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Electromyography function, disability degree, and pain in leprosy 
patients undergoing neural mobilization treatment

ABSTRACT
Introduction: This study aimed to evaluate the effect of the neural mobilization technique on 
electromyography function, disability degree, and pain in patients with leprosy. Methods: A 
sample of 56 individuals with leprosy was randomized into an experimental group, composed 
of 29 individuals undergoing treatment with neural mobilization, and a control group of 
27 individuals who underwent conventional treatment. In both groups, the lesions in the 
lower limbs were treated. In the treatment with neural mobilization, the procedure used was 
mobilization of the lumbosacral roots and sciatic nerve biased to the peroneal nerve that 
innervates the anterior tibial muscle, which was evaluated in the electromyography. Results: 
Analysis of the electromyography function showed a significant increase (p<0.05) in the 
experimental group in both the right (Δ%=22.1, p=0.013) and the left anterior tibial muscles 
(Δ%=27.7, p=0.009), compared with the control group pre- and post-test. Analysis of the 
strength both in the movement of horizontal extension (Δ%right=11.7, p=0.003/Δ%left=27.4, 
p=0.002) and in the movement of back flexion (Δ%right=31.1; p=0.000/Δ%left=34.7, 
p=0.000) showed a significant increase (p<0.05) in both the right and the left segments when 
comparing the experimental group pre- and post-test. The experimental group showed a 
significant reduction (p=0.000) in pain perception and disability degree when the pre- and post-
test were compared and when compared with the control group in the post-test. Conclusions: 
Leprosy patients undergoing the technique of neural mobilization had an improvement in 
electromyography function and muscle strength, reducing disability degree and pain.
Keywords: Neural mobilization. Electromyography. Disability degree. Pain. Leprosy.

RESUMO
Introdução: Este estudo tem como objetivo avaliar o efeito da técnica de mobilização neural 
sobre a função eletromiográfica, grau de incapacidade e dor em portadores de hanseníase. 
Métodos: A amostra de 56 indivíduos portadores de hanseníase foi randomizada em: grupo 
experimental composto por 29 indivíduos submetidos ao tratamento com mobilização neural 
e grupo controle composto por 27 indivíduos submetidos ao tratamento convencional. Em 
ambos os grupos, foram tratadas as lesões nos membros inferiores. No tratamento com 
mobilização neural, o procedimento utilizado foi a mobilização das raízes lombossacrais 
e do nervo isquiático com viés para o nervo fibular, que inerva o músculo tibial anterior, 
o qual foi avaliado na eletromiografia. Resultados: Ao analisar a função eletromiográfica, 
observou-se aumento significativo (p<0,05) no grupo experimental em ambos os músculos 
tibiais anteriores, direito (∆%=22,1; p=0,01) e esquerdo (∆%=27,7; p=0,009), comparado 
ao grupo controle no pré e pós teste. Ao analisar a força no movimento de extensão horizontal 
(∆%dir=11,7; p=0,003/∆% esq=27,4; p=0,002) e no movimento de dorso flexão (∆% 
dir=31,1; p=0,000/∆% esq=34,7; p=0,000), observou-se aumento significativo (p<0,05) em 
ambos os segmentos direito e esquerdo ao comparar o grupo experimental no pré e pós teste. O 
grupo experimental apresentou redução significativa (p=0,000) na percepção de dor e no grau 
de incapacidade ao comparar o pré e pós teste e na comparação com o grupo controle no pós 
teste. Conclusões: Pacientes submetidos à técnica de mobilização neural obtiveram melhora na 
função eletromiográfica e nos níveis de força muscular reduzindo o grau de incapacidade e dor.
Palavras-chaves: Mobilização neural. Eletromiografia. Grau de incapacidade. Dor. Hanseníase.
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Função eletromiográfica, grau de incapacidade e de dor em portadores de hanseníase 
submetidos à mobilização neural

Leprosy is an infectious and curable disease 
caused by the Hansen's bacillus, which has high 
infectivity and low pathogenicity, and this bacterium 
is responsible for the high immunogenic potential of 
this crippling disease1. The chronic granulomatous 
infection associated with leprosy primarily affects the 
skin and peripheral nerves; moreover, it is typically 
transmitted by the upper airways from person to 
person in a society where bacilliferous patients live 
without treatment2.

A common feature of the pathogenesis of leprosy 
is inflammation (in and around the nerve), which 
is driven in part by the immune responses in each 
area of the immunologic spectrum of leprosy; on the 
other hand, inflammation can also arise due to non-
specific inflammatory-related phenomena associated 
with inflammation, infection, and foreign bodies3. 
The mechanisms associated with inflammation still 
require further studies to be better understood, since 
the intercellular (and perhaps intracellular) oedema in 
the nerve trunk can lead to the compression of nerve 
fibres and, most likely, blood vessels, which can lead 
to ischaemia and further damage4.

Leprosy is a neurological condition that affects 
the peripheral nerves, reaching from the endings in 
the dermis to the nerve trunks, as a clinically mixed 
neuropathy; as a result, the sensitive nerve fibres, both 
motor and autonomic, are compromised, leading 
to altered sensitivity of thermal, painful, and tactile 
stimuli5.

Electromyography (EMG) has been widely used 
in the evaluation of leprosy because the technique 
allows observation of overall muscle activity during 
specific activities and enables the quantification 
of the signal, which is often desirable to describe 
and compare the changes in the magnitude and 
pattern of the muscle response6. Moreover, the EMG 
examination has greater sensitivity and specificity for 
investigating the location and distribution of the neural 
pathways that act as the mode of nerve fibres involved 
and for identifying the neuropathological features7.
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METHODS
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Electromyography evaluation was used in a study by 
Correa et al.8 to identify the extent of peripheral involvement in 
patients with neuroschistosomiasis, even in patients in whom 
peripheral involvement was absent from the initial clinical 
neurological examination. The aim of the EMG evaluation was to 
describe the aspects of the initial EMG of neuroschistosomiasis 
patients and to compare the results with the data of motor 
development. Mahumud et al.9 used EMG to evaluate the relationship 
between the adverse neural tension and the electrophysiological 
involvement of the median nerve in patients with symptoms of 
carpal tunnel syndrome who underwent nerve conduction studies.

The technique of neural mobilization, also known as 
neurodynamics, is widely applied in clinical practice for the 
diagnosis and treatment of lesions of the peripheral nervous system 
and structures innervated by the peripheral nervous system; more 
specifically, this technique is characterized by the clinical application 
of the mechanics and physiology of the nervous system integrated 
with skeletal muscle function10.

The neural mobilization technique has been used as a resource 
for the differential diagnosis and treatment of plantar fasciitis 
in patients with neurogenic changes in the biomechanics of the 
feet11. Additionally, it has been used for the differential diagnosis of 
symptoms of the hand, especially in neurogenic disorders such as 
carpal tunnel syndrome and other diseases12.

For leprosy, the compression and entrapment of the swollen nerve 
(that is, the nerve hit by the bacillus that causes its degeneration) by 
neighbouring anatomic structures presents an inflammatory process 
that affects the surrounding tissues and results in characteristics of 
compression syndromes (impaired movement and mobility, loss of 
strength, paresthesias, and pain). This presents another aggravating 
factor of an extrinsic nature that should be considered in the 
mechanisms of peripheral nerve damage, especially for the neuritis 
of the leprosy reactions7. 

As a result, the neural mobilization technique is presented as 
a non-pharmacological treatment option to reduce the degree of 
disability and pain and to promote an improved quality of life in 
people with leprosy. At the end of 2009 in Brazil, the prevalence 
of leprosy was 1.99 cases/10,000 inhabitants (38,179 cases under 
treatment), and the detection rate of new cases was 1.96 cases/10,000 
inhabitants. Despite the reduction in prevalence from 19.54 to 1.99 
patients per 10,000 population during the period between 1990 and 
2009, leprosy remains a public health problem in Brazil13. Leprosy is 
still present throughout the tropics and subtropics14. According to 
the World Health Organization (WHO), Brazil is among the most 
endemic countries for Hansen’s disease in the world, with 37,610 
new cases in 200915-16; consequently, the actions for elimination, 
problem solving, and continuous monitoring must be accelerated 
and intensified13. For the elimination of leprosy, as proposed by the 
WHO, it is important to redefine the activities for controlling the 
disease17. The current strategy for controlling leprosy in Brazil is based 
on early case detection and treatment of all cases with multidrug 
therapy (MDT)18.

Therefore, this study aimed to evaluate the effect of the neural 
mobilization technique on electromyography function, degree of 
disability, and pain in patients with leprosy.

The research was quasi-experimental in design. The study sample 
was composed of leprosy patients treated by the Brazilian Unified 
Health System (SUS), in the City of Teresina, PI. The sample was 
selected in a non-probability random manner. The inclusion criteria 
were the following: all leprosy patients with lesions of the common 
peroneal nerve, patients with weakness in the anterior tibial muscle, 
patients treated or in treatment with MDT, patients with Grades I 
and/or II who had access to the physiotherapy services of the Center 
Mary Immaculate Linnaeus and the Araújo Hospital, and patients 
who were residents of Teresina, PI, or Timon, MA.

The sample size was calculated based on the number of leprosy 
patients with lesions of the lower limbs who had access to both 
physical therapy services (the Center Mary Immaculate Linnaeus 
and the Araújo Hospital) during the year 2007 (31 total), with a 
predicted error of 0.05. The result was approximately 29 patients. 

The sample of 56 individuals with leprosy was randomized 
into two groups: an experimental group, the neural mobilization 
group (NMG), composed of 29 individuals undergoing treatment 
with neural mobilization, and a control group (CG) composed 
of 27 individuals who underwent conventional treatment. The 
randomization was performed by generating the allocation sequence 
using the computer program GraphPad StatMate 1.0. Following 
randomization, the sequence numbers were kept in opaque 
envelopes, which were not closed, and the patients who passed the 
initial assessments were allocated to one of the groups.

Data collection was performed in three phases: a) diagnostic 
evaluation by assessing the degree of disability, the electromyography 
signal, and the perception of pain; b) intervention; and c) summative 
evaluation.

The assessment of the degree of disability (a) was based on 
the protocol of the Simplified Evaluation of Neural Function and 
Complications standardized by the Ministry of Health of Brazil19; 
the assessment was used to determine the degree of disability of 
an individual using the signs and symptoms from an assessment of 
the feet, their ability to adapt to different types of footwear, and the 
other necessary measures to prevent disabilities and deformities. The 
classification ranged from 0 to 2. Grade 0 indicated no functional 
disability and the patient may have a protective sensation present 
throughout the plantar surface. Grade 1 indicated the loss of the 
protective sensation on the plantar surface. Grade 2 indicated the 
loss of the protective sensation on the plantar surface with other 
complications, ulcers and traumatic injuries, claws, foot drop, 
absorption, or contracture of the ankle19.

This evaluation was performed by collecting personal data from 
the patient, by examining the main areas affected by Hansen's bacillus, 
such as the face (nose and eyes) and the upper and lower limbs, 
by palpating the peripheral nerves of each segment, and by doing 
strength tests of the respective innervated muscle. In addition, the 
evaluation included inspection (to check for wounds, resorption, or 
the presence of mobile and rigid claws) and sensory evaluation of 
the hands and feet through the monofilament Semmes-Weinstein 
(aesthesiometer) on specific points of each member when compared 
with the contra-lateral side, with the patient’s eyes closed, to report 
any sensations.



85

Rev Soc Bras Med Trop 45(1):83-88, jan-fev, 2012

RESULTS

The electromyography signal of the anterior tibial muscle (a) was 
evaluated using surface electrodes on the belly of the muscle. The 
placement of the electrodes followed those suggested by SENIAM 
(surface EMG for a non-invasive assessment of muscles)20, where the 
location of the electrode was shaved prior to clean-up abrasion with 
cotton soaked in alcohol and was subsequently marked (with pen)21. 
For the acquisition of the EMG data, the electromyography Miotool 
400®, manufactured by Miotec Biomedical Equipment (Brazil), 
composed of a 4-channel system with a sampling frequency of 2000 
Hz per channel, filter, raw and active sensors, was used.

For the assessment of pain (a), the visual analogue scale, a 
one-dimensional scale that assesses only one dimension of the pain 
experience, was used. This scale is simple, sensitive, and reproducible, 
allowing the continuous analysis of pain; for this scale, the range is a 
non-numerical straight line from no pain to the worst pain imaginable 
in the extreme22.

The intervention (b) consisted of eighteen assessments (six 
weeks) with a frequency of three times per week for both groups. 
The NMG began with the neurodynamic fibular test (NFT), which 
indicated the conditions that were affecting the front lateral leg and 
dorsal areas of the foot, and their movements consisted of plantar 
flexion/inversion of the ankle, foot, and toes, followed by raising 
the leg straight10.

The researcher kept the patient with hip extension and knee 
extension, as well as plantar flexion and inversion, and raised the 
patient’s leg until the patient mentioned any symptoms of discomfort 
(pain, numbness, etc.); once this occurred, the test was positive. 
The extent and strength applied in the examination and treatment 
was conducted safely to minimize the risk of exacerbation of the 
symptoms or worsening of the disorders23. The range of motion 
(ROM) followed the parameters of the degrees of Maittland24, where 
degree II indicated the movement had great ROM, was free of tension 
or spasm, and did not cause pain.

Mobilization was performed in the lumbosacral roots, with the 
patient in a supine position, with legs crossed, the hip and knee bent 
at 90 degrees, and the leg-side mobilized by lying down; subsequently, 
the researcher held both legs, causing an oscillation in the back using 
the lower limbs as leverage, similar to the second protocol of Butler23. 
This has been demonstrated for ten to thirty oscillations per minute 
for three series10.

In addition, slider mobilization was used for the sciatic nerve 
biased to the peroneal nerve. This mobilization consisted of 
oscillatory movements of hip extension and knee extension, while 
maintaining the plantar flexion with inversion movement, as used in 
the NFT10. For this mobilization, the ROM was always in degree II25 
to avoid stressful movements that may irritate the nervous system23,25. 
Both techniques were performed in three sets of thirty oscillating 
movements per minute.

To control the intensity of effort applied during the neural 
mobilization, the Perceived Exertion Scale-Perflex was used26. The 
NMG performed the intervention with a subjective perception of 
intensity of effort that reached forcing, between level 61 and 80 of the 
Perflex. The average perceptions were 67.5±7.3, which characterized 
the neural mobilization as a maximum of the flexible exercises 
(flexibilizing).

Physical therapy in the control group was conventional, held in 
rehabilitation centres with flexibilizing and strengthening with the 

use of ankle exercisers or electrotherapy, such as functional electrical 
stimulation. The therapy was performed three times per week, and 
in addition to exercise, both flexibilizing and resistance were to be 
performed at home. After that, we had a (c) summative evaluation 
with the same variables and protocols.

The data were processed using SPSS 14.0 for Windows and are 
presented as mean, median, standard deviation, and minimum and 
maximum values. The normality and homogeneity of variance were 
verified through the Shapiro-Wilk and Levene tests, respectively. For 
the intra-group comparisons of the EMG variable, Student’s t-test 
was used for dependent samples; for comparisons between groups, 
analysis of variance with repeated measures and multivariate analysis 
were used, both followed by the post hoc Scheffé test to identify 
possible differences. For the variables of strength, pain, and degree 
of disability, which have ordinal scales, we applied the Wilcoxon test 
for intra-group comparisons and the Kruskal-Wallis test followed 
by the Mann-Whitney test for the different groups. To analyse the 
frequency of the sensitivity variable, which has a nominal scale, we 
used the McNemar test for intra-group comparisons and the Chi-
squared test for intergroup comparisons. The study considered a 
value of p<0.05 for statistical significance.

Ethical considerations

This research was performed in accordance with the Ethical 
Guidelines for Biomedical Research Involving Human Beings as 
stated in the principles in the Declaration of Helsinki27.  The research 
project was also approved by the Ethics Committee of the State 
University of Piauí (UESP), Brazil, under the Protocol 120/2008.

It was observed that prior to intervention, the NMG and 
the CG had no significant difference between them (p<0.05) in 
electromyography function and pain perception. The disability 
degree in both the NMG and the CG showed a median of 2.0.

After the intervention, we observed the analysis of variations in 
the pre- and post-tests in each of the groups studied in relation to the 
variables. Figure 1 presents the data of the electromyography signal 
in the experimental group and the control group.

In the analysis of the electromyography signal, there was a 
significant increase (p<0.05) in the NMG in both the right segment 
(Δ%=22.1, p=0.013) and left segment (Δ%=27.7, p=0.009) 
compared with the CG before and after testing. However, when 
the NMG was compared with the CG in the post-test, a significant 
difference was observed between the groups (p=0.006).

Figures 2 and 3 present the force data for the movements 
of horizontal extension and dorsal flexion, respectively, in the 
experimental group and the control group.

When the strength both in the movement of horizontal extension 
(Δ% right=11.7, p=0.003/Δ% left=27.4, p=0.002) and in the 
movement of back flexion (Δ% right=31.1; p=0.000/Δ% left=34.7, 
p=0.000) was analyzed, there was a significant increase (p<0.05) 
in both the right and the left segments compared with the NMG 
in the pre- and post-tests. When the NMG was compared with the 
CG in the post-test, there was also a significant difference between 
the groups (p=0.000).

Figure 4 presents the pain data for the experimental group and 
the control group. When comparisons were made between the pre- 
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FIGURE 1 - Analysis of the electromyography signal in different groups.
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FIGURE 2 - Horizontal extension strength.
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and post-test and between the CG and NMG post-tests, the NMG 
decreased significantly (p<0.05) in pain perception.

Figure 5 presents data on the degree of disability in the 
experimental group and the control group. By comparing the pre- 
and post-test and comparing the CG and NMG post-tests, it was 
observed that the NMG decreased significantly (p<0.05) in the 
degree of disability.

FIGURE 3 - Back flexion strength.
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FIGURE 4 - Pain analysis by the visual analogue scale.
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FIGURE 5 - Analysis of disabilty degree.
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DISCUSSION

The significant reduction in the electromyography signal in both 
groups and segments in the post-test confirms that both the treatment 
and the mobilization in conventional physical therapy aid in the 
functional improvement of leprosy patients. This is consistent with 
the study of Mora-Brambila et al.28, who determined the frequencies 
of the blink reflex, H-reflex, and motor and sensory nerve conduction 
alterations in 25 heterogeneous, clinic patients with lepromatous 
leprosy and a control group of 20 healthy subjects. Their results 
showed a decrease in the motor and sensory nerve conduction in 
40% and 30% of patients, respectively.

Brakel et al.29 compared the different methods of detecting 
peripheral neuropathy in leprosy and studied the validity of the 
monofilament test and the voluntary muscle test (VMT) as the 
standard tests of nerve function to evaluate electrophysiological 
response. They found a concordance between the VMT results and 
the motor nerve conduction, which was found to be beneficial for the 
ulnar nerve, but very few median or peroneal nerves with abnormal 
conduction had an abnormal VMT. The NMG in the present study 
showed an improvement in the nerve function.

Cross30 emphasized the domain of prevention of disability and 
concluded that the preservation of peripheral nerve function is 
primarily dependent on early detection; as a result of challenges that 
may compromise the peripheral nerve function, it is suggested that 
a sharper focus be given to the interventions that prevent secondary 
disabilities. The paradox of these pragmatic and simple interventions 
is that they are often difficult to implement.

It is important to note that the electrophysiological assessments 
have identified household contacts of leprosy patients who have 
impaired nerve conduction and autonomic nerve function but no 
clinical symptoms. Novel techniques such as nerve imaging should be 
utilized in these studies, although the application of such technology 
for leprosy is still in the developmental stage4.

The presence of muscle atrophy in leprosy has three grades: 
strong, weak, and paralysed4. The lower motor neuron involvement 
manifests as weakness, atrophy, cramps, and fasciculations. Stiffness 
and slowness of movement are common manifestations of upper 
motor neuron involvement31.

The fact that muscle strength increased in both segments in 
the NMG after the treatment demonstrates the effectiveness of the 
technology used to maintain and increase muscle strength, whereas 
muscle atrophy is the first sign of a severe impairment of the ulnar 
nerve32. However, Suresh et al.33 evaluated the hand muscle weakness 
detected through dynamometry as an indicator for the changes in 
motor nerve function detected by voluntary muscle testing of the 
ulnar and median nerves. They recommended that dynamometry 
be used as an additional method to monitor the changes in nerve 
function in leprosy, particularly in subjects with early motor 
impairment of the ulnar nerve.

Neuritis is considered an important factor in the induction of 
impairments of leprosy, and it is defined as the presence of pain in 
a peripheral nerve trunk15. The reduction in the perception of pain 
in the patients undergoing the treatment of neural mobilization in 
this study indicates an improvement in painful episodes that are 
characteristic of leprosy.

Van der Heide et al.34 found an association between the onset of 
pain and the onset of trapeziums muscle activity in all painful trials. 
However, muscle activity was also present in the subjects with no pain.

Afonso Junior35 reported that 54% of respondents had some 
type of pain. However, Andrade et al.36, in their research on the 
medicinal use of fishery resources by the residents of São Félix, State 
of Bahia, described a compound produced by marine organisms 
called tetrodotoxin, which is a water-soluble compound that, when 
diluted, acts as an extraordinary and narcotic analgesic. Moreover, 
this compound is found in the liver and reproductive organs of the 
puffer fish37, which are used in Japan for the treatment of neurogenic 
pain in leprosy and cancer patients38.

The degree of disability was significantly reduced in the NMG, 
which is in agreement with a study by Goulart and colleagues39. In 
that study, the objective indicators that apply to the epidemiological 
analysis and operational control program of leprosy in Western 
Sanitary District, Uberlândia-MG, were used to evaluate the 
physical disabilities of patients as a measure of program quality 
and estimated prevalence. We analysed the records of 138 leprosy 
patients diagnosed in the Health Center of the Federal University 
of Uberlandia (CSE-UFU) from January 1995 to July 2000. At the 
time of diagnosis, 24% of the patients had some degree of disability, 
including grade I, which indicates late diagnosis. At discharge, 68% of 
the patients who started treatment at grade 0 stayed at grade 0; among 
those who started at Grade I, 61.5% maintained their condition, 
23.1% improved to Grade 0, and 15.4% had no record.

A study conducted by Lana et al.40 from 1992 to 1997 considered 
the epidemiological situation of leprosy in Belo Horizonte using 
the analysis of epidemiological and operational indicators, with an 
emphasis on early diagnosis of disease. They reported 1,217 cases 
of leprosy, where the detection rates were considered high in the 
period 1992/1994 and in the middle in 1995/1997. There was a 
low detection rate for the clinical forms of non-contagious leprosy 
(15.6%), including the indeterminate (3.9%) stage of the disease, 
with a clear predominance of the infectious forms (84.4%). It was 
observed that 5.6% of the cases focused on children under 15, and 
only 39.7% of cases were diagnosed within 12 months after the first 
signs of the disease, thus explaining the high percentage of patients 
diagnosed with the presence of disability at levels 2 and 3 (10.6%). 
The present study included patients with disability Grades of 1 and 2 
pre-treatment, and the group that underwent the neural mobilization 
technique achieved a significant improvement to Grade 1.

Pimentel et al.41 conducted a study to determine whether the 
presence of thickened peripheral nerves and/or pain at diagnosis 
correlates with the occurrence of disabilities in the initial examination 
and with the subsequent development of neuritis in multibacillary 
patients during and after MDT; the study included 103 patients with 
multibacillary leprosy. Detection of the peripheral nerves at diagnosis 
correlated statistically (p<0.005) with the occurrence of disabilities 
and the development of neuritis during and after MDT in the follow-
up (average follow-up time of 64.6 months from diagnosis). Thus, a 
good examination of the peripheral nerves at diagnosis is necessary, 
both for greater attention to the disability already present and with 
respect to the prevention of further disabilities.

In conclusion, it can be stated that the leprosy patients who 
underwent a mobilization treatment had improvements in neural 
function and electromyography levels of muscular strength and 
reductions in the degree of disability and pain.

Rev Soc Bras Med Trop 45(1):83-88, jan-fev, 2012
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Leprosy is one of the major causes of preventable disability, 
including impairments, problems in activities of daily living, and 
social exclusion resulting from stigma. Programs and services dealing 
with leprosy need to improve the coverage of services and procedures 
for the prevention and rehabilitation of this disease.
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