identi fi ed as a priority issue [27]. Besides assess-

ing the cost-eff ecti veness of these interventi ons, it is important to examine issues of implementa-

ti on and feasibility in understanding the barriers and opportuniti es to achieving this with limited 

resources [28].

Quality of life outcome measures for leprosy disability have not yet been widely evaluated. Two 

assessment tools have been developed to measure either acti vity limitati on (SALSA) [29] or social 

parti cipati on (Parti cipati on Scale) [30]. In one of our studies we used the SALSA and Parti cipa-

ti on Scale to prospecti vely assess trends in acti vity limitati on and parti cipati on, and the eff ects of 

reconstructi ve surgery on these outcomes in individuals with hand or foot disability (chapter 8). 

We found a signifi cant reducti on in acti vity limitati on one year aft er surgery. Parti cipati on was also 

improved, but not signifi cantly. We interviewed 222 parti cipants, 15 of whom took up the off er of 

surgery and 207 who did not. The main reasons for not having surgery were: no approval of family 

or husband, fear of surgery, being adjusted to the disability and experiencing a fi nancial barrier. 

It is recommended to identi fy the need for surgery in a specifi c area or setti  ng and to address 

barriers that prevent people from having surgery. The eff ects of surgery on functi oning need to be 

further investi gated in larger studies. 

Question 3
How can programmes aimed at preventi on of disability in leprosy be improved?

Answer
Programmes can be improved by establishing a package of interventi ons based on the best avail-

able evidence. The included interventi ons should be tailored to local needs now and in the future.

Comment
Systemati c reviews showed that trials examining interventi ons to prevent disability in leprosy 

had generally small sample sizes, diff erent outcomes and interventi ons and poor methodological 

quality [26,31-33]. It was highly recommended that future studies follow the current standards for 

design and reporti ng of RCTs, such as the CONSORT statement [34,35]. The importance of good 

clinical evidence has been advocated through ‘evidence based medicine’ and its key message is 

that the best available evidence from clinical research should guide clinical practi ce in making de-
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cisions about the care of individuals [36]. This evidence does not always have to come from RCTs or 

systemati c reviews; questi ons concerning the accuracy of diagnosti c tests, the power of prognosti c 

factors, or costs and quality of life impact of interventi ons cannot or need not to be answered by 

RCTs. Someti mes it is unclear whether guidelines and recommendati ons for practi ce have been 

supported by evidence from well-conducted research, while this is essenti al for maintaining eff ec-

ti ve leprosy control [37]. 

It is important to assess the need for proper treatment and follow-up, training in self-care and 

other preventi on of disability interventi ons. In one of our studies (chapter 2) we predicted that 

there would sti ll be a substanti al number of people living with leprosy disability in the near future 

(about 0.8 to 1.1 million in 2020). This predicti on was based on three diff erent scenarios of annual 

declines in leprosy incidence (6%, 12%, 18% respecti vely) and the best available WHO data. Trends 

in prevalence and case detecti on will vary from country to country and studying changes over ti me 

is recommended to decide on interventi ons that meet the needs of a country or region.

 

Issues of availability, aff ordability and sustainability of leprosy services need to be addressed. Lep-

rosy services in the longer term will have to be integrated into general health services and through 

community-based rehabilitati on [38-40]. Successful integrati on in the community is not easy. First, 

general health services must be suffi  ciently available to meet the needs in a specifi c area and be 

accessible to people aff ected by leprosy. This asks for commitment and collaborati on of all key 

stakeholders, such as the government and health care staff  [38,41,42]. Second, general health care 

workers (GHWs) need training to understand the basics of leprosy diagnosis and treatment to 

address the specifi c needs of people aff ected by leprosy and to prevent disability [39,43]. Due to 

their many responsibiliti es and limited ti me, leprosy training for GHWs needs to be simple, easy to 

remember and eff ecti ve. We evaluated three simplifi ed tests to assess for nerve functi on impair-

ment performed by newly trained GHWs as compared to a standard test conducted by experi-

enced physiotherapists (chapter 4). We concluded that a simplifi ed version of the standard test, as 

described in the ILEP Learning Guide Two [44], is a more useful tool for GHWs than a test derived 

from an Indian dance and a self-reporti ng questi onnaire. It must be kept in mind that the main 

objecti ve of the simplifi ed tests is to screen for nerve functi on impairment in newly diagnosed 

pati ents and to refer for further assessment or treatment if necessary. A third issue is the need 

for eff ecti ve referral systems to ensure that people diagnosed with nerve damage or reacti ons are 

easily sent to experienced staff  or specialist centres, and for surveillance to monitor the number of 

newly detected cases or the number of cases with disability [39]. Finally, community-based inter-

venti ons that are tailored to local and individual needs and preferences are of utmost importance. 

Eff ecti ve community-based health educati on is needed to promote early self-reporti ng and reduce 

sti gma in the community by teaching people about the early symptoms of leprosy, the availability 

of eff ecti ve anti bioti c treatment, and to involve them in the possibiliti es for preventi on of disability 

and socio-economic rehabilitati on [40,41]. 
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10.2 CONCLUSIONS AND RECOMMENDATIONS

Conclusions
 – It is important to identi fy and address causes of detecti on delay specifi c to a populati on. 

 – A simplifi ed version of a standard test to assess for nerve functi on impairment is a useful 

diagnosti c tool for primary health care workers. 

 – There is no fi rm evidence of benefi t for corti costeroid treatment, decompressive surgery or 

interventi ons for type 2 leprosy reacti ons.

 – Cost-eff ecti veness studies and quality of life data of interventi ons to prevent disability in lep-

rosy are scarce.

Recommendations for research
It is recommended to investi gate

 – opti mal steroid regimens for treati ng nerve damage and type 1 reacti ons; 

 – which pati ents or nerves will benefi t most from decompressive surgery for treati ng nerve 

damage;

 – opti mal treatment of type 2 leprosy reacti ons, including preventi on of recurrences; 

 – the role of other therapies for nerve damage and reacti ons, either alone or in combinati on 

with existi ng treatments; 

 – whether interventi ons improve quality of life and are cost-eff ecti ve.

Recommendations for practice 
 – Policy makers should base guidelines and recommendati ons on the best available evidence. 

 – Clinicians should fi nd eff ecti ve ways for integrati ng research evidence and pati ent’s values into 

clinical practi ce.

 – Policy makers should develop strategies aimed at availability, aff ordability and sustainability of 

preventi on of disability programmes.
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Summary

This thesis addresses the eff ecti veness of interventi ons to prevent disability in people aff ected by 

leprosy and the improvement of programmes aimed at preventi on of disability.

Chapter 1 is an introducti on to leprosy in general and disability and evaluati on of interventi ons in 

parti cular. Although the global prevalence of registered leprosy pati ents receiving anti bioti c (MDT) 

treatment has fallen below 1 per 10.000, sti ll about 250,000 new leprosy cases were detected in 

2007 and an esti mated 2-3 million people who completed MDT treatment live with permanent 

physical disability due to the disease. Leprosy causes not only physical impairments, but also acti v-

ity limitati ons and restricti ons in social parti cipati on. People aff ected by leprosy oft en experience 

severe social, economic and psychological problems, such as diffi  culti es in acti viti es of daily living, 

unemployment, rejecti on of family and community, and mental distress. Preventi on of permanent 

disability and deteriorati on of disability is therefore an important overall aim of leprosy control 

programmes and includes early detecti on and assessment of nerve damage, treatment of nerve 

damage and leprosy reacti ons, reconstructi ve surgery and socio-economic rehabilitati on. Over the 

years much clinical and epidemiological research has been conducted in the fi eld of preventi on of 

disability in leprosy. This has led to more insights and bett er practi ce, but also to uncertainty about 

the best available evidence for clinical practi ce. The overall aim of this thesis was to evaluate the 

eff ects of interventi ons to prevent disability in people aff ected by leprosy and address implicati ons 

for future leprosy control programmes. The three research questi ons were:

1. How eff ecti ve are interventi ons for the preventi on of permanent disability in people aff ected 

by leprosy?

2. How eff ecti ve are interventi ons in preventi ng deteriorati on of disability in leprosy?

3. How can programmes aimed at preventi on of disability in leprosy be improved?

Chapter 2 describes three scenarios of future trends in the global prevalence of people living 

with disability due to leprosy. In all three scenarios the number of newly detected people with 

leprosy decreases much more rapidly than the number of people living with disability. In the near 

future, we can sti ll expect about one million people suff ering from disability due to leprosy who 

need proper treatment and follow-up, and training in self-care and other preventi on of disability 

interventi ons.

Chapter 3 describes the relati onship between detecti on delay and leprosy disability at the ti me 

of detecti on in two diff erent pati ent populati ons. Longer delays increased the risk of impairment, 

but the impairment rates by durati on of delay varied considerably between the two populati ons, 

especially among PB leprosy pati ents. We concluded that early detecti on is eff ecti ve in preventi ng 

disability, but that diff erences in delay and impairment across populati ons need to be identi fi ed 

and addressed. 
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Chapter 4 describes the use of three simplifi ed tests to assess for nerve functi on impairment by 

general health workers. We considered a simplifi ed version of a standard assessment as the most 

useful simplifi ed test for general health workers with limited ti me and many responsibiliti es.

Chapter 5 presents results from a systemati c review assessing the eff ects of corti costeroids for 

treati ng nerve damage and type 1 reacti ons. Two randomised controlled trials (RCTs) did not show 

a signifi cant long-term eff ect. A third trial showed signifi cant benefi t of a prolonged steroid course. 

Further RCTs are needed to establish the long-term eff ecti veness and opti mal regimens of steroids 

and to examine new therapies.

Chapter 6 presents results from a systemati c review assessing the eff ects of decompressive 

surgery for treati ng nerve damage. Two trials did not show a signifi cant added eff ect of surgery 

over steroid treatment alone. Well-designed RCTs are needed to establish the eff ecti veness of the 

combinati on of surgery and medical treatment compared to medical treatment alone. 

Chapter 7 presents results from a systemati c review assessing interventi ons for erythema nodo-

sum leprosum (ENL) or type 2 reacti ons. We found generally insuffi  cient evidence of benefi t for 

interventi ons used in the management of ENL. Larger studies using clear defi niti ons and assessing 

the eff ecti veness and opti mal regimens of standard and new treatments are urgently required. 

Chapter 8 describes the eff ects of reconstructi ve surgery on acti vity limitati on and social parti cipa-

ti on in people with hand or foot disability. Parti cipants who had surgery reported a stati sti cally 

signifi cant reducti on in acti vity limitati on and improved parti cipati on, but the number was small. 

Further needs assessment of surgery and evaluati on of surgery in terms of acti vity limitati on and 

parti cipati on in larger studies is recommended. 

Chapter 9 presents results from a systemati c review assessing the cost-eff ecti veness of interven-

ti ons to prevent disability. We found that cost-eff ecti veness data are scarce and recommended to 

investi gate which interventi ons off er value for money where resources are limited and to develop 

strategies aimed at available, aff ordable and sustainable services for leprosy. 

Chapter 10 is a general discussion of the fi ndings and provides answers to the research questi ons. 

Conclusions
 – It is important to identi fy and address causes of detecti on delay specifi c to a populati on. 

 – A simplifi ed version of a standard test to assess for nerve functi on impairment is a useful 

diagnosti c tool for primary health care workers. 

 – There is no fi rm evidence of benefi t for corti costeroid treatment, decompressive surgery or 

interventi ons for type 2 leprosy reacti ons.

 – Cost-eff ecti veness studies and quality of life data of interventi ons to prevent disability in lep-

rosy are scarce.
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Recommendations for research
It is recommended to investi gate

 – opti mal steroid regimens for treati ng nerve damage and type 1 reacti ons; 

 – which pati ents or nerves will benefi t most from decompressive surgery for treati ng nerve 

damage;

 – opti mal treatment of type 2 reacti ons, including preventi on of recurrences; 

 – the role of other therapies for nerve damage and reacti ons, either alone or in combinati on 

with existi ng treatments; 

 – whether interventi ons improve quality of life and are cost-eff ecti ve.

Recommendations for practice 
 – Policy makers should base guidelines and recommendati ons on the best available evidence. 

 – Clinicians should fi nd eff ecti ve ways for integrati ng research evidence and pati ent’s values into 

clinical practi ce.

 – Policy makers should develop strategies aimed at availability, aff ordability and sustainability of 

preventi on of disability programmes.
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Samenvatting

Dit proefschrift  gaat in op de eff ecti viteit van interventi es ter voorkoming van handicaps bij 

mensen met lepra en op het verbeteren van programma’s die zich richten op het voorkomen van 

handicaps ten gevolge van lepra.

Hoofdstuk 1 geeft  een algemeen overzicht van de ziekte lepra. Er wordt nader ingegaan op het 

begrip handicap (‘disability’) en op de evaluati e van interventi es. Lepra is een infecti eziekte en 

wordt veroorzaakt door een bacterie. Hoewel de ziekte besmett elijk is, worden de meeste mensen 

er niet ziek van. De leprabacterie heeft  een voorkeur voor de koelere delen van het lichaam en tast 

vooral de huid en de zenuwen die net onder de huid liggen aan, waardoor verlammingen optreden 

en verlies van gevoel in met name ogen, handen en voeten. Hierdoor kunnen wonden en infecti es 

ontstaan en uiteindelijk onherstelbare beschadigingen, zoals blindheid, klauwhanden en stomp-

voeten. Hoewel de prevalenti e van het aantal geregistreerde leprapati ënten wereldwijd gedaald 

is tot minder dan 1 geval per 10.000 inwoners, werden er in 2007 nog alti jd 250.000 nieuwe 

lepragevallen geregistreerd en hebben ongeveer 2-3 miljoen mensen permanente handicaps ten 

gevolge van lepra. Lepra veroorzaakt niet alleen fysieke beperkingen, maar ook belemmeringen 

in dagelijkse acti viteiten en sociale parti cipati e. Mensen met lepra ervaren vaak ernsti ge sociale, 

economische en psychische problemen, zoals werkloosheid, verstoten worden door familie en 

leefgemeenschap en depressiviteit. Een belangrijk doel van leprabestrijdingprogramma’s is dan 

ook het voorkomen van permanente handicaps of het verergeren van bestaande handicaps. 

Preventi e gebeurt door vroegti jdige opsporing en diagnose van zenuwbeschadiging, behandeling 

van zenuwbeschadiging en immunologische reacti es, plasti sche chirurgie en sociaaleconomische 

rehabilitati e. In de afgelopen decennia is veel klinisch en epidemiologisch onderzoek gedaan naar 

preventi e van de gevolgen van lepra. Dit heeft  geleid tot meer inzicht en verbeterd klinisch han-

delen, maar ook tot meer onzekerheid over wat de beste wetenschappelijke onderbouwing is 

voor de prakti jk. De algemene doelstelling van dit proefschrift  was de eff ecten van interventi es 

ter voorkoming van handicaps bij mensen met lepra te evalueren en in te gaan op de implicati es 

daarvan voor toekomsti ge leprabestrijdingprogramma’s. De drie onderzoeksvragen waren:

1. Hoe eff ecti ef zijn interventi es ter voorkoming van permanente handicaps bij mensen met 

lepra?

2. Hoe eff ecti ef zijn interventi es ter voorkoming van verergering van bestaande handicaps bij 

mensen met lepra?

3. Hoe kunnen leprabestrijdingsprogramma’s, die zich richten op preventi e van handicaps, wor-

den verbeterd?

Hoofdstuk 2 beschrijft  drie scenario’s met betrekking tot de wereldwijde prevalenti e van mensen 
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met een handicap ten gevolge van lepra. In alle drie de scenario’s nam het aantal nieuw ontdekte 

lepragevallen veel sneller af dan het aantal mensen dat leeft  met een blijvende handicap. De 

verwachti ng is dat er in de nabije toekomst ongeveer één miljoen mensen zullen zijn die leven met 

de gevolgen van lepra en die zowel adequate behandeling als controle als begeleiding bij zelfzorg 

en andere vormen van preventi e nodig hebben.

Hoofdstuk 3 beschrijft  de relati e tussen vertraagde opsporing en de aanwezigheid van handicaps 

op het moment van opsporing in twee verschillende pati ëntengroepen. Voor beide pati ënten-

groepen gold dat hoe langer het duurde voordat iemand ontdekt was met lepra, des te groter de 

de kans was dat die pati ënt al een handicap had. De twee pati ëntengroepen verschilden echter 

ten aanzien van het percentage invalide personen als gekeken werd naar hoe lang het duurde 

voordat iemand ontdekt was. Dit was met name het geval bij paucibacillaire leprapati ënten. De 

conclusie was dat, hoewel eff ecti eve preventi e begint met vroegti jdige opsporing, het goed is te 

onderzoeken waarom bij de ene pati ëntengroep meer mensen met handicaps worden ontdekt bij 

eenzelfde opsporingsduur dan bij de andere groep van pati ënten. 

Hoofdstuk 4 beschrijft  het gebruik van drie vereenvoudigde testen door medewerkers in de pri-

maire gezondheidszorg om zenuwbeschadiging bij leprapati ënten te diagnosti ceren. Voor gezond-

heidsmedewerkers die veel verschillende verantwoordelijkheden hebben en beperkte ti jd, werd 

een vereenvoudigde versie van de standaard test als meest betrouwbaar en bruikbaar gezien voor 

het opsporen van zenuwbeschadiging bij leprapati ënten.

Hoofdstuk 5 geeft  de resultaten weer van een systemati sch onderzoek naar de eff ecten van cor-

ti costeroïden voor de behandeling van zenuwbeschadiging en type 1 leprareacti es. Er werd geen 

signifi cant langetermijneff ect gevonden in twee gerandomiseerde, gecontroleerde onderzoeken 

en geen signifi cant voordeel van een verlengde steroïdenkuur in een derde gerandomiseerd, ge-

controleerd onderzoek. Er zijn meer gerandomiseerde, gecontroleerde onderzoeken nodig om de 

eff ecti viteit op lange termijn en de opti male dosis en duur van behandeling met steroïden vast 

te stellen. Er is tevens onderzoek nodig naar nieuwe behandelingsmogelijkheden voor zenuwbe-

schadiging ten gevolge van lepra. 

Hoofdstuk 6 geeft  de resultaten weer van een systemati sch onderzoek naar de eff ecten van de-

compressiechirurgie voor de behandeling van zenuwbeschadiging. Er werd geen signifi cant toege-

voegde waarde gevonden voor chirurgie vergeleken met behandeling met alleen steroïden in twee 

gerandomiseerde, gecontroleerde onderzoeken. Er zijn gerandomiseerde, gecontroleerde onder-

zoeken van goede methodologische kwaliteit nodig om de eff ecti viteit van chirurgie in combinati e 

met medicinale behandeling ten opzichte van behandeling met alleen steroïden vast te stellen. 

Hoofdstuk 7 geeft  de resultaten weer van een systemati sch onderzoek naar de eff ecten van inter-

venti es voor de behandeling van erythema nodosum leprosum (ENL) of type 2 leprareacti es. Over 

het algemeen werd er onvoldoende wetenschappelijke onderbouwing gevonden voor interventi es 

voor ENL. Er zijn grotere en helder gedefi nieerde studies nodig die de eff ecti viteit en opti male 

dosis en duur van behandeling van standaard- en nieuwe behandelingsmogelijkheden evalueren. 
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Hoofdstuk 8 beschrijft  de eff ecten van plasti sche chirurgie op beperkingen bij dagelijkse acti -

viteiten en sociale parti cipati e van mensen met fysieke problemen ten gevolge van lepra. Deelne-

mende personen die chirurgisch behandeld waren, rapporteerden een signifi cante verbetering 

in dagelijkse acti viteiten en niet-signifi cant verbeterde sociale parti cipati e, maar hun aantal was 

te klein om defi niti eve conclusies te trekken. Er is meer onderzoek nodig naar de behoeft e aan 

chirurgie onder mensen met een behandelbare handicap en grootschaliger onderzoek naar de 

eff ecten van chirurgie op dagelijkse acti viteiten en sociale parti cipati e. 

Hoofdstuk 9 geeft  de resultaten weer van een systemati sch onderzoek naar de kosteneff ecti vi-

teit van interventi es ter voorkoming van handicaps. Er werden weinig data gevonden. Het is van 

belang te onderzoeken welke interventi es kosteneff ecti ef zijn en strategieën te ontwikkelen die 

gericht zijn op toegankelijke, betaalbare en duurzame leprazorg. 

In hoofdstuk 10 worden de bevindingen bediscussieerd en worden de onderzoeksvragen beant-

woord. 

Conclusies
 – Het is belangrijk te onderzoeken wat populati especifi eke oorzaken zijn van vertragingen in 

opsporing van leprapati ënten. 

 – Een vereenvoudigde versie van de standaardtest om zenuwbeschadiging op te sporen is een 

bruikbare diagnosti sche test voor medewerkers in de primaire gezondheidszorg. 

 – Er is geen stevige wetenschappelijke onderbouwing voor een signifi cant gunsti g eff ect van 

behandeling met corti costeroïden, decompressiechirurgie of behandeling voor type 2 lepra-

reacti es.

 – Er is tot nu toe weinig onderzoek gedaan naar de kosteneff ecti viteit en kwaliteit van leven van 

interventi es ter voorkoming van handicaps door lepra. 

Aanbevelingen voor onderzoek
Het is aan te bevelen onderzoek te doen naar:

 – de opti male dosis en duur van behandeling met corti costeroïden voor de behandeling van 

zenuwbeschadiging en type 1 reacti es; 

 – welke pati ënten of type zenuwen het meeste voordeel hebben van decompressiechirurgie 

voor de behandeling van zenuwbeschadiging;

 – de opti male behandeling voor type 2 reacti es, inclusief preventi e van recidiverende reacti es; 

 – de rol van nieuwe behandelingsmogelijkheden voor zenuwbeschadiging en reacti es, op zich-

zelf staand of in combinati e met bestaande behandelingen; 

 – de verbetering van de kwaliteit van leven en de kosteneff ecti viteit van interventi es.
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Aanbevelingen voor de praktijk
 – Beleidsmakers dienen richtlijnen en aanbevelingen te baseren op de best beschikbare weten-

schappelijke onderbouwing. 

 – Professionals in de gezondheidszorg dienen eff ecti eve manieren te vinden om zowel weten-

schappelijke onderbouwing als pati ëntenvoorkeuren te integreren in de dagelijkse prakti jk.

 – Beleidsmakers dienen strategieën te ontwikkelen die gericht zijn op toegankelijkheid, be-

taalbaarheid en duurzaamheid van programma’s voor de preventi e van handicaps ten gevolge 

van lepra. 
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