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Intra-observer reproducibility of the feet soles
two-point discrimination test in asymptomatic

elderly and young individuals

Reprodutibilidade intra-avaliador do teste de discriminagao de dois pontos na sola

dos pés em idosos e jovens assintomaticos

Priscila G. Franco, Roberta C. D. Bohrer, André L. F Rodacki

Abstract

Background: The first sign of plantar sensory impairment due to aging and peripheral neuropathies are manifested on the soles of
the feet and can result in postural control and balance deficits. The aim of cutaneous sensitivity tests is to assess the skin sensory
innervation density such as those of the distal segments. In some studies the two-point discrimination test (TPD) have been applied on
the soles of the feet and have proven to accurately distinguish elderly with and without falls events. However, the reproducibility of the
test still needs to be determined. Objectives: The aim of the present study was to verify the intra-observer reproducibility of the TPD test
on the soles of feet in asymptomatic elderly and young individuals. Method: The sample was composed of 21 physically active elderly
participants (675 years; 1:56+0.08 m, 65.3+13.7 kg) and 21 physically active young adults (24+3 years, 1.69+0.09 m, 54.5+9.5 kg).
The participants attended two sessions with identical experimental procedures, with an interval of 48 hours between them. The skin
sensitivity of the right foot sole was assessed using the TPD test. Intra-observer reproducibility was assessed using Bland-Altman plots.
Results: Elderly and young participants showed sensitivity variations of 0.71% and 1.53%, respectively. Conclusions: These values did
not exceed two standard deviations and the TPD test was considered as a reproducible measure for the assessment of feet cutaneous
sensitivity in asymptomatic and physically active young and elderly participants.

Keywords: proprioception; touch perception; reproducibility; physical therapy.

Resumo

Contextualizagdo: Os primeiros sinais de comprometimento sensorial plantar decorrente do envelhecimento e de neuropatias
periféricas sdo manifestados na sola dos pés e podem resultar em déficits no controle postural e no equilibrio. Os testes de
sensibilidade cutanea visam a avaliar a densidade da inervacgéao sensorial na pele e tém sido utilizados para avaliagdo de segmentos
distais. Alguns estudos tém aplicado o teste de discriminagéo de dois pontos (DDP) na sola dos pés e diferenciado idosos com e
sem histéricos de quedas, porém sua reprodutibilidade ainda precisa ser determinada. Objetivo: Verificar a reprodutibilidade intra-
avaliador do teste de DDP na sola dos pés em idosos e jovens assintomaticos. Método: Participaram do estudo 21 idosos ativos
(67+5 anos; 1,56+0,08 m; 65,3+13,7 kg) e 21 jovens ativos (24+3 anos; 1,69+0,09 m; 54,5+9,5 kg). Os participantes realizaram duas
sessdes de testes com procedimentos experimentais idénticos, com intervalo de 48 horas. Foi avaliada a sensibilidade cutanea da
sola do pé direito por meio do teste de DDP. Para avaliar a reprodutibilidade intra-avaliador, foi aplicado o teste de Bland-Altman.
Resultados: Idosos e jovens apresentaram variagoes de 0,71% e 1,53%, respectivamente. Conclusées: Esses valores ndo excedem
dois desvios-padréo, e o teste de DDP foi considerado como uma medida reprodutivel para a avaliagdo da sensibilidade cutanea
da sola dos pés de jovens e idosos fisicamente ativos.
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Introduction

Proprioceptors provide important internal and external
sensory information that are sent to the central nervous
system, where they are processed"?. Cutaneous receptors
supply information exclusively on external events, such as
the location and characterization of a touch, caress or pain,
interfering with motor actions*!. Cutaneous receptors are
found in greater amounts in the glabrous skin - skin areas
that are under higher friction and therefore, have thicker
layer and do not have hair follicles. In fact, distal areas and
glabrous skin, such as the palm of the hand and the sole
of the feet, provide significant concentration of cutaneous
receptors interacting with the environment®®.

In the upper limbs, changes of force direction are noticed
by cutaneous receptors that help with the adjustment and
control of fine motor responses’. In the lower limbs, more
specifically on the sole of the feet, the perception of pressure
contact with the ground have an important influence on
the postural control during gait®** consequently influencing
the risk of falls. Plantar cutaneous afferents are responsible
for informing the central nervous system about the limits
of posterior stability and the perception and control of the
heel during a step back®. In fact, a better plantar cutaneous
sensitivity, promoted by the use of proprioceptive insoles,
improve the postural control during disturbances of bal-
ance, lateral stability during gait and reduce the incidence of
falls*!%. Moreover, the loss of cutaneous sensitivity has been
associated with complaints of imbalance in the elderly".

Cutaneous sensitivity tests aim to evaluate the density
of sensory innervation in the skin and have been used for
the evaluation of distal segments. The nylon monofilaments
is one of the most widely used method to evaluate cutane-
ous sensitivity. Evaluations performed in lower limbs using
this methodology have demonstrated interesting results
such as the identification of an association between loss
of plantar sensitivity with complaints of imbalance in the
elderly'!. However, some studies do not report the exact area
of the sole on the foot for evaluation'". Reproducibility of
this test is considered to be good, when performed on the
back or on the sole of the foot, by the same examiner'*'.

Another method to evaluate cutaneous sensitivity of the
sole of foot is the vibration detection threshold test. The
reproducibility of this test is inversely proportional to age,
in other words, the test is less reliable when performed in
the elderly'. Additionally, this test requires a more complex
apparatus. There is also the PSSD™ (Pressure-Specified
Sensory Device), a specific device of pressure sensitivity
capable of determining thresholds of cutaneous sensitivity

with more accuracy. This method, although used in several
studies in the lower limbs, especially in individuals with dia-
betic neuropathy'”*°, demands the use of force transducers
and registration on a computer.

A classic method for determination of functional tactile
sensitivity is the two-point discrimination test (TPD) per-
formed with a rigid instrument with tips arranged in pairs
in different distances to be slightly pressed on the evaluated
area. The TPD is frequently performed together with the
monofilaments test and the perception of vibration test®*
and is included in some assessment protocols for cutaneous
sensitivity’®. Among these three methodologies, the TPD
is the only one that has not had its reproducibility tested
for evaluating the sole of the feet, although it is an easy
test for clinical use and have low cost.

During the TPD test, the evaluated individual tries to
determine if one or two tips touch the pressed area. The
smaller the distance detected between two tips, the higher
the innervation density of fibers of slow adaptation and of
cutaneous receptors functionally present in the skin*. This
test is one of the most used to evaluate the sensitivity of
the hand after surgeries and orthopedic interventions as its
results have been associated with the ability to performing
fine motor tasks®.

There are some controversies on the reproducibility of
the TPD due to the lack of standardization of the pressure
applied during the test. One way to solve this problem is
to apply a very light strength on the discriminator during
the test (10 g to 15 g), which corresponds to the strength
produced by the discriminator’s own weight. Moreover, it is
important that the pressure on both tips is applied simulta-
neously, because small differences in the time of application
may introduce errors®. There are studies on the reproduc-
ibility of the TPD in the upper limbs that indicate excellent
results®?, although one study reported that the TPD is not
reliable when assessing asymptomatic individuals®.

The first signs of plantar sensory impairment due to
aging and peripheral neuropathies are manifested on the
sole of feet. An alteration on this plantar sensory impair-
ment is associated with reduced positioning perception and
reduced production of ankle torque, resulting in postural
control and balance deficits®. In fact, TPD has been found
to be able to differentiate elderly with and without history
of falls®". However, the reproducibility of the test still needs
to be determined.

Considering that the sensory information from plantar
cutaneous receptors is indispensable for the maintenance
of balance and postural control, it becomes quite interest-
ing and relevant for a larger number of studies to evaluate
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the use of TPD in the identification of faller and non-faller
elderly individuals. Thus, the present study aims to verify
the intra-observer reproducibility of the TPD in asymptom-
atic elderly and young participants.

Method

Twenty one elderly residents of the city of Curitiba, PR,
Brazil (67+5 years; 1.56+0.08 m; 65.3=13.7 kg), frequenters
of a day center for elderly and 21 young adults (24+3 years;
1.69+0.09 m; 54.5+9.5 kg), students of physical education in
the Universidade Federal do Parand (UFPR), Curitiba, PR,
Brazil participated in the study. Fifteen of the 21 seniors
were classified as active and six as irregularly active through
the International Physical Activity Questionnaire (IPAQ).
Among the young, 11 were classified as active and ten as very
active through the same questionnaire. None of the partici-
pants reported cutaneous sensory impairments, peripheral
neuropathies or musculoskeletal complications. Diabetic
individuals were not included in the study. All participants
signed the informed consent term. The experimental pro-
cedures of this study had the approval of the Ethics in Re-
search Committee of UFPR, protocol CEP/SD 986.111.10.08;
CAAE 0063.0.091.000-10, on September 22, 2010.

Participants visited the laboratory twice, with an interval
of 48 hours. The experimental procedures were identical in the
two occasions. All participants, elderly and young, were evalu-
ated by the same examiner on the two occasions. Before the
TPD test, participants were maintained in a prone position for
a period of approximately 3 minutes in order to allow accom-
modation of plantar tissues® and to reduce possible effects of
the activities previously performed before the test that could
affect the cutaneous sensitivity.

Two-point discrimination test (TPD)

In the TPD test, the cutaneous sensitivity of the sole of
the right foot was evaluated, specifically in the area of the
first metatarsus, which corresponds to an area of greater
feet support during gait®. Heel and forefeet areas were not
evaluated due to the higher variability of the skin thickness
in these regions. A two-point discriminator was used for all
evaluations (Touch-Test TM, model NC12776, measures from
1 to 25 mm, North Coast Medical, Inc., Ireland). (Figure 1).
The discriminator was positioned perpendicular to the sole
of foot, so that the two tips touch the skin at the same time

in an antero-posterior direction and only the discrimina-
tor’s own weight was applied on the skin. Participants were
asked if one or two tips were touching the evaluated area.
Each distance between the tips was tested three times in a
random order. The distance considered for analysis was the
shortest distance guessed correctly with a minimum of two
correct guesses in three tries. The use of the discriminator
does not cause pain or discomfort and is considered to be a
valid measure of functional sensitivity on the hand. A much
wider variation is expected on the feet due to the variation
in the thickness of the subjacent tissues®.

Statistical analysis

Firstly, the data were analyzed with descriptive statistics.
Bland-Altman plots were used to evaluate the reproducibility.
Measures for which the intra-observer variation did not exceed
two standard-deviations from the mean of the two tests were
considered reproducible. All analysis were performed in the
GraphPadPrism program (GraphPad Software Inc®, version 5.0)
using a coefficient of p=0.05.

Results

Reproducibility of the TPD test was confirmed for both
groups as the variations between the two sessions did
not exceeded two standard-deviations. Elderly and young
participants showed variations in relation to the mean
between sessions of 0.71% and 1.53%, respectively, with a
mean difference in the two-point discrimination between
the measures (TPD1-TPD2) of -0.9+7.4 for elderly and
-2.7+16.9 for young participants.

Figure 2 shows the variation of the TPD test for each group.

Figure 1. Two-point discrimination test.
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Figure 2. Absolute variation of the TPD test results performed at an interval of 48h for young (A) and elderly (B) volunteers.

Discussion

Cutaneous sensitivity tests are used to detect reduced
sensory perception and to diagnose neuropathies and abnor-
malities of sensory function'®***". The TPD test is commonly
used to assess upper limbs and airways cutaneous perception
in several populations®*. Nylon monofilaments and the dia-
pason test pitch have been used most often in the sensitivity
evaluation of the lower limbs'**¥. Few studies have used the
two-point discriminator for lower limbs, specifically for the
sole of the feet'®*!.

Although most studies on the reproducibility of the TPD
test in upper limbs have demonstrated excellent results®#%,
there is some evidence that the test may not be as reliable in
asymptomatic individuals®. Studies that used this test on the
sole of the foot, despite reporting significant results, did not
present reproducibility data'®*.

The present study demonstrated that the TPD results be-
tween an interval of 48 hours have low variation (0.71% for
seniors and 1.53% for young), indicating that this measure is
quite reliable when applied to determine the cutaneous sensi-
tivity of the sole of the foot.

Despite the good reproducibility of the test, young
participants had twice the variability in the results when
compared with elderly. A study that evaluated the reproduc-
ibility of the test of cutaneous sensitivity in subjects without
impairment of the sensory system through nylon filaments
and TPD also found high variation in the results for both
methods®. It is possible that, for subjects without proprio-
ceptive impairments, small alterations in the location or in

the application of pressure cause different perceptions due
to the good sensibility.

It is possible that subjects with sensory deficits are not ca-
pable to differentiate small variations in testing methods and,
consequently, have more constant results.

It is important to note that although there are several in-
struments widely used for the evaluation of postural balance
and the prediction of falls, these tests have different focus. For
instance, there are functional tests intended at evaluating the
maintenance of balance in a global way during the performance
of daily tasks, while tests similar to the present study such as
nylon monofilaments, vibration and PSSD™ - are characteris-
tically tests of tactile sensitivity (protective or discriminative)
that are important in the cause of balance alterations.

The TPD test is an important tool for clinical evaluations,
although previous studies® have not considered the test to be
as reliable as nylon monofilaments. However, based on the re-
sults of this study, both for young and elderly participants, the
TPD test was shown to be reproducible.

Based on the present study, it is possible to conclude that
populations with full plantar cutaneous sensitivity have higher
variation of results, possibly due to the high discrimination of
small pressure variations. Nevertheless, the TPD test on the
sole of the feet was considered to have good intra-observer
reproducibility for the assessment of active young and elderly
participants.

Studies that evaluate the reliability of the TPD test to dis-
tinguish faller and non-faller elderly are still needed. Further-
more, inter-observer reproducibility testing of the TPD test are
also needed.
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