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Abstract

Leprosy is a granulomatous disease that affects the peripheral nervous system, leading to loss of thermal, tactile
and pain sensibility. Changes in plantar sensibility and proprioception caused by leprosy might affect postural
balance control. The Body Center of Pressure (COP) constitutes the neuromuscular response to changes or
accelerations of the body’s Center of Gravity and can be affected by orthopedic, neurological or rheumatic injuries.
Fifteen multibacillary (MB) and 6 paucibacilary (PB) leprosy subjects were randomly selected, as well as 11 subjects
without leprosy for the control group (GC). The MB and PB had their plantar sensibility checked by the Semmens-
Weinstein test; all groups had their COP evaluated (stabilometry) using a baropodometer, during standing position
with eyes opened and barefooted. The balance variations were measured by the displacement of the COP, as in
COP ML (medial-lateral direction) and COP AP (anterior-posterior direction) for right and left feet and total body
projection. The stabilometric analysis regarding COP AP revealed no statistically significant difference between
groups MB, PB and GC, despite the presence of impaired sensibility in all leprosy patients. The same occurred with
the COP ML. The comparison between right and left feet of MB, PB and GC did not show statistically significant
differences, although the MB group present the highest variation between the COP projection over right and left feet
There were found no consistent evidence suggesting in this study that patients with abnormal plantar sensibility
might show disparities when compared to the GC for postural balance control. This is probably due to compensatory
adjustments by the vision or ankle joint proprioception. Therefore, it was showed that the reduction on plantar
sensibility alone might not be decisive to affect the postural body balance control on leprosy patients, and further
investigation is needed.
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Abbreviations
MB: Multibacilary Leprosy Subjects; PB: Paucibacilary Leprosy
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Pressure; COP AP: Anterior to Posterior displacement of the Body
Center of Pressure; EMG: Electromyography; HCFMRP: Scholl
Hospital of Ribeirao Preto; GC: Control Group

Introduction
Leprosy is a granulomatous disease of chronic evolution caused by

the bacillus Mycobacterium leprae [1] that leads to specific
inflammation with slow evolution, affecting the peripheral nervous
system, mainly sensory fibers [2]. The World Health Organization
(WHO) estimates that there are 1 million leprosy carriers and
currently about 2-3 million people present physical disabilities due to
leprosy. According to WHO, the ideal prevalence for leprosy should be
of less than 1 case per 10,000 inhabitants. Brazil is among the countries
that have not achieved this goal, with current prevalence of 1,24 and
second only to India in total number of cases registered. Despite the

administration of medication, various degrees of physical disability
due to nerve injury and motor sensitive changes can interfere with the
social and economic life of the patients, resulting in stigma and
discrimination against them [3].

Sensibility loss and its consequences for the leprosy patient
The involvement of autonomic fibers causes alteration of glandular

functions, leading to dry skin and mucous membranes as well, and is
responsible for the loss of thermal, tactile and pain sensibility. The
damaged peripheral motor fibers are responsible for the reduction or
abolition of muscular response, paralysis or muscle atrophy [4]. The
preserved protective sensory surface (pain, heat, cold) contributes to
the regulation of mechanisms that generate vasomotor reflexes and
neuromuscular adaptive accommodation for the mechanical
protection of the feet. Consequently, the detection of protective
sensory losses becomes important to identify peripheral neuropathy,
and to avoid plantar ulcer development and eventual amputation of
lower limbs [5]. The injury of the sensory fibers is not unique to
leprosy. Other diseases such as diabetes, vascular disorders and
different neuropathies ou trauma can also generate plantar sensory
loss. However, one may find an asymmetric and punctual pattern of
insensibility, which is characteristic of leprosy.
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The Semmes-Weinstein test is widely used (SWtest) to evaluate
plantar sensibility. It consists of nylon wires of the same size and of
different diameters, with a variation of strength of 0.05g to 300g and
associated colors in this order: green 0.05 g, 0.2 g blue to violet to 2.0g,
4.0g dark red to orange to 10g, magenta and red to 300g. The loss of
protective sensation in the hands and feet is basically indicated by the
lack of response to the stimulus of the violet, blue and green filaments
[6].

Body balance and plantar sensibility impairment
The body balance maintenance is achieved by the postural control

system, and action of the sensory and motor nerves that play this role.
These are required to ensure the vertical projection of the body’s
center of gravity (CG), which is supposed to be maintained within the
base of support (polygon delimited by the lateral edges of the feet)
giving stability to the body and allowing the execution of various
transactions with its upper segments [7]. The Body Center of Pressure
(COP) constitutes the neuromuscular response to changes or
accelerations of the CG [8,9] and can be measured by Stabilometry
given by a pressure plate. This device quantifies postural oscillations
by the projection of the COP for the whole body as well as for each
foot, by generating a dithered image of the oscillations, showing an
extent area occupied by them. Several pathologies alter the behavior of
these postural oscillations, with specific patterns of amplitude and/or
frequency. Thus, the stabilometric measure could be used as a
reference for monitoring the progress of patients during their
treatment [10]. The statocinesiogram is the map of the COP in the
anterior-posterior direction (COP AP) versus COP in the medial-
lateral direction (COP ML) expressed in cm2 and cm (when
considering only isolated data for ML and AP), while the stabilogram
is the temporal series of COP in each direction: anterior-posterior and
medial-lateral expressed in cm/sec [11].

There are several studies on visual or cerebellar influences in
stabilometry [12]. However, studies that relate changes in plantar
sensibility and stabilometry are scarce. Since postural balance control
is dependent on plantar sensibility and on somatossensorial
information described by the ankle joint proximal position (through
applied pressure and stretching of the tendon and/or muscle), The loss
of cutaneous sensibility could be directly related to poor performance
for postural control in patients with leprosy, not only by protective
and proprioceptive impairment, but also because the disease may
affect only one side of the body [13]. The Ministry of Health of Brazil
initially adopted a model of classification for leprosy, designating as
paucibacillary (PB) or multibacillary (MB) patients with negative and
positive bacillus smear, respectively. This classification facilitates the
prescription of a suitable multidrug therapy (MDT) [14]. Currently,
this classification has been based only upon the number of lesions
[15].

Study regarding differences between leprosy patients analyzed the
electromyography (EMG) of MB and PB leprosy patients and found
that 20% of MB patients had unilateral neural involvement, against
48% of PB patients [16]. Taking these facts into consideration, the aim
of this study was to observe the stabilometry patters for individuals
with MB and PB leprosy, comparing these results with stabilometry
patters of individuals without leprosy.

Material and Methods

Sample
There were randomly selected 21 patients with leprosy all between

18 and 60 years, 15 MB and 6 PB already in multidrug therapy (MDT)
treatment at the Schooll Hospital of Ribeirao Preto (HCFMRP), with
independent ambulation of orthoses or protheses, and without
mechanical impairment associated with neurological disorders,
rheumatic, vascular and orthopedic diseases. This sample coincides
with another study regarding the variation in percentage of PB group
compared to MB in leprosy population [17], whereas MB is more
common than PB. There were randomly selected 11 volunteers
between 18 and 60 years for the control group (GC) without leprosy,
diabetes, or any disease that could compromise plantar sensibility or
general joint mobility.

Plantar Sensibility analysis
The plantar sensibility of MB and PB groups was measured using

the SWtest (Kit prepared by SORRI, Bauru), along with the plantar
mapping points provided by the Ministry of Health of Brasil [18]
(Figures 1A and 1B). The patients selected presented 3 or more points
of sensory loss (lack of response to the stimulus of the violet, blue and
green filaments) altogether for both feet.

Figure 1A: Semmes-Weinstein sensitivity test kit; B: Points of
investigation of abnormal sensitivity to the Semmes-Weinstein test
C: Baropodometer Footwork model during static test.

Stabilometric evaluation
The apparatus used for stabilometry evaluation in groups MB, PB

and GC was a pressure plate (Footwork, AM3 - Quart St. Anne 84220
Goult, France) with an active surface plate of 40x40x0,5 cm, and
polycarbonate coated capacitors containing 2704 calibrated pressure
sensors which detect pressure expressed in Kpa and calculate the
projection of the COP and its displacement during static analysis thus
generating the stabilometry (Figure 1C). Each subject stood barefoot
on the pressure plate for 30 seconds, motionless, with arms along the
body and looking to the horizon for the analysis of static posture. The
feet were positioned freely, according to their postural habit. The
change in balance was measured by the displacement area of the COP,
COP ML and AP COP for total body projection, and also the
projection on right and left feet.

Data analysis
The Mann-Whitney and Krukall-Wallis tests were used for the

statistical analysis.
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Results
The stabilometric analysis regarding AP oscillation revealed no

statistically significant difference (p=0,15) between groups MB, PB and
GC, despite the presence of impaired plantar sensibility on all leprosy
patients selected (Figure 2A). The same occurred with oscillations at
the ML direction (p=0,86) as shown in Figure 2B.

Figure 2A: Statocinesiogram of MB, PB and GC regarding AP
oscillation; Figure 2B: Statocinesiogram of MB, PB and GC
regarding ML oscillation.

It is worth noting that the GC presented the lowest average (0,92 cm
and sd=0,56 ) of sway at ML direction compared to MB (1,58 cm and
sd=0,58) and PB (1,75 cm and sd=0,69), but for the AP oscillation the
relationship between groups was reversed, and the GC had the highest
average of oscillation (2,89 cm and sd=1,10) while MB showed the
lowest average (2,02 cm and sd=0,76). PB presented an oscillation
average of 2,22 cm and sd=0,88.

 The stabilometric analysis regarding laterality also showed no
statistically significant differences. The comparison between
movements at AP directions between right and left feet for all groups
resulted in p=0,72 (Figure 3A). The same comparison for the
oscillations at ML directions resulted in p=0,40 (Figure 3B).

Figure 3A: comparison between right (DIR) and left (ESQ) feet for
groups MB, PB and GC for AP oscillation; Figure 3B: comparison
between right (DIR) and left (ESQ) feet for groups MB, PB and GC
for ML oscillation.

The data analysis for right and left feet separately, comparing the
MB and PB groups with the control group showed that the biggest
difference can be found within the projection of COP over the left feet,
even though the results were not statistically significant. Of those the
greatest variation occurred in the MB group (Table 1). The same table
shows the comparison within each group, whereas the MB presented
again the greatest variation.

Groups P value

MBD - MBE 0,50**

MBD – GCD 0,86

MBE – GCE 0,23*

PBD - PBE 0,79

PBD – GCD 0,73

PBE - GCE 0,52*

GCD – GCE 0,69

Table 1: Comparison between leprosy right (MBD and PBD) and left
(MBE and PBE) feet with GC right and left feet (GCD and GCE).

Discussion
Plantar peak pressures are a result of displacements of the body

center of gravity over the feet due to the adjustment of the diaphragm
moving the body to maintain balance by few millimeters on the static
position [19].

The importance of the foot to postural control is given by the
weight distribution and its corresponding floor reaction response,
through the muscular adjustments made mainly by the ankles [20].
The ankle joint usually performs the AP adjustments, while trunk
muscles, hip adductors and abductors make the necessary adjustments
for ML oscillations [21]. The displacements of COP ML and COP AP
describe the adjustments for the postural control.

The equilibrium on static position begins with the sensory system
through recognition of space and plantar support areas and continues
through transmission of information to the vestibular, motor and
central systems for postural adjustments [9]. Any failure in one of
these systems may lead to imbalance. Studies showed that by removing
one of the regulatory mechanisms of equilibrium from the control
group, the results obtained in stabilometry matched those of the
patients group with cervical injury and proprioception impairment
[21].

On this research we found no statistical evidence that patients with
abnormal plantar sensibility presented postural balance control
disparities compared to GC. Looking back to other studies alike, it can
be found that similarly, the assessment of proprioception and
anticipatory reaction to postural response in leprosy patients have no
statistically significant difference when compared to control group
[13]. However, when visual adjustments were suppressed major shifts
at the stabilometry of leprosy patients are reveled, even though this
commented study does not take into account unilateral or bilateral
sensibility impairment, or MB/PB classification.

Study with force plates in leprosy patients shows irregularities at the
distribution of plantar pressure for MB individuals with altered
sensibility, which can disrupt the equilibrium [16]. In the same study,
the author shows that MB patients have bilateral plantar sensibility
loss, whereas the PB sensory changes occur mostly unilaterally, and
without changes with respect to plantar peak pressure.

The present study revealed no statistically significant differences
between the stabilometry for right and left feet, both between groups
and inside each group. It was observed that the MB group showed the
greatest variation regarding the average values for the projection of the
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COP over the left foot oscillation when compared to the GC, and with
the projection over the right foot for the same group, contradicting the
literature researched, which demonstrates that PB are more susceptible
to variations between right and left. On the other hand, the previous
studies on this matter only took into account the distribution of
plantar peak pressures, not the COP oscillation.

Conclusion
This study showed that the impairment of plantar sensibility alone

might not be decisive to affect the postural body balance control on
leprosy patients. It is important to note that this study was conducted
as a pilot, and so the small sample collected could be an important
limitation. We believed that further research is needed with a larger
number of subjects to ensure a more reliable sample regarding
unilateral nerve damage on leprosy patients. Also, further
investigation about other mechanisms of postural control such as
vision and mobility of the subtalar joint (directly related to
proprioception) is required for MB and PB patients in order to
elucidate the real intervention of lepromatous neuropathy on the body
balance.
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