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Summary
Objectives This study sought to determine the acceptability and utility of a selfassessment tool using inflamed skin lesions as proxy indicator of nerve abnormalities;
and if nerve proximity to these skin lesions increases the risk of nerve abnormality and
deformity in leprosy.
Methods A cohort of 200 Filipino patients were monitored before and during reaction.
Using a self-assessment tool, skin lesions were independently scored by the patient and
a clinician, while the nerves were assessed by a clinical staff. Skin lesions and nerves
were scored on a 0–15 severity scale; and nerves were noted as near or distant from
the skin lesion. Skin lesions with type-1 or type-2 reactions were included.
Results A total of 314 inflamed skin lesions matched with the same number of nerves
near and distant from skin lesions were studied. There was no significant difference
(P = 0.1771) in skin lesion scores independently determined by the patient and the
clinician. Mean skin lesion score was 2 in the absence of a reaction; and 5 at the peak
of a reaction. Nerve scores remained low in the absence of a reaction, and when a
reaction occurred in the skin lesion distant from the nerve. However, nerve scores
were significantly higher when a skin lesion near the nerve became inflamed (0.24 vs
1.03; P < 0.0001). Among these skin lesions, 15% had nerve findings before the skin
reaction; 32% had both nerve and skin findings, while 53% had skin reaction without
nerve findings. At the peak of a reaction, seven new episodes of visible disability
were recorded with skin lesion and nerve scores ≥3; and all nerves involved were
located near inflamed skin lesions. No deformity was associated with nerves distant
from inflamed skin lesions. Ninety-five percent (95%) of patients considered the tool
highly acceptable, important and beneficial.
Conclusion and recommendation This study demonstrates the acceptability and
utility of a self-assessment tool using inflamed skin lesions as proxy indicator of
nerve abnormality; and that with adequate training,patients can reliably be delegated
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to monitor their own skin lesions. This study also demonstrates the higher risk of
deformity and abnormality among nerves near inflamed skin lesions.
Keywords: Self-assessment, nerve involvement, telephone helpline

Introduction
Leprosy is a disease manifested by the appearance of skin lesions with or without nerve
findings. Skin lesions have a variable clinical course, depending on various factors such
as response to treatment and lepra reaction, a common complication of leprosy which is
largely dependent on the host’s immunologic response.1–3 Lepra reactions are an immunologic
phenomenon characterized by the appearance of signs and symptoms of inflammation which
occur in over half of leprosy patients.1–4 Clinically, they are manifested by tenderness,
erythema and elevation of existing lesions (type 1) or appearance of crops of painful nodules
(type 2).1–3 These lesions may or may not be accompanied by nerve findings. Reactions often
cause symptoms that compel the patient to seek medical attention.1 However, there seems to
be a knowledge gap on how soon patients seek medical attention when lepra reaction occurs.
Since reactions put the patient at risk of nerve damage and deformities, it is important to
recognize and treat reactions promptly since early recognition and adequate medical treatment
of impending or early nerve damage may result in full restoration of nerve function.1,5–7
Unfortunately, many leprosy patients cannot afford regular clinic visits due to work, limited
resources and/or lack of awareness of manifestations and likely complications of lepra reaction.
It is therefore important to identify a simple and readily visible proxy indicator that will allow
patients to conduct home-based self-monitoring to detect early signs of nerve abnormalities
resulting in timely referral and treatment before deformities set in. One possible indicator is
the presence of an inflamed skin lesion near or along the course of a nerve. For example, the
presence of an inflamed skin lesion along the medial aspect of the right upper extremity could
mean that the right ulnar nerve underneath might be at risk of functional impairment which,
if not promptly treated, could lead to nerve damage and hand deformity.
An earlier study conducted in the same facility (the Leonard Wood Memorial Center
for Leprosy Research in Cebu, Philippines) demonstrated that lagophthalmos was the most
significant finding in ocular leprosy; and that notably 6 of 7 lagophthalmos cases occurred
among a subset of patients with facial patches, suggesting that presence of facial patches alone
denote a high-risk population.4 However, even if earlier studies demonstrate that reactions put
the patient at risk of nerve damage and deformities,1,4,5 there remains a knowledge gap on
the role of nerve proximity to an inflamed lesion as a risk factor for nerve abnormalities and
deformities in leprosy.
This study aimed to determine the feasibility and acceptability of a simple lesion assessment
tool that would empower patients to evaluate their own inflamed skin lesions as a proxy
indicator of incipient nerve damage. We believe that if patients were taught to identify inflamed
lesions, prompt referral and treatment would improve clinical outcomes, preventing deformity.
Another goal was to compare the findings of nerves located near vs nerves distant from
an inflamed lesion to determine if nerve proximity to an inflamed lesion increases the risk of
abnormalities and deformities in leprosy.
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Materials and methods
This prospective, observational cohort study was conducted in 2017–2020 at the Cebu
Skin Clinic, a well-established leprosy treatment facility of the Leonard Wood Memorial
Center for Leprosy Research (LWM) in Cebu, one of the most leprosy endemic areas in the
Philippines.8,9
This study observed skin lesions and peripheral nerves before and during reaction among
newly diagnosed leprosy patients. Skin lesions were considered ‘near’ if they were located
along the course of a nerve; and ‘distant’ if located at the opposite side or away from the course
of a nerve. Skin lesions beyond 2 cm from the course of a nerve were considered distant. For
instance, if a skin lesion were located at the medial aspect of the right arm and runs along the
course of the right ulnar nerve, the right ulnar nerve was considered ‘near’ while the left ulnar
nerve or any nerve >2 cm away from the skin lesion was considered ‘distant’.
Patients were sequentially enrolled in accordance with their date of diagnosis and satisfaction of inclusion criteria. Newly detected multibacillary (MB) and paucibacillary (PB)
patients ≥10 years old who consented for a long-term follow-up were recruited. Patients with
>5 leprosy skin lesions and/ or positive skin smears regardless of lesion count were classified
as MB; while patients with 1–5 smear negative skin lesions were classified as PB. Only patients
without pre-existing signs of reaction were recruited to allow proper assessment of the timing
of skin reactions and neuritis or nerve damage. Upon enrolment, dermatologic, neurologic and
bacteriologic examination were conducted to provide full and thorough documentation of the
disease. Patients were treated with WHO-MDT and monitoring was done monthly. Monitoring
focused on skin lesion and nerve findings before and during reaction. In particular, skin lesion
and nerve scores before reaction and at peak of reaction were analyzed and compared. The
clinical score of a skin lesion during its non-inflammatory state was used as the baseline score.
Visible deformities or grade 2 disabilities (G2Ds) were also recorded.
At monthly intervals, assessment and scoring of skin lesions were independently done by
the patient and the clinician, while nerve evaluation was independently done by another staff.
To avoid bias, blinding of findings was maintained between evaluators; and data management
and correlation was done by a third party not directly involved in data collection.
Skin lesion assessment was regularly done using a simple lesion assessment tool, the Skin
Lesion Severity Index (LSI scores; see Appendix A) using size, color, tenderness, swelling
and ulceration as parameters. Depending on the severity of manifestations, each of the five
parameters was scored 0–3 for a total score of 0–15. Nerves were also assessed using a similar
five-point parameter: sensory, motor, enlargement, tenderness, and pain (see Appendix A).
The more severe the findings, the higher the scores. The tool was translated into a simple
layman’s local dialect and patients were trained how to use the tool prior to study participation.
In addition to LSI scores, the clinician also performed global assessment on lesion severity
classified as mild, moderate or severe. Sensory evaluation was done using Semmes-Weinstein
graded monofilaments. In this study, six peripheral nerves were included—facial, ulnar, radial,
median, common peroneal and posterior tibial nerves.
Skin lesions with type-1 or type-2 reactions were included. Since reactions could occur
anytime, the use of a mobile phone exclusively dedicated as ‘patient helpline’ was enhanced
for offsite referrals and consultations once signs of reaction were noted between visits.
Supplemental to their regular clinic visits, patients who noted appearance of painful skin
lumps/ nodules or increasing erythema and swelling of lesions were instructed to notify and
visit the clinic for proper evaluation.
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Using a questionnaire in a layman’s local dialect, a survey of patient’s satisfaction of the
self-monitoring tool was conducted at the start and upon completion of the study.
The clinical tools
The Skin Lesion Severity Index (LSI) is the outcome of consultative discussions with patients
and field workers who expressed the need for a simple monitoring tool to alert them of any
nerve abnormality requiring prompt referral and medical attention. Since they find nerve
function assessment (NFA) difficult to interpret and perform at home and field settings, the
need for a readily visible proxy monitor for nerve abnormalities was recognized. Consequently,
the potential utility of an inflamed skin lesion along the course of a nerve as proxy monitor
was considered. In consultation with clinical experts, the LSI was developed.
The LSI uses 5 parameters - size, color, swelling, tenderness, and the presence of skin
breaks or ulceration. Each parameter was scored 0,1, 2 and 3 for normal, mild, moderate,
severe manifestations. Scores were added together for a total of 0–15 (see Appendix A). Instead
of lesion number, skin lesion size was used because small skin lesions have the tendency to
coalesce during reaction (particularly type 1) so that one big skin lesion in one patient might
be equivalent to multiple skin lesions in another patient. If there were multiple inflamed skin
lesions along the course of a nerve, the combined size of skin lesions was approximated and
scored.
The Nerve Severity Index (NSI) used size, tenderness, pain, motor and sensory function
as parameters. Each parameter was scored 0,1, 2 and 3 respectively. The scores were added
for a total of 0–15. NSI is a simplified nerve function assessment (NFA) supplemented with
severity scores to correlate with lesion scores. Nerve and skin lesion scores were correlated to
determine if skin findings would proportionately reflect nerve findings.
The severity scales were reviewed by 3 committees-Leprosy Research Initiative (LRI)
Steering Committee; LRI Independent Reviewers; and LWM’s-IERB (Institutional Ethical
& Regulatory Board) embodied by senior medical experts and regulators; and persons with
leprosy.
These clinical tools have not been used previously. However, our many years of experience
and observation of the high concordance between skin and nerve findings during reaction,
along with the growing need for patient inclusion and empowerment through self-monitoring,
served as our springboard in developing the tools and in pursuing this feasibility and acceptability study among our patients.
EVALUATI O N O F IN FL AM ED SKI N LESIONS

Inflamed skin lesions with type-1 or type-2 reactions were included. Regardless of morphology
and reaction type, all skin lesions along the course of a nerve were evaluated and scaled.
However, patients were only required to identify and scale skin lesions without classifying its
morphologic presentation and reaction type. For further reference however, severity scaling
and reaction type classification were independently performed by the clinician during clinic
visits.
TR EATI NG RE ACTIO N S

Patients showing signs of reaction were managed using conventional treatment such as
prednisolone and clofazimine. Treatment for reactions was based on clinical experience and
real time assessment of each patient. Treatment was prednisolone at 0.5–1 mg/kg/day, tapered
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at increments of 5 mg every 2 weeks depending on the patient’s clinical response to current
doses. For ENL, because thalidomide is not available in the Philippines, the same prednisolone
regimen was given. Clofazimine was added for severe and debilitating reactions. The dose
started at 200–300 mg/day tapered at increments of 50 mg every 2–4 weeks depending on
clinical response to current doses.
To reduce the likelihood of masking a possible neuritis, skin reactions without nerve
impairment were not treated with steroids unless lesions worsened by at least 20% resulting
in personal or social dysfunction; or if lesions were accompanied by nerve or systemic signs
and symptoms beyond one week of supportive medication. However, severe neuritis with or
without skin reaction was immediately treated with steroids. In all instances, steroids were only
initiated after full dermatologic and neurologic assessment were performed and recorded.
Likewise, a survey questionnaire on patient’s perception and acceptability of the selfassessment tool was conducted before and after study completion.
PATI EN TS ’ TRA I N I NG

Patients’ training activities were conducted at the Leonard Wood Memorial Center for Leprosy
Research (LWM) Skin & Leprosy Clinic, a leprosy training facility in Cebu (Philippines)
where this study was conducted. Training methodologies include the following:
(1)

(2)
(3)

(4)

Lectures and orientation using a layman’s local dialect. Patients were provided basic
information about leprosy including the cause, manifestations and risks associated with
reactions.
Clinical pictures of skin lesions with or without reaction were shown. Then actual
patients with or without lepra reaction were demonstrated.
Closely supervised hands-on tool application using actual skin lesions of leprosy patients
with or without reaction was conducted. Examples of mild, moderate and severe manifestations of skin reaction were demonstrated using clinical slides and actual patients.
Proper identification and scaling of non-inflamed and inflamed skin lesions taken 3
successive times was required to satisfactorily complete the training.

Depending on educational background, it took 1–3 sessions lasting 45–60 min/session for
the patients to complete the training and master the skill required. This was in addition to an
initial 15-min lecture and orientation before patients were dispersed for individual training
sessions.
PR E CAU TI ONARY MEA SUR E S

Precautions were taken to avoid untoward incidents in case patients failed to identify inflamed
lesions:
(1)
(2)
(3)
(4)

Only patients adequately trained to identify and scale inflamed skin lesions were
included.
Monthly clinic visits were made mandatory.
A 24/7 patient helpline for offsite consultation and monitoring was maintained. A mobile
phone manned by experienced health staff was dedicated for this purpose.
Other virtual platforms (e.g. a facebook page) for offsite consultations and referrals were
created.
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(5)

A well-trained field-surveillance team equipped with a field vehicle (mobile clinic) was
dedicated for home visits of patients who missed their clinic visits and/or were at risk of
deformities and other complications.

STATI STI CA L CA LCU LAT IO N S

Power calculations were performed under the following assumptions: Each patient was
expected to have an average of 3 skin lesions along the course of a peripheral nerve. For over
50% of the patients, these skin lesions would get inflamed during the observation period.1–4
By recruiting 200 patients, we expected to measure at least 300 nerves ‘near’ and 300 nerves
‘distant’ from inflamed skin lesions. Based on these assumptions, we would have 99% power
to detect a difference between inflamed and non-inflamed skin lesions; and between nerves
near and distant from inflamed vs non-inflamed skin lesions. Independent two-sample T test,
paired-sample T test; and P values were used as inferential stats to determine the difference
between mean cohort values. Statistics analysis was done using Epi Info 7.
ET HI CAL APP ROVAL

Written approval of the Institutional Ethical Regulatory Committee was secured (IERC
#2017-01-001). Throughout the study, all clinical procedures were carried out in an ethical
manner in accordance with guidelines of IERC and Good Medical Practice (GMP). An IERB
reviewed and approved informed written consent was secured from each patient prior to study
participation. For minor participants (below 18 years old), informed consent signed by both
the patient and the parent/guardian was obtained.
Results
CA S E D EM OGR APH ICS

Skin lesions and nerves were initially studied in 200 patients sequentially detected and
monitored at the LWM Clinic. Among them, half, or 109 patients, 91% of whom were MB
cases, developed a reaction. These patients had their nerves and lesions evaluated, scored and
compared before and during reaction. Among these cases, 314 inflamed skin lesions and nerve
pairs were closely monitored and studied.
Demographically, the mean age of participants was 35 years and the male to female ratio
was 2:1. Bacteriologically, at the start of the trial, 24% had low ABI (<3); while 76% had high
ABI (≥3). Among the patients, 16% had only one lesion along the course of a nerve; 19% had
two lesions; and 65% had three or more lesions located along the course of a nerve.
As to educational background, 10% were highly educated (college level); 85% were
moderately educated (high school); and 5% were less educated (primary level). All patients
belonged to the lower socio-economic status.
CL I NI CAL PRO FI L E O F IN FLA ME D SKIN LESIONS

Among 600 skin lesions initially monitored, 314 became inflamed. Of those inflamed, 56%
(175) were type-1 and 44% (139) were type-2. Inflamed skin lesions were closely monitored
together with their nerve pairs (distant vs near) of which the functional status were compared
relevant to their proximity to the skin lesions (see Tables 1–6).
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Table 1. Nerve and skin manifestations during reaction (N: 314). During reaction, the earliest and most common
skin manifestations were swelling and redness; while most common nerve findings were sensory and motor
impairment, mostly mild
Skin findings

No.

Percent

Nerve findings

No.

Percent

Swelling
Erythema
Tenderness
Fissures/Ulcer

261
167
108
92

83%
53%
34%
29%

Sensory
Motor
Enlargement
Tenderness
Pain

107
105
58
56
54

34%
33%
18%
18%
17%

Table 2. Increase in skin lesion and nerve scores during reaction. There was a corresponding increase in both skin
lesion and nerve scores during reaction. Clinical scores were more pronounced in type-1 compared to type-2
reaction (P < 0.0001)
Parameter

Before reaction N: 314

During reaction N: 314

Remarks

Lesion score: Mean
(95% CI)
Max

1.94
(1.94 ± 0.10)
6

4.99*
(4.99 ± 0.28)
15

P < 0.0001
T value = 32.3

Nerve Score: Mean
(95% CI)
Max

0.24
(0.24 ± 0.07)
3

1.03**
(1.03 ± 0.15)
6

P < 0.0001
T value = 14.9

∗ Mean lesion score was 5.1 for type-1 vs 4.8 for type-2 reaction (P < 0.0001), ∗∗ Mean nerve score was 1.1 for

type-1 vs 0.9 for type-2 reaction (P < 0.0001).
Table 3. Nerve abnormalities before and during reaction. A subset of cases (15%) had pre-existing nerve
abnormalities preceding skin reaction while the rest of nerve abnormalities coexisted with skin reaction
Nerves near inflamed lesion
Before skin reaction
Total = 314
(Type-1 = 175)
(Type-2 = 139)

15.3%
(8.6)
(6.7)

Rate of nerve abnormalities
Start of skin reaction
24.2%
(14.9)
(9.3)

Peak of skin reaction
47.0%
(27.7)
(19.3)

Table 4. Nerve proximity to inflamed lesions as risk factor of nerve abnormality. Nerve scores remained low in the
absence of a reaction, and when a reaction occurred in the skin lesion ‘distant’ from the nerves. However, nerve
scores were significantly higher when a skin lesion ‘near’ the nerve became inflamed (P < 0.0001)

Before reaction

Nerve scores
During reaction

0.003
(0.003 ± 0.006)

0.05
(0.05 ± 0.02)

P < 0.0001;
T value = 4.1

0.24
(0.24 ± 0.07)

1.03
(1.03 ± 0.15)

P < 0.0001;
T value = 14.9

P = <0.0001
T value = 6.60

P = <0.0001
T value = 12.6

Nerves
Distant from lesion mean score
(95% CI)
Near the lesion mean score
(95% CI)
P value
T test

392

M. F. Balagon et al.

Table 5. Clinical Scores of 6 Peripheral Nerves. Among the six peripheral nerves, although ulnar nerve had the
highest nerve score (95% CI: 1.7 + 0.48), skin lesions located along the course of the posterior tibial nerve had the
highest severity score (mean: 5.5) and highest proportion with associated visible deformities (5 of 54 or 9%)
Nerves near inflamed lesions
Ulnar
C Peroneal
Post tibial
Radial
Facial
Median
Total

No

Lesion score*
Mean

Nerve score
95% CI Max

G2Ds

Mean

5.2
5.2
5.5
4.9
4.9
4.1

1.7
1.1
1.0
0.9
0.8
0.7

1.7 ±
1.1 ±
1.0 ±
0.9 ±
0.8 ±
0.7 ±

None
None
P. ulcer: 5 cases
None
Lagoph: 2 cases
None

55
56
54
59
49
41
314

0.487
0.395
0.366
0.264
0.293
0.263

∗ Lesion score refers to the score of the lesion near or running along the course of the nerve.

Table 6. Deformities (n = 7). At peak of reaction, seven G2Ds were recorded. All 7 nerves associated with visible
deformities were located ‘near’ inflamed skin lesions. None of the nerves located ‘distant’ from inflamed skin lesions
was associated with visible deformities. Due to prompt referral and intervention, better clinical outcomes were
attained. All cases who developed deformities had a lesion and nerve score of >3
Deformity
Lagophthalmos
Lagophthalmos
Plantar ulcer
Plantar ulcer
Plantar ulcer
Plantar ulcer
Plantar ulcer

Nerve distance to
lesion

Rxn
type

Lesion
score

Nerve
score

Clinical outcome of
G2D (post-steroid tx)

Lep
type

Near
Near
Near
Near
Near
Near
Near

1
1
2
2
2
2
1

8
7
3
7
3
15
6

3
3
3
3
3
6
4

Full recovery
Partial recovery (90%)
Full recovery
Full recovery
Full recovery
Full recovery
Full recovery

MB
MB
MB
MB
MB
MB
MB

Remarks

All
G2Ds
occured
during
MDT

∗ Clinical Outcome = 90%–100% improvement was achieved; with lesion scores back to a maximum of 2 and nerve

scores to a maximum of 1. Mean time to referral and intervention was 2 weeks.
RO LE OF G EN DE R AN D E D U CATI ONAL STATUS ON PAT IE NT S ’ AB I L I T Y T O S E L F - E VAL UAT E S KI N L ES I O NS

During the study, based on gender and educational background, there was no significant
difference in the patients’ ability to recognize and scale the lesions. This was attributed to
prior training and translation of the clinical tool into a layman’s local dialect.
However, during training, a slight difference was observed. It took longer for less educated
patients to complete the training. However, as training progressed and self -evaluation became
repetitive, patients gradually mastered the skill to recognize and scale inflamed skin lesions
so that during the study, all participants could comparably and reliably be delegated to selfevaluate their skin lesions, regardless of educational background.
FE A SI B I LI T Y, ACCE PTAB ILI T Y A ND PATIENT RE L IABI L IT Y

The use of the self-assessment tool was feasible and highly acceptable among patients.
Most patients considered the tool highly acceptable (user-friendly), important and beneficial
(Yes, a lot = 95%; Yes, a little = 5%). These findings were maintained through study
completion.
Furthermore, our findings suggest that with proper orientation and training, patients can
reliably be delegated to evaluate their own lesions.In this study, patient score readings were
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Table 7. Concordance of clinician and patients’ lesion severity readings. The patient’s skin lesion severity
assessment was comparable with that of the clinician both at baseline and during reaction (95% CI: 4.99 + 0.28 vs
5.14 + 0.23; P = 0.177)
Before reaction
Lesion scores

Evaluator
Clinician
Patient

Mean 95% CI
1.85 (1.85 ± 0.08)
1.94 (1.94 ± 0.10)

P = 0.177
T value = 1.34

During reaction
Lesion scores
Mean 95% CI
5.14 (5.14 ± 0.23)
4.99 (4.99 ± 0.28)

P = 0.177
T value = 1.35

comparable with that of the clinician as shown in Table 7. Likewise, using an LSI 5-point
score interval for mild, moderate and severe manifestations, its concordance with physician’s
global assessment on lesion severity was 95.4%.
BAC TER I OL OGI C I N D EX

Severity of skin and nerve findings showed no significant difference between high BI and low
BI cases (lesion Scores = 95% CI: 4.94 ± 0.42 vs 5.01 ± 0.35; P = 0.83) (nerve Scores = 95%
CI 0.88 ± 0.29 vs 1.09 ± 0.17; P = 0.23).
ST ERO ID TRE ATM E N T

To reduce the likelihood of masking a possible neuritis, skin reactions without nerve impairment were not treated with steroids unless for ethical reasons, skin lesions worsened by at
least 20% resulting in personal or social dysfunction; or if skin lesions were accompanied by
persistent nerve or systemic signs and symptoms beyond one week of supportive medication.
However, severe neuritis with or without skin reaction were immediately treated with steroids.
Based on these treatment criteria, 15 were treated with steroids due to neuritis and the rest
due to worsening of skin and systemic manifestations unresponsive to palliative treatment. All
cases combined, a total 58 of 109 patients with lepra reaction qualified for steroid medication
and clinically improved. These patients represented 171 of 314 inflamed lesions included in
the study.
In all instances however, steroids were only initiated after full dermatologic and neurologic
assessment were performed and clinical scores were recorded for analyses.
TH E PATI ENT H ELPLI NE

Forty-five patients used the mobile phone patient helpline, mostly for their lepra reactions,
while a few used it for counseling and clinic appointment. The average number of calls
by these 45 patients was five during the course of the study. Due to work, geographic and
resource limitation, the helpline was very important in facilitating prompt referral and timely
intervention of adverse events resulting in better treatment and clinical outcomes.
Discussion
FE AS I BI LI T Y, AC CEPTA BI LIT Y, PATIENT RELIABI L I T Y

Most patients considered the tool highly acceptable (user-friendly), important and beneficial.
These findings were maintained through study completion. The tool was introduced to the
patients with ease, without logistic or ethical issues.Furthermore, our findings suggest that
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with proper orientation and training, patients can reliably be delegated to evaluate their own
skin lesions. In this study, patient’s skin lesion severity assessment was comparable with that
of the clinician. Furthermore, using an LSI 5-point score interval for mild, moderate and severe
manifestations, its concordance with the physician’s global assessment on lesion severity was
95.4%.
These findings are very encouraging because it would mean that the self-monitoring tool
could easily be introduced to our target end-users; and would likely improve a patient’s healthseeking behavior since they will be trained, empowered and actively involved in the monitoring
of their own skin lesions.
CL I NI CA L S COR E S A N D O B SERVATIONS DURING RE ACT I ON

During reaction, there was a corresponding increase in both skin lesion and nerve scores
particularly at peak of reaction. The mean skin lesion score was 1.94 in the absence of a
reaction (95% CI: 1.84–2.04); and 4.99 at peak of reaction (95% CI: 4.71–5.27). In this
cohort, the earliest and most common skin signs of reaction were swelling and redness of
previously pale and flat lesions. These findings underscore the importance of heightened
vigilance over these early, easy to detect skin manifestations of reaction which require prompt
referral.
IM PO RTA NCE O F C LO SE MO N ITO RING OF NERV E S UNDE RNE AT H S K I N L E S I O N S

Although this study underscores the importance of close monitoring of nerves near or
underneath ‘inflamed’ lesions, regular monitoring of nerves near or underneath ‘non-inflamed’
lesions also need attention. This was supported by our observation in 15% of cases with
nerve findings preceding skin reaction. These abnormalities could have silently progressed
to nerve damage and gross deformities without visible skin signs of an incipient nerve damage
underneath.
DE FO R MI TI E S ASSOC IAT E D WI TH NERVES NEAR /B E NE AT H I NFL A M E D L E S I O N S

There were seven visible deformities recorded, 2 cases of lagophthalmos and 5 of plantar
ulcer. Nerves involved were located near or underneath inflamed skin lesions. However, due
to prompt self-referral, deformities were detected and reported early, were clinically mild and
were resolved or significantly improved within a few weeks of prompt medical intervention.
The mean time from onset to referral for medical intervention was 2 weeks.
Onset of visible deformities was observed at the peak of reaction with nerve scores ≥3 (max:
6) and lesion scores ≥3 (max: 15). Due to prompt referral however, timely intervention was
initiated. This resulted in better treatment outcomes with 90%–100% clinical improvement as
lesion scores reduced to a maximum of 2 and nerve scores to a maximum of 1.
In contrast, no deformity associated with nerves distant from inflamed lesions was reported.
RAT E OF D EF O RM IT IES I NCR E ASED AS LESION S CORE S INC RE A S E D

Among 314 skin lesions, 50 had a lesion score <3 and none developed deformity; while 264 had
a lesion score ≥3 and 7 (2.7%) developed gross deformities. The rate of deformities increased
as skin lesion scores increased. Although clinical scores were significantly higher in type-1
reaction, the rate of deformities was higher in type-2 reaction (1.7% vs 2.9%).
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It is also noteworthy that among six nerves reviewed, the posterior tibial nerve got the
highest lesion score which corresponds to its high rate of deformities (5 of 54 or 9%). This
further supports our hypothesis in the utility of inflamed lesions as proxy indicator of nerve
abnormalities in leprosy.
NE RV E P ROXI M I T Y T O IN FLA ME D LESIONS AS R IS K FACT OR OF N E RV E A B NO R M A L IT Y A ND D EF OR MIT Y

Our findings suggest that the clinical score at risk of deformity is ≥3, particularly if skin lesions
near or along the course of a nerve were inflamed.
In this study, nerve scores remained low in the absence of a reaction, and when a reaction
occurred in the lesion ‘distant’ from the nerve (95% CI: 0.05 ± 0.02). However, nerve score
was significantly higher when the skin lesion ‘near’ the nerve became inflamed (95% CI: 1.03
± 0.15); (P = <0.0001; T = 12.6). These findings suggest higher risk of abnormalities among
nerves located near or underneath inflamed skin lesions.
RELE VANC E A ND FIE L D A PPLICAB ILIT Y OF THE S E L F -M ONIT OR ING T O O L

Findings in this study will hopefully guide our health workers in maximizing their limited
resources by streamlining their case priorities among patients at risk—that is, patients with
inflamed skin lesions along the course of a nerve may need more attention than the rest of the
patient population. For instance, in a cohort of 100 patients, the clinician has now the option
of safely delegating the monitoring of 80 low risk cases so that the 20 high risk cases can
be more efficiently be closely monitored. This targeted streamlined approach, combined with
patient inclusion and empowerment is crucial in the timely referral of reactions so that timely
intervention is initiated and deformity prevented.
Correspondingly, the use of the ‘self-assessment’ tool could promote patient inclusion and
improve a patient’s health-seeking behavior through greater involvement and empowerment to
monitor his lesions.
W EA KN ESS ES OF T H E ST U DY

This acceptability and feasibility study used clinical tools which are not yet validated.
Moreover, since the lesion monitoring tool is intended for patient use, it is generic and nonspecific by reaction type. However, since study outcomes are encouraging, a tool validation
study is planned.
Conclusions and recommendations
This study demonstrates the feasibility and patient acceptability of a skin lesion selfassessment tool and that our patients can reliably be delegated to evaluate their own skin lesions
resulting in prompt referral and timely intervention. Furthermore, our findings demonstrate the
potential role of an inflamed skin lesion as proxy indicator of nerve abnormality; and the higher
risk of abnormalities among nerves near inflamed skin lesions.
Likewise, it would be helpful to evaluate the tool’s field applicability and acceptability
among health workers and broadly translate positive findings into routine practice through
collaborative efforts with field partners. Further studies in the feasibility and cost-efficiency
of translating the tool into an app-assisted system for offsite consults and referrals is recommended.
Furthermore, since study outcomes are promising, a tool validation study is recommended.
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Appendix A. Assessment tools
Table A1. Skin lesion self-monitoring tool (skin lesion severity index; LSI) total score: 0–15
Lesion
score

Score
(0–3)

0

1

2

3

Size

Very small
(≤25 mm)

Small
(>25–50 mm)

Average
(>50–75 mm)

Large (>75 mm)

Surface

No fissure/skin
break

Mild fissure/skin
break

Moderate
fissure/skin break

Severe fissure/skin
break; ulceration

Color

Whitish, pale or
brown

Pinkish

Light red

Dark red; very red

Swelling
(Edema)

No swelling

Slight swelling

Moderate
swelling

Significant
swelling

Tenderness

Non-tender/no
discomfort

Slight tenderness/discomfort

Moderate tenderness/discomfort

Very tender/uncomfortable;
patient withdraws
from light touch

Total score

Table A2. Nerve evaluation (Nerve severity index; NSI) total score: 0–15
Nerve score

0

1

2

3

Nerve size

Normal

Slightly enlarged

Moderately
enlarged

Significantly
enlarged

Nerve
tenderness

Non-tender

Slightly tender;
tender on deep
palpation

Moderately
tender; tender on
light palpation

Significantly tender;
patient withdraws
from light palpation
or touch

Nerve Pain

No pain

Pain during
activities

Pain at rest

Pain disturbs sleep

Sensory

Normal

Misreference

Hyposthetic

Anesthetic

Motor
function

Full movement
with strong
resistance

Full movement
with slight
resistance

Weak; full or
incomplete
movement with
no resistance

No movement or
paralysis

Total score

Score
(0–3)

