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Semmes-Weinstein monofilament: A tool to quantify skin 
sensation in macular lesions for leprosy diagnosis
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Abstract
Introduction: Hypochromatic macules with altered sensitivity are the first manifestations of skin leprosy. Validation of this sensory loss 
assists in the confirmation of the clinical diagnosis.
Aims: The aim of the study was to quantify the loss of sensation in leprosy lesions using the Semmes-Weinstein monofilament to 
strengthen the clinical diagnosis mainly of macular forms.
Methods: Seventy-four hypochromatic macules in the macular leprosy subgroup, 27 typical borderline leprosy subgroup lesions and 49 
macules of other macular dermatoses (non-leprosy group) were evaluated using the 0.05 g force Semmes-Weinstein monofilament to quantify 
the alteration of sensitivity within and outside of the lesions. The esthesiometric change index was established as the total number of points 
with altered sensation divided by the total number of tested points within the lesions to calculate the internal esthesiometric change index and 
outside the lesions to calculate the peripheral esthesiometric change index; these indexes were calculated for all groups. The difference (Δ) 
between the esthesiometric change indices of the lesional area and the adjacent skin was calculated for the leprosy and nonleprosy groups.
Results: The percentage of points with touch sensitivity alterations within the macular and typical borderline leprosy lesions was higher 
in leprosy than in the non-leprosy group. The borderline and macular leprosy presented higher esthesiometric change index within injured 
areas than outside injured areas or in the nonleprosy group (P < 0.005). When internal esthesiometric change index values in the macular 
and borderline leprosy groups were higher than 0.53 and 0.5, respectively, the receiver operating characteristic curve showed 98% sensitivity 
and approximately 99% specificity for both groups (P < 0.0001). Regarding the difference between indices, borderline and macular leprosy 
had values that were higher and closer to one than in the nonleprosy group (P < 0.0001), with 100% sensitivity and 96.5% specificity for 
leprosy diagnosis when ΔLG was higher than 0.34. A limitation was the inability to perform a double-blind study.
Conclusion: Semmes-Weinstein esthesiometry is a simple, useful and low-cost tool to quantify the focal alteration of cutaneous sensitivity 
to improve clinical leprosy diagnosis, especially for macular lesions.
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Plain Language Summary
Leprosy is an infectious disease of skin and nerves. This study was carried out in Brazil, a country in which this infection is 
native. The authors proposed to use the Semmes-Weinstein monofilaments to characterize and measure the loss of sensation 
in skin lesions to strengthen the diagnosis of leprosy, particularly in those forms of the disease where the patches are almost 
imperceptible on the skin. Seventy four light coloured small patches were applied force by monofilaments to assess the alteration 
of sensitivity within and outside the spots. Almost all the tested points in leprosy patients showed altered touch sensation inside 
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Introduction
The earliest presentation of cutaneous leprosy is often 
characterized by hypochromatic macules with loss of sensation 
and anhidrosis, and these manifestations represent multiple 
mononeuropathies.1,2 Although macular presentations have 
been described mainly in indeterminate form, these kinds of 
lesions can be found in all forms of leprosy.3,4 In addition, 
95% of macular leprosy patients display one or more enlarged 
nerves, indicating that macular cutaneous manifestations do 
not occur only in early leprosy cases.4

To understand the pathogenesis of changes in touch 
sensitivity in patients with in leprosy, we should consider the 
evolution of the disease, facilitated by the binding and entry 
of Mycobacterium leprae into Schwann cells, proliferation 
of bacilli within the nerve, and progression to an immune 
response leading to nerve damage and inflammation.5 The 
impairment in touch sensitivity in leprosy skin lesions 
usually occurs concomitantly with hypochromia. During skin 
stress, substance P is released from sensory nerves present in 
the upper dermal nerve plexus, innervating the epidermis,6,7 
accelerating melanogenesis and increasing melanin 
production. Thus, the destruction of peripheral neural fibers 
by M. leprae may be a causal factor for hypochromia.4

Assessments of skin sensitivity (thermal, tactile and pain 
sensations) in circumscribed areas (focal impairment) are 
important for clinicians to identify early peripheral nerve 
disorders in leprosy diagnosis. These changes often precede 
cutaneous manifestations and are characteristic of leprosy. 
All classic skin leprosy lesions are always accompanied by 
neurological impairment.8

These changes in sensation are evaluated and followed up 
semiquantitatively through esthesiometry using the Semmes-
Weinstein monofilaments.2 The thinnest Semmes-Weinstein 
monofilament has a standard perceived weight of 0.05 g and is 
felt on most normal exposed skin areas of a healthy person.9,10

At present, clinical leprosy diagnosis has become a major 
challenge, mainly in the case of macular forms, because of 
the difficulties inherent in detecting the damage of cutaneous 
nerve endings using tools with different sizes and weights 
that give us only qualitative and doubtful data, besides 
being dependent on examiner expertise. To reduce errors 
and increase the relevance of the sensitivity test and to be 
able to document it visually through drawings and photos, 
we proposed the use of one standard device with known 
size and weight (0.05 g Semmes-Weinstein monofilament) 
to objectively quantify the use of esthesiometry for leprosy 

diagnosis by determining the sensitivity changes in macular 
skin lesions characterized by focal sensory impairment 
surrounded by skin with normal sensitivity (“island pattern”).

Methods
Study group characteristics
At the Dermatology and the Leprosy Outpatient Clinic of Clinics 
Hospital of Ribeirão Preto Medical School of the University 
of São Paulo, 46 new leprosy patients (3 indeterminate and 
43 borderline clinical forms) were selected for inclusion in 
the macular leprosy subgroup three indeterminate and 43 
borderline clinical forms; these patients’ skin manifestations 
were exclusively hypochromatic patches and were evaluated 
before starting multidrug therapy. In addition, 11 borderline 
leprosy patients presenting typical plaque lesions were 
selected for inclusion in the borderline leprosy subgroup. In the 
pleomorphic skin presentation of borderline leprosy, developed 
cutaneous lesions have the characteristics of annular plaques 
with sharp inner margins and sloping outer margins, and large 
plaques with a middle region of clinically normal skin within 
the plaques give rise to an annular or foveolar (honeycomb) 
appearance.11 The non-leprosy group comprised 21 vitiligo 
patients and nine progressive macular hypomelanosis patients. 
Although the difficulty of diagnosing of achromatic lesions in 
vitiligo is minimal, especially in people with brown skin, we 
included these diseases as controls with exclusively macular 
changes to compare with macular leprosy lesions.

Inclusion criteria
Leprosy
The enrolled subjects underwent a standardized clinical dermato-
neurological examination, according to the World Health 
Organization guidelines. Leprosy diagnosis was made according 
to the finding of at least one of the following signs/symptoms: 
(a) Definite loss of sensitivity within a skin lesion and/or (b) 
thickened or enlarged peripheral nerve with a respective loss 
of sensitivity and/or muscle weakness.12 All leprosy diagnoses 
were certified by at least two dermatologists and leprologists.

All selected borderline leprosy patients had their diagnosis 
confirmed clinically and histopathologically with the use 
of bacilli by Fite-Faraco staining and/or M. leprae DNA 
positivity by polymerase chain reaction.

Vitiligo
Vitiligo patients were clinically diagnosed according to the 
Vitiligo Global Issues Consensus Conference: characterized 
by the presence of asymptomatic pearly-white skin macules 
of different sizes and shapes.13

the small patches. In the peripheral areas of leprosy lesions, the alteration of sensation was minimum. In other skin conditions 
with white patches on the skin, the proportion of altered sensation points was the least. When more than half of the points inside 
the patches show altered sensation, the probability of correctly diagnosing leprosy is high. Semmes-Weinstein monofilaments 
can distinguish the areas with normal touch sensation and are able to map the areas with a typical pattern of abnormal sensation 
(“like islands”), strengthening  leprosy diagnosis, useful in the  mild presentations of the disease.
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Progressive macular hypomelanosis
Progressive macular hypomelanosis patients were selected 
according to the following criteria: clinically diagnosed 
cases of acquired, non-scaly, confluent, hypopigmented and 
asymptomatic macules and patches.14,15

Patients in both groups were assessed for age, sex and number 
and location of macules. In the leprosy group, considering 
that none of the classifications for leprosy include all of the 
clinical manifestations of leprosy, particularly those involving 
macular lesions, we considered the Madrid (1953) and the 
Indian Association of Leprology (IAL 1982) classifications.4 
All patients classified as having borderline leprosy had more 
than one thickened peripheral nerve.4

Exclusion criteria
Exclusion criteria included individuals with other 
neurological or systemic diseases that result in changes in 
sensitivity, lepromatous leprosy patients, and/or individuals 
who were experiencing reactional episodes or started 
multidrug therapy.

The sensitivity evaluation was performed using the 0.05 g force  
Semmes- Weinstein monofilament within the hypochromatic 
macule as a test area and on adjacent normochromatic skin as 
the control area, following the guidelines for the sensitivity 
test, as described in Table 1. All patients were evaluated 
with no visual contact during the skin test. The respective 
contralateral areas were also tested, but with completely 
normal testing and no limitation in terms of the area to 
compare and calculate indexes, we did not include this data in 
the study. On the other hand, it is important to highlight that 
the internal areas were compared to the peripheral (external) 
areas of the same individual located in regions innervated by 
a given neural trunk. The evaluation of a contralateral area 
would imply evaluating another neural branch (interesting 
to evaluate symmetry) but not assessing focal changes, in 
circumscribed areas supplied by nerve endings restricted to 
a skin region within the territory of the same neural trunk, a 
typical neuropathic disorder of leprosy.

A descriptive statistical analysis was performed. A percentage 
evaluation was performed to analyze the frequency of points 
with altered sensation (anesthetic and/or hypoesthetic) and 
normal sensation to 0.05 g Semmes-Weinstein monofilament 
inside the hypochromatic macules or borderline plaque 
and on the surrounding skin in the three groups. Then, the 
esthesiometric change index was calculated considering the 
total number of points with altered sensation divided by the 
total number of points tested inside the macule or borderline 
plaques. This index was also calculated for peripheral 
normochromatic skin. Thus, the following indices were 
calculated: Internal and peripheral esthesiometric change 
index for each hypochromatic macule and borderline plaque 
in leprosy and for hypopigmented macules in dermatoses 
from the nonleprosy group [Figure 1].

The difference (Δ) between the esthesiometer change indexes 
inside the macule/plaque and outside the peripheral border of 
the hypopigmented area was calculated for the three groups 
by subtracting from the internal the peripheral index as 
follows: (ΔML = iML−ECI − pML−ECI), (ΔBL = iBL−ECI 
− pBL−ECI) and (ΔNL = iNLG−ECI − pNLG−ECI).

Statistical analysis
Data were tabulated in an Excel 2010 spreadsheet and 
analyzed by the statistical program GraphPad Prism 5 (San 
Diego CA, USA).

The results of these groups were comparatively evaluated 
using Student’s t test for paired samples of internal and 
peripheral esthesiometric change index in the same 
individuals, and the non-parametric Mann–Whitney test was 
used to test differences between different groups.

We considered the peripheral skin areas in individuals in 
the nonleprosy group (vitiligo and progressive macular 
hypomelanosis) as having healthy/normal skin sensation to 
calculate the sensitivity and specificity. Receiver operating 
characteristic curve analyses were conducted comparing three 
groups. The best point on the receiver operating characteristic 
curve was considered as the greatest value of the product 
between sensitivity and specificity calculated between leprosy 
and nonleprosy, according to Hanley and McNeil.16 The 
receiver operating characteristic curve showed the threshold 
between the rates of successes and errors to calculate the 
sensitivity and specificity17 of the indexes for leprosy diagnosis. 
The significance level was set at <5% (P < 0.05).

Ethics statement
This study was approved by the Ethics Committee of the 
Ribeirão Preto Clinical Hospital (Protocol number 057/2014) 

Table 1: Guidance for sensitivity test in leprosy by  the Center 
of National Reference in Sanitary Dermatology focusing on 

Leprosy of Ribeirão Preto Clinical Hospital
1. The patient should be in calm and silent surroundings
2.  Provide a specific time for the tests aiming to ensure that both 

parties (patient and doctor) are concentrated during the assessment
3.  Make sure that the instrument used is smaller than the area or lesion 

to be tested
4.  Ensure in normal sensitivity areas that the patient understands the test 

and the type and intensity of the sensitivity to be tested initially with 
eyes opened and subsequently with closed eyes

5.  Preferably conduct the assessment with the patient with their eyes 
closed, always compare between the inside of the lesion and the 
adjacent skin, alternately simulated (without touching), paying attention 
to the responses and conditioning of the patient

6.  Mark with a pen small signs “−” beforehand to precisely ensure the 
points to be tested, making them “+” if normoaesthesia (preserved 
sensitivity), “0” if anaesthesia (lack of sensitivity), or keeping it “−” when 
hypoaesthesia (perception preserved but less intense than in normoesthetic 
areas). Hyperaesthesia is rare.

7.  Test is diagnostic when most points of hypoaesthesia or anaesthesia 
are within the suspected area (s), unlike the periphery of 
normoaesthesia

8. At the end, make the test visually understood to the patient
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and followed the ethics rules for human subjects outlined by 
the Declaration of Helsinki. All patients enrolled in this study 
voluntarily read and signed an informed consent form.

Results
The demographic and clinical characteristics and total 
number of analyzed lesions of the leprosy and nonleprosy 
groups are summarized in Table 2. Except for paucibacillary 
patients (n = 3), all multibacillary patients had more than 
five lesions; however, not all lesions were evaluated to 
avoid the patients from becoming tired as a result of 
providing repeated sensitivity responses which requires a 
large amount of concentration. The distribution of lesion 
regions, the total number and the average number of 
points evaluated for touch sensation with the 0.05 g force 
Semmes-Weinstein monofilament inside (internal area) and 
outside (peripheral area) of the lesions in all groups are 
detailed in Table 3.

The indices of internal and peripheral esthesiometric 
change in individuals in the leprosy and nonleprosy groups 
were calculated as shown in Figures 1 and 2. Both leprosy 
subgroups (macular and borderline) had higher internal index 
values (means of 0.92 and 1.0, respectively) than peripheral 
esthesiometric change index values (means of 0.16 and 0.3, 

Figure 1a: Clinical characteristics of macular lesions in the macular leprosy 
subgroup (MLSG), borderline leprosy subgroup (BLSG) and nonleprosy group 
(NLG/vitiligo) and mapping of the touch sensation test with their respective 
indexes. (a) Original photo of macular hypochromatic lesion of patient of the 
MLSG showing the difficulties to be detected

Figure 1b: Digital photo with 20% more contrast making the macular area 
more visible

Figure 1c: Mapping of touch sensation test with 0.05 g force Semmes-
Weinstein (SW)-monofilament in the MLSG indicating normoesthesia (+); 
hypoesthesia (−) and anesthesia (0) areas
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Figure 1e: Mapping of touch sensation test with 0.05 g force SW-
monofilament in BLSG indicating normoesthesia (+); hypoesthesia (−) and 
anesthesia (0) areas in Borderline Leprosy subgroup (BLSG) indicating altered 
sensation hypoesthesia (-) or anesthesia (0) within the lesion and predominately 
normoesthesia (+) in peripheral areas, to calculate the (i) internal and (p) 
peripheral esthesiometric change indexes (ECI), and the difference (Δ) between 
indexes in BL subgroup.

Figure 1g: Mapping of normal touch sensation test with 0.05 g force SW-
monofilament in vitiligo lesion in the non-leprosy (NL) group indicating points 
with normoesthesia (+) within the lesion and in peripheral areas to calculate 
(i) internal and (p) peripheral esthesiometric change indexes (ECI), and the 
difference (Δ) between indexes in Vitiligo Subgroup (VSG).

Figure 1f: Typical achromatic macule of vitiligo in patient in the NLG

The high internal esthesiometric change index values in the 
macular leprosy group indicate a high occurrence of points 
with altered sensitivity (complete or partial loss of sensation), 
corresponding to focal intracutaneous nerve impairment 
associated with leprosy. Although the analyses of internal and 
peripheral indexes between macular and borderline subgroups 
showed significant differences, this likely reflects a difference 
in disease evolution being more advanced in typical borderline 
leprosy lesions, as demonstrated in Figure 2.

Figure 1d: Original photo of typical borderline lesion of patient of the BLSG

Then, the difference (Δ) between internal and peripheral 
esthsiometric change index in the macular leprosy (ΔMLSG), 
borderline leprosy (ΔBLSG) and nonleprosy groups (ΔNLG) 
was calculated for comparison. In each case, this value was 

respectively) (P < 0.001), while in the nonleprosy group, 
there was no difference between the mean values of the 
internal and peripheral indices.
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The receiver operating characteristic curve was applied 
considering the peripheral areas from nonleprosy patients as 
the best normoesthesic control area (prompt and immediate 
sensation response to the test with 0.05 g monofilament) 
for comparison with other groups, as described in Table 4. 
Similarly, the internal index of the macular and borderline 
leprosy subgroups presented an area under the curve equal 
to 0.99 with 97.9% sensitivity for both and 98.6%/100% 
specificities when the leprosy group internal esthesiometric 
change index values were higher than 0.53 and 0.5, 
respectively (P < 0.001) [Table 5].

Considering the index of the peripheral area in the borderline 
leprosy as compared to nonleprosy group in the receiver 
operating characteristic curve, the sensitivity and specificity 
were 74.5% and 69.2%, respectively, with an area under the 

Table 2: Demographic and clinical characteristics of groups

Variable LG NLG *P-value

MLSG n=46 BLSG n=11 Total n=57 VSG n=21 PMHSG n=9 Total n=30

n (%) n (%) n (%) n (%) n (%) n (%)
Sex

Male 21 (45.7) 5 (45.5) 26 (45.6) 10 (47.6) 0 (0) 10 (33.3) 0.12
Female 25 (54.3) 6 (54.5) 31 (54.5) 11 (52.4) 9 (100) 20 (66.7)

Age (years)
Minimum 6 11 6 10 11 10 0.54
Maximum 88 68 88 72 33 72
Mean 34.1 37.0 34.6 43.7 32.6 37.1

Total analyzed lesions 74 27 101 28 21 49
Average 1.6 2.5 1.8 1.3 2.3 1.63 0.58

Clinical form
Indeterminate 3 (6.5) 0 3 (3.9)
Borderline 43 (93.5) 11 (100.0) 54 (96.1)

WHO classification
Paucibacillary 3 (6.5) 0 3 (5.3)
Multibacillary 43 (93.5) 11 (100.0) 54 (94.7)

LG: Leprosy group, NLG: Nonleprosy group, MLSG: Macular leprosy subgroup, BLSG: Borderline leprosy subgroup, VSG: Vitiligo subgroup, PMHSG: Progressive 
macular hypomelanosis subgroup, *P: Significant difference LG×NLG (total)−X2-test for sex and Mann Whitney test for age and number of macules, WHO: World 
Health Organization

Table 3: Distribution of lesion regions and number of points 
and percentage assessment of touch sensation using the 0.05 

g force Semmes-Weinstein monofilament

Groups LG NLG

MLSG BLSG NLG

Lesion sites n % n % N %
Head 3 4.1 1 3.7 1 2.0
Neck 1 1.4 0 0 1 2.0
Anterior trunk 19 26.0 4 14.8 6 12.2
Posterior trunk 18 24.7 7 25.9 24 49.0
Superior limbs 13 17.8 6 22.2 8 16.3
Inferior limbs 19 26 9 33.3 8 16.3
Buttocks 0 0 0 0 1 2.0
Total 73 100 27 100 49 100

Areas i p i p i p

n % n % n % n % n % n %
Total 599100.0419100.0164 100.0 146100.0 173 100.0 258 100.0
Average points 8.2 - 5.7 - 9.1 - 8.1 - 3.53 - 5.26 -
Normoesthetic 61 10.2 346 82.6 0 0 91 62.3 161 93.1 222 86.0
Hypoesthetic 168 28.0 48 11.5 27 16.5 53 36.3 10 5.8 32 12.4
Anesthetic 370 61.8 25 5.9 137 83.5 2 1.4 2 1.2 4 1.6
LG: Leprosy group, NLG: Non-leprosy group, MLSG: Macular leprosy 
subgroup, BLSG: Borderline leprosy subgroup, i: Internal; p: Peripheral

obtained by subtracting the peripheral from the internal index 
for each group. The values for each participant are shown in 
Figure 3. The means and standard deviation of Δ in both leprosy 
subgroups (ΔMLSG and ΔBLSG) was similar tending to reach 
indexes close to 1 (0.73 ± 0.24 and 0.67 ± 0.27, respectively, 
P = 0.76) and significantly different (P < 0.001) from those of 
the nonleprosy group which exhibited a mean value close to 
zero (−0.06 ± 0.16), as demonstrated in Figure 3.

Figure 2: Distribution of internal and peripheral esthesiometric change index 
values in leprosy (MLSG and BLSG) and difference among them. MLSG: 
Macular leprosy subgroup, BLSG: Borderline leprosy subgroup, NLG: 
Nonleprosy group
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Table 4: Internal and peripheral ECI distribution of lesions from LG and NLG and statistical analyses

Variable LGECI NLGECI

iMLSG pMLSG iBLSG pBLSG iVSG pVSG iPMHSG pPMHSG
Number of ECI values 73 73 26 26 28 28 19 19
Minimum 0.50 0.00 0.99 0.00 0.00 0.00 0.00 0.00
25% Percentile 0.85 0.00 1.00 0.00 0.00 0.00 0.00 0.00
Median 1.00 0.00 1.00 0.28 0.00 0.00 0.00 0.00
75% Percentile 1.00 0.31 1.00 0.51 0.00 0.08 0.00 0.25
Maximum 1.00 1.00 1.00 1.00 0.33 0.33 0.33 0.50
Mean 0.92 0.16 1.00 0.30 0.03 0.05 0.04 0.12
Std. Deviation 0.13 0.21 0.00 0.28 0.08 0.10 0.11 0.17
Std. Error 0.02 0.02 0.00 0.05 0.02 0.02 0.02 0.04
Lower 95% CI of mean 0.88 0.11 1.00 0.19 0.00 0.01 -0.02 0.03
Upper 95% CI of mean 0.95 0.21 1.00 0.41 0.06 0.09 0.09 0.20
ECI: Esthesiometric change indexes, LG: Leprosy group, NLG: Nonleprosy group, LGECI: Leprosy group esthesiometric change indexes, NLGECI: Nonleprosy 
group esthesiometric change indexes, i: Internal; p: Peripheral, MLSG: Macular leprosy subgroup, BLSG: Borderline leprosy subgroup, VSG: Vitiligo subgroup, 
PMHSG: Progressive macular hypomelanosis subgroup

Table 5: ROC of internal and peripheral ECI and the difference (∆) between them compared to the peripheral esthesiometric 
change of the non-leprosy group as a normal sensitivity area (control)

Group Area under ROC curve 95% CI P-value Cut off Sensitivity % 95% CI Specificity% 95% CI Likelihood ratio
iMLECI 0.99 0.9965–1.001 <0.001 0.5278 97.87 88.71–99.95 98.63 92.60–99.97 71.45
iBLECI 0.9986 0.9955–1.002 <0.001 0.5000 97.87 88.71–99.95 100.0 86.77–100.0 -
pMLECI 0.6033 0.5023–0.7044 0.0567 - - - - - -
pBLECI 0.7443 0.6178–0.8707 <0.001 0.1275 74.47 59.65–86.06 69.23 48.21–85.67 2.42
∆MLSG 0.9986 0.9955–1.002 <0.001 0.3417 100.0 92.75–100.0 96.49 87.89–99.57 28.50
∆FLSG 0.9823 0.9477–1.017 <0.001 0.3667 100.0 92.75–100.0 92.31 74.87–99.05 13
ROC: Receiver operating characteristic, ECI: Esthesiometric change indexes, i: internal, p: peripheral, MLECI: Macular leprosy esthesiometric change index, 
BLECI: Borderline leprosy esthesiometric change index, ∆MLSG: Difference between internal and peripheral esthesiometric change index in macular leprosy 
subgroup, ∆FLSG: Difference between internal and peripheral esthesiometric change index in borderline leprosy subgroup

curve equal to 0.74 (P < 0.001), but this was not found for 
peripheral macular esthesiometric change index [Table 5].

The receiver operating characteristic curve analysis [Table 5] of Δ 
values showed 100% sensitivity and 96.5% specificity for leprosy 
diagnosis when the ΔML was >0.34 (P < 0.001) with an area under 
the curve of 0.99, while for the ΔBL, the sensitivity reached 100% 
and the specificity reached 92.3% for the leprosy diagnosis when 
the ΔBL was >0.37 (P < 0.001) with an area under the curve of 0.98.

These differences were essentially the same between the 
macular and borderline subgroups, showing a characteristic 
pattern of loss of sensation within the hypopigmented macule 
or in the borderline plaque in cases of more advanced disease.

Discussion
Phenolic glycolipid I of the M. leprae cell wall binds to Schwann 
cells in peripheral nerves, interacting with the α2 laminin chain 
of the axonal unit, facilitating its internalization18-20 and leading 
to colonization of the nerve which can lead to inflammation, 
nerve damage and subsequent nerve function loss.21

Electromyography has a high sensitivity and specificity in the 
diagnosis of peripheral neuropathy and is the gold standard for 
the early detection of leprosy neuropathy.2,22,23 However, there 

Figure 3: Distribution of difference values (Δ) between internal (i) and 
peripheral (p) esthesiometric change index in leprosy and nonleprosy groups. 
ECI: Esthesiometric change index, ΔML: Difference between iMLECI and 
pMLECI, ΔBL: Difference between iBLECI and eBLECI, ΔNL: Difference 
between iNLECI and eNLECI, MLSG: Macular leprosy subgroup, 
BLSG: Borderline leprosy subgroup
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are limitations due to costs and professional qualifications and 
leprosy nerve impairment cannot be detected when it occurs 
exclusively within the intracutaneous phase. Assessment 
of sensitivity with Semmes-Weinstein monofilaments 
shows excellent agreement with electromyography findings 
alone2,24,25 or when combined with palpation of the peripheral 
nerves to detect swelling and inflammation.22

Although some studies of leprosy patient skin lesions suggest 
a sequential loss of thermal sensitivity, followed by loss of 
pain and later tactile sensation, Villarroel et al.26 examined 
tactile sensitivity with monofilaments and compared the results 
to those obtained with thermal sensitivity tests in suspected 
leprosy patients, finding that some individuals had a loss 
of tactile sensitivity with either 0.05 g force or 0.2 g force 
monofilaments that preceded the change in thermal sensitivity. 
Camargo and Baccarelli27 claimed that the change in sensitivity 
detected with the 0.05 g force monofilament precedes the 
changes in thermal and pain sensitivities. Thus, the Semmes-
Weinstein monofilament has been an important tool for the 
timely identification of sensory loss associated with neuropathy 
and has also been used in monitoring and preventing disability 
in individuals already diagnosed with leprosy. There is not, 
however, a well-established description of criteria that allow for 
the classification of esthesiometric changes that are specifically 
characteristic of leprosy that would contribute to the etiological 
diagnosis of neuropathy from these findings.

Moreira and Alvarez9 emphasized the need for standardization 
of the parameters used in the sensitivity test with the 
esthesiometer so that the information obtained is reliable 
and can be reproduced. Lima and Campos28 emphasized the 
importance of evaluating areas that are hypoesthetic to heat, 
touch and pain which should be corroborated because these 
precede anesthesia and represent an early finding. Although the 
loss of sensation in a circumscribed skin area (“island pattern”) 
is the most important diagnostic criterion for leprosy, until 
now, an established quantitative method has not been proposed 
for subjective and qualitative sensitivity measurements.

In our leprosy patient groups, there was a predominance of 
points with altered sensation: About 89.8% inside the macules 
and 100% in the typical borderline lesions. The percentages 
of points with altered sensation in leprosy lesions were much 
higher than those found in normochromatic skin adjacent to the 
leprosy patch in macular (17.4%) and borderline leprosy groups 
(37.7%), while both of these percentages were very low within 
the macules of individuals not having leprosy (7%). These data 
reveal the significant sensitivity change in hypochromatic lesions 
for both macular forms and borderline lesions measured by 
the monofilament test. Surprisingly, the loss of sensation often 
extended to areas of normochromatic peripheral skin, indicating 
that even in the absence of visible dyschromia, early nerve damage 
can extend to otherwise normal appearing skin which is more 
common in macular leprosy patients. Considering borderline 
lesions as a clinical form of established disease with scattered 

borders, the borderline leprosy peripheral areas presented a more 
widely spread loss of sensation than that seen in macular forms. 
The lack of visible circumscription of these kinds of borderline 
leprosy lesions can increase the rate of error in sensory testing 
that can result in misdiagnosis and delayed treatment.

By performing an receiver operating characteristic curve 
analysis [Table 5], when the ΔML was >0.34 with an area 
under the curve of 0.99, we identified 100% sensitivity 
and 96.5% specificity for leprosy diagnosis, while the ΔBL 
presented 100% sensitivity and 92.3% specificity when >0.37 
with an area under the curve of 0.98.

Faced with the classic applicability of Semmes-Weinstein 
monofilament for the detection and monitoring of touch 
sensation on the hand palms and foot soles semi-quantitatively 
in leprosy patients, it is noteworthy that the monofilament 
proved to be an important complementary tool that is simple 
to use and has a very low cost to aid in the clinical diagnosis 
or confirmation of leprosy, mainly in patients with negative 
laboratory tests, such as slit skin smear and histopathology.

With proper application and standardization of the internal and 
peripheral esthesiometric change index and Δ values, the use of 
the 0.05 g force Semmes-Weinstein monofilament was able to 
identify and quantify the loss of sensation within the macule and 
normal sensation outside the lesion (“island pattern”) with higher 
sensitivity and specificity than any other complementary exam 
for leprosy. Employing these indices would allow an earlier 
leprosy diagnosis and treatment that will allow for interruption 
of transmission and decrease the chance of lasting disability.

One limitation of our study was the lack of blinding to the 
diagnosis of leprosy for the researchers before the Semmes-
Weinstein monofilament test and in the nonleprosy group, 
but all patients were blinded. Although there is no need for 
specific complementary tests for the diagnosis of vitiligo and 
progressive macular hypomelanosis, another shortcoming of 
the study was that we did not biopsy all patients.

Conclusion
Esthesiometry using a Semmes-Weinstein monofilament 
proved to be an important tool to quantify the loss of skin 
sensation and consequently to determine leprosy diagnosis 
in its macular clinical presentation. Esthesiometry using 
a Semmes-Weinstein monofilament is capable of easily 
differentiating similar-looking macules associated with other 
macular dermatoses, allowing us to characterize a typical 
pattern of areas with touch sensation change surrounded by 
normal sensation areas (“islands”) not following the territory 
of a specific nerve. The method can be easily and cheaply 
implemented with training to ensure reproducibility.

The values of the esthesiometric change index in leprosy 
patients were much higher than internal indexes in patients 
without leprosy, and when more than 53% of these tested 
points exhibited altered sensation, it enables the diagnosis of 
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macular forms of leprosy with a sensitivity and specificity of 
98 and 99%, respectively.

A Δ-value higher than 0.34, that is, an esthesiometric change 
index 34% higher than the peripheral change index, in 
macular forms allows us to infer the diagnosis of leprosy 
with a sensitivity of 100% and specificity of 96.5% which 
quantitatively defines the typical distribution of neuropathic 
leprosy involvement as an island pattern.
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