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Introduction: Hansen’s disease (HD) is the most common cause of treatable

peripheral neuropathy in the world that may or may not involve skin

manifestations, and physical examination based on simplified neurologic

evaluation is a subjective and inaccurate procedure. High-resolution

ultrasound (HRUS) can be used to evaluate peripheral nerves and is a

validated technique of good reproducibility, permitting a detailed and

precise examination.

Objectives: We proposed to establish objective criteria for absolute values of

themeasurement of the CSA of peripheral nerves and their indices of the1CSA

and 1TpT in the diagnosis of Hansen’s disease neuropathy as compared with

healthy voluntaries.

Materials and methods: In municipalities from di�erent regions of Brazil, we

randomly selected 234 volunteer Brazilian patients diagnosed with leprosy to

be submitted to peripheral nerve echography and compared with 49 healthy

Brazilian volunteers.

Results: Hansen Disease assessed by high resolution ultrasound is a

primarily neural disease that leads to multiple hypertrophic mononeuropathy

characterized by CSA values exceeding normal limits (Med CT = 10.2

mm2; UT = 9.8 mm2; UPT = 9.3 mm2; CFFH = 18.3 mm2; T = 9.6

mm2), and the pattern of asymmetry (1CSA>2.5 mm2 with RR 13) and

focality (1TPT > 2.5 mm2 with RR 6.4) of this thickening has higher

sensitivity (76,1%) and specificity (87,8 %) for its early diagnosis that

laboratory tests. Analyzing each subject, the percentage of thickened nerves

detected among the total number of nerves assessed was higher among

patients with HD than among healthy individuals (p < 0.0001). Individuals

with two or more thickened nerves were at 24.1 times higher relative

risk (95% CI: 6.74–88.98) of HD.
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Introduction

Hansen’s disease (HD) is the most common cause of

treatable peripheral neuropathy in the world. Mycobacterium

leprae mainly resides in macrophages and Schwann cells,

affecting myelination. It causes a primary neural disease

involving the immunologic system (being induced or

maintained by an immune response to the bacillus), and

the neural damage results in disability and maintenance of

stigmas. As proposed by the World Health Organization, nerve

thickening is one of the cardinal signs for the diagnosis of a

case of leprosy (1). When the first signals of nerve damage

can be noted, at least 30% of the nerve fibers may be affected

(2, 3). HD is a neural disease that may or may not involve

skin manifestations (4–11). Cases of peripheral neuropathy

accompanied by nerve thickening should lead clinicians to

suspect a diagnosis of HD (12). Physical examination based

on simplified neurologic evaluation including the palpation of

peripheral nerves helps the diagnosis of nerve thickening and

neuritis; however, this is a subjective procedure that may not

detect the condition in very early cases, even by well-trained

professionals (13).

High-resolution ultrasound (HRUS) can be used to evaluate

most peripheral nerves and is a validated technique of good

reproducibility, permitting a detailed and precise examination

(14, 15). With HRUS, the peripheral nerves appear on

a longitudinal view (cord-like pattern) as multiple tubular

hypoechoic structures (dark gray bundles) intermingled with

hyperechoic lines (perineurium—white), with their ensemble

being covered with a hyperechoic line (epineurium). On a

transversal view (honeycomb pattern), these structures are

hypoechoic and round (fascicles) surrounded by hyperechoic

bands (perineurium), and all of these fascicles are surrounded

by a denser outer line (epineurium) (14, 15). HD has been

characterized by greater peripheral nerve thickening defined by

the increase in their cross-sectional area (CSA) (9, 10), usually

asymmetrical (9), followed by other morphological changes,

such as echogenicity and/or fascicular pattern; perineurium

thickening; and peripheral nerve vascularization that can be

detected by intraneural and/or perineural Doppler signals (16,

17). In addition to parameters regarding the absolute values

of CSA measurements, Frade et al. (10), among others, have

suggested the measurement of the asymmetry index [1CSA =

(>right or left CSA) – (<right or left CSA)] in the evaluation of

leprosy and have demonstrated that this index is highly sensitive

and specific for the differentiation between the nerves of healthy

individuals and the nerves of patients with leprosy. Regardless of

the classification as multibacillary or paucibacillary, the fusiform

thickening of the ulnar nerve starts in the ulnar sulcus and

reaches a maximum of 4 cm above the medial epicondyle (9,

10, 18–20). However, Frade et al. (10) have pointed out that

the difference between the measurement of the thickened ulnar

nerve in the distal region of the arm and that in the elbow region,

or vice versa, had more than 90% specificity for leprosy. This

characteristic finding may be of help, especially in the diagnosis

of primary or pure neural leprosy (PNL), in which the skin

lesions are absent and in the differentiation between leprosy and

other neuropathies, in which a diffuse nerve increase may occur.

So, we proposed to establish the objective criteria of the

measurements of absolute values of the CSAs of the peripheral

nerves and their indices of the asymmetry and focality in the

diagnosis of Hansen’s disease neuropathy as compared with

healthy voluntaries.

Ethical considerations

The present study was approved by the Research Ethics

Committee of the University Hospital, Faculty of Medicine

of Ribeirão Preto, University of São Paulo (protocol no.

2.165.032, MH-Brasil and 92228318.1.0000.5440). Written

informed consent was obtained from all participants, including

the parents/guardians of subjects younger than 18 years.

All procedures involving human beings followed the ethical

standards of the Declaration of Helsinki (1975/2008).

Casuistry

Municipalities of different regions of Brazil (north,

northeast, and southwest) whose health professionals had

been habilitated by the National Reference Center for Sanitary

Dermatology with emphasis on leprosy of HCFMRP-USP were

selected between 2016 and 2020. In these regions, we randomly

selected 234 volunteer Brazilian patients diagnosed with leprosy

by these teams to be submitted to peripheral nerve echography.

As a comparative (control) sample of healthy Brazilian

volunteers, we used cases of our service, as reported by Voltan

et al. (2022) (Annex 1); to carry out this work, we obtained a

sample number of 97 for the Brazilian population of 211 million

inhabitants, with a confidence level of 95% and a margin of

error of 10%. Our sample consisted of 66 individuals; however,

since the distribution of the CSA of the right and left nerves was

homogeneous, 132 neural points were considered for statistical

analysis, being the largest sample among the evaluated studies

and fulfilling the sample calculation criteria for our population.

Calculation performed with https://calculareconverter.com.br/

calculo-amostral/ and verified at https://solvis.com.br/calculos-

de-amostragem/ for 211 million and 132 neural points of 66

individuals with 95% CI have a margin of error of up to 8.53%.

In addition, we included in the same data bank unpublished

data on the 18 tibial nerves of nine individuals aged 15–60 years

(mean: 7.6± 0.94 mm2; median: 8.0 mm2).

Clinical evaluation

Clinical evaluation was performed by dermatologists and

HD specialists habilitated by the program of theHealthMinistry.
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The teams were not involved in the capture and HRUS analysis

of the images.

Peripheral nerve echography

The general portable ultrasound devices used were Mindray

M5, Samsung HM70-A, and Vinno6, equipped with high-

frequency transducers, with frequencies ranging from 4

to 17 MHz. Each nerve was scanned on crosswise and

lengthwise sections, and the cross-sectional area (CSA) of the

transversal sections was obtained with adjustment of the angle

perpendicular to the insonated nerve surface, without pressure

on the structures. The neural points assessed were defined

according to their proximity to anatomical bone references,

facilitating the reproducibility of the method by being well-

established sites for neural compression or more common sites

of electrophysiological assessment. The CSA was determined at

these sites with a continuous trace, internally to the hyperechoic

borders of the epineurium (Figures 1A,B). For comparison with

the literature, all patients were submitted to already established

echographic assessment of 10 neural sites, that is, median

nerves in the carpal tunnel (between the scaphoid and pisiform

bones); ulnar nerves in the cubital tunnel (between the medial

epicondyle and olecranon) and in the distal third of the arm

(cubital pretunnel−3–5 cm above the medial epicondyle); the

common fibular nerves in the fibular head topography; and the

tibial nerves in the tarsal tunnel, all of them bilaterally. As an

exception, four new additional sites were established for the

assessment of routine focality, that is, common fibular nerves in

the thigh (pre-fibula head or distal third of the thigh between

3 and 8 cm proximal to the fibula head) and median nerves in

the distal third of the forearm (3–5 cm proximal to the carpal

tunnel). The nerves of the upper limbs were assessed with the

patient sitting and with elbows flexed 60–90◦, while the nerves

of the lower limbs were assessed with the patient sitting or in the

dorsal decubitus with legs slightly flexed 90–130◦.

All data collection procedures were carried out during active

search campaigns in different regions of Brazil. After 2 or 3

months of collection, the same researcher opened the images

FIGURE 1

Drawing of a cross-section of a peripheral nerve (A); high-resolution echography of the ulnar nerve in the right (RPT) and the left (LPT) cubital

pretunnel with preserved cross-sectional area, echogenicity, and fascicular pattern (B,C).
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on his personal computer and analyzed each image, extracting

only objective data from the CSA for statistical analysis. All other

results were obtained using mathematical formulas performed

in Excel to arrive at 1CSA and 1TpT. In short, the researcher’s

experience helped in carrying out the measurements, but as

they are objective data, if any other researcher performs them

following the same standards, they should have the same results.

Statistical analysis

Excel
R©

software was used to transpose the CSA values

(mm2) obtained from photographs of the ultrasound

examination, and Prism 8 software for macOS was used

for later data analysis. The means, standard deviations, and

median absolute CSA values were calculated for each of the 14

nerve sites assessed (seven on the right side and seven on the

left side). The paired t-test was used to analyze asymmetries.

We calculated the indices (1) of the differences of absolute

CSA values between the right and the left side (1CSAs) and

of the differences between the absolute CSA values in the

same nerve. The neural sites were considered to be thickened

when their CSA values, extracted from the database from

Voltan et al. (2022), were higher than the reference values

for normal individuals summed to two times the values of

the standard deviations (SDs). Similarly, each neural site was

considered to be asymmetrical when the 1CSA was higher

than the reference values plus two times the SD for normal

individuals. The same reasoning was used for the 1TPT to

consider the focality. The total number of thickened/altered

neural sites was counted using the “cont.se” function of Excel

software, and the total number of altered sites in terms of

asymmetry (1CSA) and focality (1TPT) was calculated

for in each one.

The total number of thickened neural sites was calculated

for each individual using the “cont.se” function of Excel.

Similarly, each neural site was considered to be asymmetrical

or with focality when the 1CSA and 1TPT, respectively,

were higher than RV + 2 SD. The total number of altered

sites in terms of asymmetry (1CSA) and focality (1TPT)

was calculated using the “cont.se” function of Excel. In

order to assess the discriminatory power for the diagnosis

of Hansen’s neuropathy by ultrasound, the ROC curve was

applied to the number of altered sites according to CSA,

1CSA, and 1TPT as compared with the values obtained for

healthy individuals.

Results

The clinical–demographic characteristics and the anti-PGL1

results of the population sample studied are given in Table 1.

TABLE 1 Distribution of the population sample by sex, age range,

state of origin, operational classification, and anti-PGL 1 data.

Variables N %

Sex Male 113 48.29

Female 121 51.71

Age (years) 4–14 38 16.24

15–60 176 75.21

60–81 20 8.55

Region of origin. North 72 30.77

Northeast 67 28.63

Southeast 95 40.60

Classification of Hansen’s disease DD 159 67.95

DT 36 15.38

DV 18 7.69

I 5 2.14

PN 5 2.14

T 4 1.71

V 7 2.99

Anti-PGL 1 Negative (0.47± 0.32) 86 36.75

Positive (2.85± 3.96) 64 27.35

Not determined 84 35.90

Mean Anti-PGL 1 index 1.49± 2.85 150 64.10

DD, dimorphic–dimorphic; HDT, dimorphic–tuberculoid; DV, dimorphic–Virchowian;

I, indeterminate; PN, pure neural; T, tuberculoid; VL, virchowian.

The values detected for the patients with HDwere compared

with the normal CSA patterns of healthy Brazilian individuals

based on the values established by Voltan et al. (2022).

Absolute CSA values (mm2) of the
peripheral nerves and their indices

The 234 patients were assessed by bilateral HRUS of the

peripheral nerves: median in the carpal tunnel (Med CT),

ulnar in the cubital tunnel (UT) and cubital pretunnel (UPT),

common fibular in the fibula head (CFFH), and tibial in the

medial malleolus (T). Based on initial observations during

fieldwork, new sites were routinely established as follows:

median nerve in the forearm (Med FA) and the common

fibular nerve in the thigh proximal to the fibula head (CFTH),

and for this reason, there was a variation of the sample (n),

with measurements of Med TC being obtained for 100 (43 %)

patients and measurements of CFTH being obtained for 151

(64.5 %) patients.

The mean, standard deviation, and median values of the

absolute CSA values in mm2 and of the differences between

the right and left sides (1CSA) and between sites of the

same nerve (1TPT) are presented in Table 2 according to

age range.
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TABLE 2 Distribution of ultrasound measurements (CSA, 1CSA, and 1TPT) according to age range, total sample, and upper limit.

Variables Age range (years) 4–14 15–30 31–45 46–60 62–81 Sample Upper limit

(HVs)

(15–60 years) (mean + 2SD)

(n) Men 14 24 36 25 14 85 –

(n) Women 24 38 29 24 6 91 –

(n) Total (Right+ Left) 76 124 130 98 40 352 –

Mean± SD [median] 10.3± 2.8 [11] 22,3±4,9 [22] 37.0± 4.0 [37] 52.2± 4.2 [52] 69.9± 5.2 [69] 36.1± 12.6 [36] –

Site Mean± SD [median]

Peripheral

nerves

Med CT 7.8± 2.2 [7] 10.1± 2.8 [10] 11.0± 2.8 [10.9] 12.1± 3.2 [12] 11.3± 3.3 [11] 11.0± 3.0 [10.7] 10.2

UT 5.7± 1.8 [5] 7.8± 3.1 [7] 8.3± 3.0 [8] 9.1± 3.2 [9] 10.8± 4.1 [10] 8.3± 3.2 [7.9] 9.8

UPT 5.3± 1.8 [5] 7.9± 4.9 [7] 9.3± 6.9 [7] 9.7± 4.5 [8.5] 11.4± 7.3 [9.4] 8.9± 5.7 [7] 9.3

CFFH 10.4± 3.9 [10] 15.9± 5.2 [15] 18.9± 6.4 [18] 21.2± 7.0 [20.7] 19.5± 6.5 [17.8] 18.4± 6.5 [17] 18.3

T 6.8± 2.1 [7] 9.2± 4.2 [9] 11.5± 4.9 [10.6] 12.8± 5.0 [11.9] 14.0± 7.0 [11.8] 11.0± 4.9 [10] 9.6

1CSA (mm2) Med CT 1.3±1.3 [1.0] 1.7± 1.6 [1.0] 1.5± 1.3 [1] 2.6± 2.1 [2] 2.8± 2.0 [2.6] 1.9± 1.8 [1.3] 2.2

UT 1.1± 1.2 [1] 1.8± 1.7 [1] 1.9± 1.8 [1.2] 1.8± 1.5 [1.9] 1.7± 2.3 [1] 1.9± 1.7 [1.2] 3.1

UPT 1.0± 0.8 [1] 1.6± 1.8 [1] 2.5± 5.0 [1.1] 2.5± 4.3 [1] 2.8± 2.6 [2] 2.2± 3.9 [1.0] 1.4

CFFH 1.5± 1.5 [1] 2.3± 2.5 [1.3] 3.6± 5.9 [2] 3.8± 3.7 [3] 4.2± 3.6 [4.3] 3.2± 4.4 [2] 2.3

T 1.1± 1.2 [1] 1.4± 1.6 [1] 2.3± 3.0 [2.0] 2.9± 3.1 [2.0] 3.8± 3.0 [2.4] 2.1± 2.7 [1.1] –

1TPT (mm²) Ulnar (UT and UPT) 0.9± 1.1 [1] 1.8± 2.9 [1] 2.7± 5.1 [1] 2.2± 3.2 [1.3] 3.3± 4.5 [1.8] 2.2± 3.9 [1] 2.6

Analysis of

new neural

sites

Total n= 100 16 34 62 62 26 158 –

Peripheral

nerves

Med FA 6.4± 2.0 [6.7] 9.5± 3.7 [8.3] 9.9± 3.4 [9.0] 9.8± 2.4 [9.9] 13.0± 12.3 [10.4] 9.8± 3.1 [9.3] –

1CSA (mm2) Med FA 1.6± 1.1 [1.5] 1.9± 1.9 [1.6] 2.2± 2.0 [1.4] 1.5± 1.5 [1.2] 5.8± 13 [3.1] 1.9± 1.8 [1.3] –

1TPT (mm²) Median (CT and FA) 1.5± 1.0 [1.4] 2.4± 2.0 [1.7] 2.5± 2.0 [1.8] 2.9± 2.4 [2.0] 5.4± 9.6 [3.2] 2.6± 2.2 [1.9] –

Total n= 151 22 68 102 80 30 250 –

Pripheral

nerve

CFTH 9.3± 3.2 [8.9] 14.5± 4.7 [13.9] 17.8± 6.8 [16] 18.8± 5.2 [18.5] 18.3± 6.8 [17.3] 17.2± 6.0 [16] –

1CSA (mm2) CFTH 1.2± 1.4 [0.6] 1.8± 1.6 [1.6] 4.3± 4.7 [3.5] 3.8± 3.8 [3.0] 5.8±4.3 [4.7] 3.4± 3.9 [2.2] –

1TPT (mm²) Fibular (CF and TH) 1.2± 0.9 [1] 2.6± 2.6 [2] 3.6± 3.4 [2.4] 3.5± 2.6 [2.8] 3.5± 2.9 [2.8] 3.3± 2.9 [2.4] –

(n), number; Med, median; CT, carpal tunnel; UT, ulnar tunnel; UPT, ulnar pretunnel; CFFH, common fibular in the fibula head; T, tibial; FA, forearm; CFTH, common fibular thigh;

1CSA, difference between the right and left nerves at the same site of assessment; 1TPT, difference between the same nerve at different sites.

Data are reported as mean± standard deviation, and mean (mm2).

Assessment of CSA values according
to gender

The absolute peripheral nerve CSA values (age range: 15–60

years) divided into male and female gender tended to be higher

for men, with a difference at the sites of the Med FA, UT, UPT,

and CFFH nerves (Figure 2).

Assessment of CSA values according
to age range

We observed a gradual increase in mean and median

peripheral nerve CSAs with increasing age range in patients

diagnosed with Hansen’s disease. There was a significant

difference between the age-group of 0–14 years and the
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FIGURE 2

Distribution of CSA (mm2) values at neural sites according to male and female gender for the age range of 15–60 years. F, female; M, male; CSA,

cross-sectional area; Med CT, median carpal tunnel; Med FA, median forearm; UT, cubital ulnar tunnel; UPT, cubital ulnar pretunnel; CFFH,

common fibular head of the fibula; CFTH, common fibular thigh; T, tibial.

remaining groups (p < 0.05). Among the age-groups of 15–60

and> 60 years, this increase occurred only for the UT, UPT, and

tibial sites, as shown in Table 2 and Figure 3.

As observed for the absolute values, the 1CSA and 1TPT

values differed between the age-group of 0–14 years and the

remaining groups (p < 0.05), except for the Med FA site.

Comparison of the age-groups of 15–60 and > 60 years revealed

that the differences (1) were greater in the age-group of >60

years at the Med CT, Med FA, CFTH, and T sites, as shown in

Table 2 and Figure 4.

Comparative analysis of healthy
individuals and patients with leprosy

We compared 49 healthy individuals (98 neural sites) with

176 individuals diagnosed with leprosy (352 neural sites) in the

age range of 15–60 years.

Since these were not paired samples and did not have

parametric distribution, we compared both the absolute CSA

values of peripheral nerves and the differences between them

using the Mann–Whitney test.

The results revealed higher median and mean absolute

CSA values of peripheral nerves among the patients

with leprosy compared with healthy individuals at all

possible comparison sites, as illustrated in detail in

Figure 5.

The mean absolute CSA value of the tibial nerves of patients

was 11.0± 4.9 and was higher than the value detected in healthy

individuals, as also observed by Voltan et al. (unpublished data)

who obtained a mean value of 7.6 ± 0.94 mm2 and a median of

8.0 mm2, and as reported by Kerasnoudis et al. (21) (6.36± 1.4),

Tagliafico et al. (22) (9.6 ± 4), Boehm et al. (23) (9.1 ± 2.2), and

Grimm et al. (24) (10.2± 2.0).

Regarding the asymmetry of CSA values at each neural site

assessed as calculated by the respective differences between sides

(1CSA), we observed higher mean and median differences in

the group of patients with leprosy than in the group of healthy

individuals at all neural sites, except for the tibial nerve, which

showed no difference. The mean and median values of focality,

measured by the difference between two sites in the same nerve

(1TPT) for the ulnar tunnel/ pretunnel nerve, were also higher

in the group of patients with leprosy than in healthy individuals

(Figures 5, 6).
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FIGURE 3

Distribution of absolute CSA (mm2) values for the neural sites assessed in patients with leprosy according to age range, with di�erences

highlighted (p < 0.05). CSA, cross-sectional area; Med CT, median carpal tunnel; Med FA, median forearm; UT, cubital ulnar tunnel; UPT, cubital

ulnar pretunnel; CFFH, common fibular in the fibula head; CFTH, common fibular thigh; T, tibial.

FIGURE 4

Comparative analysis of the di�erence between the right and left CSA values (1CSA) and the values in the same nerve (1TPT) according to age

range. CSA, cross-sectional area; Med CT, median carpal tunnel; Med FA, median forearm; UT, cubital ulnar tunnel; UPT, cubital ulnar pretunnel;

CFFH, common fibular in the fibula head; CFTH, common fibular thigh; T, tibial. 1CSA, di�erence between the right and the left nerve at the

same site of assessment, 1TPT, di�erence between di�erent sites of the same nerve.
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FIGURE 5

Comparative analysis of peripheral nerve CSA, 1CSA (mm2), and 1TPT (mm2) values between healthy individuals and patients with Hansen’s

disease aged 15–60 years. CSA, cross-sectional area; Med CT, median carpal tunnel; Med FA, median forearm; UT, cubital ulnar tunnel; UPT,

cubital ulnar pretunnel; CFFH, common fibular in the fibula head; CFpFH, common fibular proximal fibular head; T, tibial; 1CSA, di�erence

between the right and the left nerve at the same site of assessment; 1TPT, di�erence between the same nerve at di�erent sites of assessment;

HVs, healthy volunteers; Hansen, patients with Hansen’s disease.

Analysis of the absolute number and
percentage of thickened nerves per
individual

Analyzing each subject, the percentage of thickened nerves

detected among the total number of nerves assessed was higher

among patients with HD than among healthy individuals

(p < 0.0001). The ROC curve revealed an AUC of 89.1

(95% CI: 84.6–93.5%, p < 0.0001) (Figure 7). These findings

indicate that when the percentage of thickened nerves was

higher than 16.5% (more than two altered nerve sites),

the sensitivity reached 76.1% (CI: 69.3–81.8) and specificity

reached 87.8% (75.8–94.3), with a relative risk for HD

of 6.2.

Considering the 16.5% sensitivity detected, for a binomial

analysis, we divided our sample into subjects with up to two

nerves altered (≤ 2) and individuals with more than two nerves

altered (>2). The chi-square value with Yates correction was
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FIGURE 6

Transversal view of common fibular nerve on the right and left sides in the same HD patient demonstrating enlargement of peripheral nerve,

asymmetry (1CSA) and focality (1TpT) major than normal references values. CSA, cross-sectional área; CFFH, common fibular nerve at fibular

head; CFpFH, common fibular nerve proximal at fibular head; R, right; L, left; 1CSA, asymmetry; 1TpT, focality. In the green frame we highlight

the calculation of 1CSA and 1TpT.

52.03 (p < 0.00001), with individuals having two or more

thickened nerves at 24.1 times higher relative risk (95% CI:

6.74–88.98) of Hansen’s disease.

Analysis by number of asymmetrical
sites per subject

Analysis of asymmetries among the neural sites (1CSA)

defined as altered (more than RV ± 2 SD) per individual by the

ROC curve when comparing healthy individuals and patients

with HD revealed that the area under the curve was 85.09 (95%

CI: 0.79–0.90, p< 0.0001), as demonstrated in Figure 8. Our data

showed 79% sensitivity (72.37–84.35) and 87.8% specificity (75,

76–94, 27) when more than 10% of the neural sites evaluated

presented altered 1CSA (>2.5 mm2), with a relative risk of 6.45

for HD.

Considering the 10% sensitivity index detected, for a

binomial analysis, and dividing our sample into individuals who

had zero nerves altered in terms of asymmetry and individuals

with one or more altered asymmetries (≥1), the chi-square value

with Yates correction was 71.6 (p< 0.0001), and individuals with

one or more asymmetrical nerves were found to be at 13 times

higher relative risk (95% CI: 5.98–28.79) of HD.

Analysis by the di�erence between
two sites of the same nerve per
individual (Focality)

When comparing healthy individuals with patients with HD,

we checked the cutoff point for the number of altered 1TpT

per individual, and we found no difference between groups (p

> 0.05) (Table 3, Figure 9).

For a binomial analysis, we divided our sample into

individuals who had no altered 1TPT and individuals with one

or more altered 1TPT (≥1). The chi-square value with Yates

correction was 18.3 (p < 0.0001), and individuals with one or

more altered 1TPT were found to have a 6.4 higher relative risk

(95% CI: 2.5–21.9) of HD.

Discussion

Over the last decade, HRUS has become an invaluable

diagnostic method for the assessment of peripheral nerves,

being used for the assessment of focal and diffuse thickening

and of echotextural changes and fascicular patterns in various

neuropathies. These features can be quantified objectively by

measuring the CSA of the nerve. An increased CSA of the
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FIGURE 7

Longitudinal view of the common fibular nerve with fusiform enlargement demonstrating focality (1TpT).

nerve involved permits a precise localization in compressive

neuropathies and in neural tumors (25, 26).

Themore severe consequences of leprosy such as deformities

and disability are due to neurologic involvement (11). For

this reason, the WHO suggests more studies with peripheral

nerve ultrasound in neuropathy of leprosy since palpation

of peripheral nerves is subjective and requires training (13),

with agreement between pairs of professionals trained in the

technique of nerve palpation being unsatisfactory (27), while

HRUS has better cost-effectiveness than other methods, such as

magnetic resonance (15, 28).

In the present study, the age range of 15–60 years was

selected because it shows lower variation of absolute CSA

values (mm2) of peripheral nerves (29), with lower values

among children and adolescents and higher values among

older individuals. Another important factor for this choice

was the epidemiological distribution based on the time of

disease incubation and risk of transmission, proposed for

HD by dividing the age ranges into lower and higher

than 15 years.

Our study stands out by involving the largest series in the

world for the assessment of the peripheral nerves of patients

with leprosy, with all examinations being performed by the

same physician specialized in imaging diagnosis during an active

search within the community and not solely within hospitals and

reference centers.

The assessment of the differences in the CSA of the neural

sites (1CSA and 1TPT) distributed according to age range

(Figure 4) demonstrated that the youngest has shorter time

of disease and, consequently, lower differences between sides

(1CSA) and between sites of the same nerve (1TPT). Only the

ulnar nerve did not show change in the 1CSA and 1TPT with
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FIGURE 8

Intraneural focality pattern [Scollard pattern (4) demonstrated by Voltan, G and Frade, MAC with the high-resolution ultrasound] of the ulnar

nerve on the longitudinal view (up) and transversal view (down right and down left) showing the di�erent fascicle patterns in the same nerve.

age, highlighting as an important nerve for the assessment of

HD neuropathy.

For all neural sites, patients with HD presented higher

absolute CSA values than healthy individuals (p < 0.0001),

confirming the data reported by Frade et al. (10) in a study

conducted at a reference center for HD.

Regarding asymmetry between the right and left sides,

patients with HD also had higher 1CSA values than healthy

individuals (Figure 10), which is also in agreement with the data

reported by Frade et al. (10).

Regarding focality, that is, the difference between two sites

on the same nerve (the ulnar nerve), the highest mean, standard

deviation, and median 1TPT values were obtained for the HD

group (HD: 2.3 ± 3.9 mm2/HV: 1.0 ± 0.8 mm2; median 1.0

mm2) (Figure 11). These changes characterize the neuropathy

of HD as hypertrophic, asymmetrical, and focal, findings which

confirm the data reported by Frade et al. (10) and Pottecher

et al. (30).

Klauser et al. (31), Klauser et al. (32), and Miyamoto

et al. (33) have reported that thickening of the median nerve

in cases confirmed as having carpal tunnel syndrome occurs

inside the tunnel. Nagappa et al. (34) recently showed that the

thickening 2 cm proximal of the carpal tunnel for the median

nerve discriminates leprosy from the carpal tunnel syndrome

(34). The localization of neural thickening, such as in the ulnar

nerve in the cubital pretunnel, helps in the diagnosis of leprosy

neuropathy (10, 15, 19, 20, 35).

Jain et al. (20) detected at least one thickened nerve in

18/20 (90%) patients with leprosy and concluded that neural

involvement affects a larger number of nerves and various neural

TABLE 3 ROC curve table comparing the percentage of nerves with at

least one altered 1TpT (>2.5 mm2 - focality) between healthy

individuals and patients with leprosy.

Sensitivity% 95% CI Specificity% 95% CI Likelihood

ratio

>0.5000 39.77 32.83–47.15% 93.88 83.48–97.90% 6.496

>1.500 8.523 5.233–13.58% 100.0 92.73–100.0%

sites in leprosy. Considering nerves greater than the upper

normal limits to be altered (mean ± 2 SD), our data identified

altered CSAs in 157/176 (89%) cases, in agreement with Jain

et al. (20). In addition, 113 patients (64%) had altered absolute

CSA values in at least three sites of peripheral nerves, a fact that

defines leprosy neuropathy as hypertrophic.

Several laboratory tests have been studied for the diagnosis

of leprosy, such as the use of anti-PGL1, which showed lower

sensitivity than other antigens but did not affect specificity,

and a meta-analysis showed mean sensitivity of 59.1% (95% CI

50.6–671) and specificity of 91.7% (95% CI 83.9–94.9). In 78

studies, ELISA was the test predominantly investigated among

all available serological tests, with sensitivity ranging widely

from 0 to 100% and specificity ranging from 13 to 100% (36).

Peripheral nerve thickening viewed by HRUS showed

superior sensitivity and specificity for the diagnosis of HD

neuropathy. Thus, if an individual has at least two neural sites

(16.5%) defined as thickened, this finding has 76.1% sensitivity

and 87.8% specificity, with an RR of 24. When at least one

neural site (10%) of the nerves assessed shows asymmetrical
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FIGURE 9

ROC curve analysis of the percentage of altered nerves among

the nerves assessed per individual in healthy and HD groups.

FIGURE 10

ROC curve analysis of the percentages of the number of

asymmetries of the neural sites assessed per individual, which is

considered to be altered (1CSA>2.5 mm2) when comparing the

healthy and HD groups in the age range of 15 to 60 years.

thickening, sensitivity is 72.4% and specificity is 87.8%, with an

RR of 13. Regarding the 1TPT of the ulnar nerve lesion, 40%

of the patients had at least one nerve, with a difference of more

than 2.6 mm2, 39.7% sensitivity, 100% specificity, and an RR

of 6.4 times.

Also, the authors bring some tips about when screening

the patients:

• El Gency et al. (12) concluded that “a peripheral

neuropathy accompanied by neural thickening with or

FIGURE 11

ROC curve analysis of the percentage of the number of altered

1TpT (>2.5 mm2 - focality) of the neural sites assessed per

individual when comparing the healthy and leprosy groups in

the age range of 15–60 years.

without cutaneous manifestations should lead the clinician

to think about HD,” so we indicate that for patients

without sensory loss classified as glove or boot who present

islands of sensitivity alteration, the clinician could perform

ultrasound of peripheral nerves following the protocol

for leprosy.

• Every individual with clinical suspicion of leprosy plus the

clinical suspicion of neuritis (pain or shock in the nerve

path) should be evaluated by high-resolution ultrasound

following the protocol for leprosy.

• Every individual who is in contact with a patient with

leprosy should be scanned by HRUS in order to carry out

future follow-ups so that we can make an early diagnosis

when there is nerve thickening associated with some

functional loss.

There are some limitations to the study: All patients with

HD were not assessed for the Med FA (median forearm) and

CFTH (common fibular thigh), we did not compare these two

neural points between HD and HV groups, and our data did

not compare patients with HD with other neuropathies. Other

limitations may be the use of three different machines, which

may have some difference in relation to the CSA obtained on

different machines, but we tried to strictly follow the protocols

for measuring the CSA, which makes the study quite robust. All

our data collection was carried out during active patient search

campaigns in four Brazilian states; therefore, it was not carried

out in referral hospitals. Therefore, we assume that these patients

had a shorter time of disease or infection, perhaps even early;

however, it is very difficult to answer this question exactly since
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the pathophysiology and natural history of the disease in patients

with leprosy 2–5 years, according to some authors.

Conclusion

HD assessed by HRUS is established as a primary neural

disease that leads to multiple hypertrophic mononeuropathy

characterized by CSA values exceeding normal limits: Med

CT = 10.2 mm2; UT = 9.8 mm2; UPT = 9.3 mm2;

CFFH= 18.3 mm2; T= 9.6 mm2.

An individual with at least two thickened nerves assessed in

the active search campaign has a 23.1 greater chance of having

leprosy than a healthy individual.

HD neuropathy is characterized not only by an increased

CSA but also by the pattern of asymmetry (1CSA>2.5 mm2

with an RR of 13) and focality (1TPT>2.5 mm2 with an RR of

6.4) of this thickening, with high sensitivity and specificity for its

early diagnosis.

Peripheral nerve ultrasound based on the protocol for the

assessment of leprosy neuropathy (Med CT, UT, UPT, CFFH,

and T nerves) can be used as a point-of-care method for the early

diagnosis of HD neuropathy.

Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed

and the present study was approved by the Research Ethics

Committee of the University Hospital, Faculty of Medicine

of Ribeirão Preto, University of São Paulo (protocol no.

2.165.032, MH-Brasil and 92228318.1.0000.5440). Written

informed consent to participate in this study was provided by

the participants’ legal guardian/next of kin.

Author contributions

GV and MF: contributed on all stage of this study, to

conception and design of the study, performed the statistical

analysis, to manuscript revision, read, and approved the

submitted version. FF, ND, CSi, ML, JS, JB, CSa, GC, and

MD: contributed to conception and design of the study, to

data collection, obtaining, analyzing and interpreting data, and

approved the submitted version. All authors contributed to the

article and approved the submitted version.

Funding

Coordenação de Aperfeiçoamento de Pessoal de Nível

Superior - Brazil (CAPES) - Finance Code 001. National

Council for Scientific and Technological Development (CNPq).

Center of National Reference in Sanitary Dermatology

and HD - Hospital of the Medical School of Ribeirão

Preto, Ribeirão Preto, São Paulo, Brazil; the Brazilian

Health Ministry (MS/FAEPAFMRP-USP: 749145/ 2010 and

767202/2011); Oswaldo Cruz Foundation (Fiocruz) Ribeirão

Preto - TED 163/2019 - Process: No 25380.102201/2019-62/

Project Fiotec: PRES-009-FIO-20; VALE S.A. 27756/2019.

Conflict of interest

The authors declare that the research was conducted in

the absence of any commercial or financial relationships

that could be construed as a potential conflict

of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be

found online at: https://www.frontiersin.org/articles/10.3389/

fmed.2022.985252/full#supplementary-material

References

1. World Health Organization. Guidelines for the Diagnosis, Treatment and
Prevention of Leprosy. New Delhi: World Health Organization, Regional Office for
South-East Asia (2017). Licence: CC BY-NC-SA 3.0 IGO.

2. Chacha JJ, Peters L, Rivitti EA, Sotto MN, Lourenço S, Melnikov P.
Sistema nervoso periférico e pressupostos da agressão neural na hanseníase.

An Bras Dermatol. (2009) 84:495–500. doi: 10.1590/S0365-059620090005
00008

3. Alemu Belachew W, Naafs B. Position statement: LEPROSY: diagnosis,
treatment and follow-up. J Eur Acad Dermatology Venereol. (2019) 33:1205–
13. doi: 10.1111/jdv.15569

Frontiers inMedicine 13 frontiersin.org

https://doi.org/10.3389/fmed.2022.985252
https://www.frontiersin.org/articles/10.3389/fmed.2022.985252/full#supplementary-material
https://doi.org/10.1590/S0365-05962009000500008
https://doi.org/10.1111/jdv.15569
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Voltan et al. 10.3389/fmed.2022.985252

4. Scollard DM, Adams LB, Gillis TP, Krahenbuhl JL, Truman RW, Williams
DL. The continuing challenges of leprosy. Clin Microbiol Rev. (2006) 19:338–
81. doi: 10.1128/CMR.19.2.338-381.2006

5. Ebenezer GJ, Polydefkis M, Scollard DM. Mechanisms of nerve injury in
leprosy. In Scollard DM, Gillis TP, editors. International Textbook of Leprosy.
(2016). Available online at: https://m3u9w4p9.stackpathcdn.com/sites/default/
files/ITL_9_2%20FINAL.pdf

6. Garbino JA, Marques W Jr, Barreto JA, Heise CO, Rodrigues MM,
Antunes SL, et al. Primary neural leprosy: Systematic review | Hanseníase
neural primária: Revisão sistemática. Arq Neuropsiquiatr. (2013) 71:397–
404. doi: 10.1590/0004-282X20130046

7. Bernardes F Filho, Paula NA, Leite MN, Abi-Rached TLC, Vernal S, Silva
MBD, et al. Evidence of hidden leprosy in a supposedly low endemic area of Brazil.
Mem Inst Oswaldo Cruz. (2017) 112:822–8. doi: 10.1590/0074-02760170173

8. Lugão HB, Frade MAC, Marques-Jr W, Foss NT, Nogueira-Barbosa MH.
Ultrasonography of leprosy neuropathy: a longitudinal prospective study. PLoS
Negl Trop Dis. (2016) 10:1–14. doi: 10.1371/journal.pntd.0005111

9. Lugão HB, Nogueira-Barbosa MH, Marques W, Foss NT, Frade
MAC. Asymmetric nerve enlargement: a characteristic of leprosy
neuropathy demonstrated by ultrasonography. PLoS Negl Trop Dis. (2015)
9:1–11. doi: 10.1371/journal.pntd.0004276

10. Frade MA, Nogueira-Barbosa MH, Lugão HB, Furini RB, Marques Júnior
W, Foss NT. New sonographic measures of peripheral nerves: a tool for
diagnosis of peripheric nerve involvment in leprosy. Hansenol Int. (2013)
36:71. doi: 10.1590/S0074-02762013000300001

11. The Lancet Neurology. Leprosy as a neurological disease. Lancet Neurol.
(2009) 8:217. doi: 10.1016/S1474-4422(09)70026-2

12. El Gency HI, Ghanema M, Hussein SA, Almaghraby OS, Rashad W.
Peripheral neuropathy is not the end but the beginning. Lepr Rev. (2017) 88:574–
82. doi: 10.47276/lr.88.4.574

13. Van Brakel WH, Saunderson P, Shetty V, Brandsma JW, Post E, Jellema R,
et al. International workshop on neuropathology in leprosy - consensus report.
Lepr Rev. (2007) 78:416–33. doi: 10.47276/lr.78.4.416

14. Wortsman X, Jemec GBE. Dermatologic Ultrasound with Clinical and
Histologic Correlations. (2013). doi: 10.1007/978-1-4614-7184-4

15. Martinoli C, Bianchi S, Derchi LE. Ultrasonography of
peripheral nerves. Semin Ultrasound CT MRI. (2000) 21:205–
13. doi: 10.1016/S0887-2171(00)90043-X

16. Suk, Jung Im, Walker, Francis O, Cartwright MS. Ultrasound of Peripheral
Nerves. Curr Neurol Neurosci Rep. (2013) 13:1–7. doi: 10.1007/s11910-012-0328-x

17. Martinoli C, Bianchi S, Derchi LE. Ultrasonography of peripheral nerves.
Neurol Sci. (2000) 21(4 SUPPL.):205–13.

18. Lugão HB, Frade MAC, Mazzer N, Foss NT, Nogueira-Barbosa MH. Leprosy
with ulnar nerve abscess: ultrasound findings in a child. Skeletal Radiol. (2017)
46:137–40. doi: 10.1007/s00256-016-2517-1

19. Bathala L, N Krishnam V, Kumar HK, Neladimmanahally V, Nagaraju U,
KumarHM, et al. Extensive sonographic ulnar nerve enlargement above themedial
epicondyle is a characteristic sign in Hansen’s neuropathy. PLoS Negl Trop Dis.
(2017) 11:1–10. doi: 10.1371/journal.pntd.0005766

20. Jain S, Visser LH, Praveen TL, Rao PN, Surekha T, Ellanti R, et al.
High-resolution sonography : a new technique to detect nerve damage
in leprosy. PLoS Negl Trop Dis. (2009) 3:1–7. doi: 10.1371/journal.pntd.00
00498

21. Kerasnoudis A, Pitarokoili K, Behrendt V, Gold R, Yoon MS. Cross
sectional area reference values for sonography of peripheral nerves and
brachial plexus. Clin Neurophysiol. (2013) 124:1881–8. doi: 10.1016/j.clinph.2013.
03.007

22. Tagliafico A, Cadoni A, Fisci E, Bignotti B, Padua L, Martinoli C.
Reliability of side-to-side ultrasound cross-sectional area measurements of
lower extremity nerves in healthy subjects. Muscle Nerve. (2012) 46:717–
22. doi: 10.1002/mus.23417

23. Boehm J, Scheidl E, Bereczki D, Schelle T, Arányi Z. High-resolution
ultrasonography of peripheral nerves: measurements on 14 nerve segments in
56 healthy subjects and reliability assessments. Ultraschall der Medizin. (2014)
35:459–67. doi: 10.1055/s-0033-1356385

24. Grimm A, Axer H, Heiling B, Winter N. Nerve ultrasound normal values –
Readjustment of the ultrasound pattern sum score UPSS. Clin Neurophysiol. (2018)
129:1403–9. doi: 10.1016/j.clinph.2018.03.036

25. Peer S, Gruber H. Atlas of Peripheral Nerve Ultrasound 2013 With
Anatomic and MRI Correlation. Berlin; Heidelberg: Springer (2013).
doi: 10.1007/978-3-642-25594-6

26. Bignotti B, Tagliafico A, Martinoli C. Ultrasonography of
peripheral nerves: anatomy and pathology. Ultrasound Clin. (2014)
9:525–36. doi: 10.1016/j.cult.2014.03.006

27. Chen S, Wang Q, Chu T, Zheng M. Inter-observer reliability in assessment of
sensation of skin lesion and enlargement of peripheral nerves in leprosy patients.
Lepr Rev. (2006) 77:371–6. doi: 10.47276/lr.77.4.371

28. Martinoli C, Derchi LE, Bertolotto M, Gandolfo N, Bianchi S, Fiallo P,
et al. US and MR imaging of peripheral nerves in leprosy. Skeletal Radiol. (2000)
29:142–50. doi: 10.1007/s002560050584

29. Lothet EH, Bishop TJ, Walker FO, Cartwright MS. Ultrasound-derived nerve
cross-sectional area in extremes of height and weight. J Neuroimaging. (2019)
29:406–9. doi: 10.1111/jon.12590

30. Pottecher P, Flageul B, Sibileau E, Laredo JD, Bousson V. Peripheral
hypertrophic neuropathy due to leprosy: ultrasound and MR imaging findings.
Diagn Interv Imaging. (2016) 97:471–3. doi: 10.1016/j.diii.2015.09.014

31. Klauser AS, Halpern EJ, Faschingbauer R, Guerra F, Martinoli
C, Gabl MF, et al. Bifid median nerve in carpal tunnel syndrome:
assessment with US cross-sectional area measurement. Radiology. (2011)
259:808–15. doi: 10.1148/radiol.11101644

32. Klauser AS, Halpern EJ, De Zordo T, Feuchtner GM, Arora R, Gruber J et al.
Carpal tunnel syndrome assessment with US: value of additional cross-sectional
area measurements of the median nerve in patients versus healthy volunteers.
Radiology. (2009) 250:171–7. doi: 10.1148/radiol.2501080397

33. Miyamoto H, Halpern EJ, Kastlunger M, Gabl M, Arora R, Bellmann-Weiler
R, et al. Carpal tunnel syndrome: diagnosis by means of median nerve elasticity-
improved diagnostic accuracy of US with sonoelastography. Radiology. (2014)
270:481–6. doi: 10.1148/radiol.13122901

34. Nagappa M, Pujar GS, Keshavan AH, Bathala L, Jain RD, Das A, et al.
Sonographic pattern of median nerve enlargement in Hansen’s neuropathy. Acta
Neurol Scand. (2021) 144:155–60. doi: 10.1111/ane.13432

35. Visser LH, Jain S, Lokesh B, Suneetha S, Subbanna J. Morphological
changes of the epineurium in leprosy: a new finding detected by high-resolution
sonography.Muscle Nerve. (2012) 46:38–41. doi: 10.1002/mus.23269

36. Gurung P, Gomes CM, Vernal S, Leeflang MMG. Diagnostic accuracy of tests
for leprosy: a systematic review and meta-analysis. Clin Microbiol Infect. (2019)
25:1315–27. doi: 10.1016/j.cmi.2019.05.020

Frontiers inMedicine 14 frontiersin.org

https://doi.org/10.3389/fmed.2022.985252
https://doi.org/10.1128/CMR.19.2.338-381.2006
https://m3u9w4p9.stackpathcdn.com/sites/default/files/ITL_9_2%20FINAL.pdf
https://m3u9w4p9.stackpathcdn.com/sites/default/files/ITL_9_2%20FINAL.pdf
https://doi.org/10.1590/0004-282X20130046
https://doi.org/10.1590/0074-02760170173
https://doi.org/10.1371/journal.pntd.0005111
https://doi.org/10.1371/journal.pntd.0004276
https://doi.org/10.1590/S0074-02762013000300001
https://doi.org/10.1016/S1474-4422(09)70026-2
https://doi.org/10.47276/lr.88.4.574
https://doi.org/10.47276/lr.78.4.416
https://doi.org/10.1007/978-1-4614-7184-4
https://doi.org/10.1016/S0887-2171(00)90043-X
https://doi.org/10.1007/s11910-012-0328-x
https://doi.org/10.1007/s00256-016-2517-1
https://doi.org/10.1371/journal.pntd.0005766
https://doi.org/10.1371/journal.pntd.0000498
https://doi.org/10.1016/j.clinph.2013.03.007
https://doi.org/10.1002/mus.23417
https://doi.org/10.1055/s-0033-1356385
https://doi.org/10.1016/j.clinph.2018.03.036
https://doi.org/10.1007/978-3-642-25594-6
https://doi.org/10.1016/j.cult.2014.03.006
https://doi.org/10.47276/lr.77.4.371
https://doi.org/10.1007/s002560050584
https://doi.org/10.1111/jon.12590
https://doi.org/10.1016/j.diii.2015.09.014
https://doi.org/10.1148/radiol.11101644
https://doi.org/10.1148/radiol.2501080397
https://doi.org/10.1148/radiol.13122901
https://doi.org/10.1111/ane.13432
https://doi.org/10.1002/mus.23269
https://doi.org/10.1016/j.cmi.2019.05.020
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

	Point-of-care ultrasound of peripheral nerves in the diagnosis of Hansen's disease neuropathy
	Introduction
	Ethical considerations
	Casuistry
	Clinical evaluation
	Peripheral nerve echography
	Statistical analysis
	Results
	Absolute CSA values (mm2) of the peripheral nerves and their indices
	Assessment of CSA values according to gender
	Assessment of CSA values according to age range
	Comparative analysis of healthy individuals and patients with leprosy
	Analysis of the absolute number and percentage of thickened nerves per individual
	Analysis by number of asymmetrical sites per subject
	Analysis by the difference between two sites of the same nerve per individual (Focality)
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


