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Abstract: Two  Point  Discrimination  test  is  notorious  for  their  unexplained  variations  within 
subjects, between subjects, and between studies. This paper presents a systematic study of these 
variations  and proposes a  simple design to  control  the variations,  thereby improving the TPD 
measurement  accuracies.  In  the  proposed  Isobaric  Aesthesiometer,  monofilaments  are  used 
replacing the rigid prongs in a handheld aesthesiometer. Compared to the force variation (0 to  
500g) in the normal aesthesiometer with rigid prongs which approximately follows the second-
order system, the force variations in the isobaric aesthesiometer is found to be nearly constant  
within a tight tolerance. Although the proposed handheld instrument could be used in controlling 
forces applied in a TPD measurement, unless a standard protocol is developed for measuring the 
TPD, the variation cannot be controlled even with this device 
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1 Introduction

The Two-Point Discrimination (TPD) test originated from Weber [1] is one of the 
most frequently used tests for the clinical assessment of the somatosensory system. It is 
defined as the minimum separation between two stimuli placed on the skin that can be 
perceived as two separate points. Its wide spread use is due to the simplicity of the test; it  
does not require any fancy equipment, just a paper clip may be enough, and it is easily 
portable and provides immediate information about the sensory system. However, there 
is  enormous  and  implausible  variability  in  the  TPD  measurements.  Long  clinical 
experience of TPD testing, especially in patients with major nerve injuries, verifies the 
persistence of the same problems that plagued the original investigators of the TPD test  
[2,3], i.e. unexplained variations within subjects, between subjects, and between studies 
[4]. No systematic study of these variations has been reported in literature so far. In this 
paper we attempt to reason out for the variation and a simple method to control  the 
variation, thereby improving the TPD measurement accuracies.

There could be two reasons for the variations. First is the variation of the stimulus 
itself at the stimulated site of the skin due to the manual test. It might be difficult for the  
conventional manual method of TPD to provide two-point stimulation identically at each 
time, since the receptive fields of skin receptors would easily vary with how a stimulus 
probe contacts the skin [5]. Second, the preceding two-point stimulus, as the conditioning 
stimulus, could affect the cognitive response to the target stimulus. In addition to the 
effects of those factors, the response to the stimulus around true TPD threshold might 
result  alternate  judgments.  Our  focus  in  this  paper  is  to  address  the  first  reason: 
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controlling the variation of the stimulus itself. 
TPD is usually measured using a paper clip or handheld aesthesiometers, modified 

vernier calipers. The problems with the repeatability of force in all handheld instruments 
for TPD testing have been extensively investigated and described [6,7]. Spectral analysis 
of the force produced by hand held sensibility measurement instruments shows they all 
produce both  high and low frequency signals  sufficient  in  strength to  stimulate  both 
slowly adapting and quickly adapting end organs, and are not capable of stimulating one 
particular group. These dynamic properties of testing stimuli explain why our tests are 
not as repeatable and sensitive as desired. The understanding of these dynamic properties  
in  sensibility  measurement  is  a  key  for  improved  instruments  and  more  repeatable 
findings in clinical testing [7]. There are at least two suggested procedures regarding the 
pressure applied during TPD testing; The first is that the application force should be very 
light,  10  to  15  g,  which  corresponds  with  the  force  producing  the  very  first  small 
‘‘blanching’’  around the  prongs  [8,9].  Another  described  method is;  ‘‘Just  sufficient 
pressure is utilized for the subject to appreciate the stimulus’’ [10]. 

Apparently there is a lack of standardization of the technique of TPD assessment, and 
the test is probably performed in different ways by different clinicians. This is a striking 
and very serious problem since the TPD test is so frequently used to compare different  
repair techniques.  Probably the most common mistake with TPD testing is to apply too  
much pressure, which can completely change the result: more pressure will bring more 
receptors into the field of stimulation and cause more deformation on the skin [11,12].  
Movement of skin by the patient can influence the result, and it may be tempting to apply 
sufficient  pressure  to  provoke  a  result,  with  the  risk  of  including  non-denervated 
receptors in adjacent skin territories. 

Dellon has presented an elegant solution to the pressure problem associated with TPD 
measurement  by  introducing  computerized  equipment  which  applies  a  standardized 
pressure [13-17]. Such sophisticated equipment may be very useful in a laboratory setting 
for diagnostic purposes in various types of neuropathies, but is difficult to use in routine 
clinical  practice.  In  this  paper  we  present  a  very  simple  technique  for  applying  a 
standardized pressure without  the use  of  sophisticated  computer,  and still  be  able  to  
control the variability associated with handheld instruments, to some extent. We have 
published elsewhere  our work in  understanding the variability  of  TPD over different 
body sites,  and  diseased  conditions,  specifically  with  Diabetic  Mellitus  [18,19].  The 
scope  of  this  paper  is  to  analyze  and  control  the  variability  of  forces  in  a  TPD 
measurement at the same anatomical site, across patients, and across observers.

2 Analysis of force variations in TPD measurement

      Various extrinsic and intrinsic factors influence the variability of TPD measurements. 
Extrinsic factors include the testing procedure adopted (e. g., the number and location of 
testing  sites,  on  which  little  evidence  and  no  consensus  exist)  [20].  Clearly,  some 
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extrinsic factors remain difficult or impossible to measure, such as the variability of the 
subject’s response. However, the intrinsic factors can and should be addressed. In this 
paper we mainly focus on the intrinsic parameters for controlling the variability.
      Unequivocally any hand-held instruments produce variations in application force 
from one stimulation to another, one instrument to another, and from one examiner to 
another.  These  variations  of  application  force  cannot  be  compensated for  by care  in 
technique and need to be controlled for measurement reliability.

Figure 1  Measurement of TPD involves inherent hand movements of observers mostly in XY 
plane.

      The lack of a standardized procedure to perform TPD test is also problematic; for 
example  should  the  test  start  with  smallest  or  the  widest  distance,  and  how  many 
applications should be used? Omer and Bell-Krotoski [21] suggest 3 times, and Moberg 
[9] suggests 10 times. The importance of blunted ends on the testing instrument to ensure 
that touch and not pain is assessed has been emphasized [10]. The examination is usually 
performed using an unfolded paper clip or a Disk-CriminatorTM (Post Office box 16392, 
Baltimore, MD 21210). 
     The variation in the terminal probe shape and area has been investigated by author 
[22], accounting for the instrument to instrument variation. They conclude that spherical 
probes give the largest variation in two-point discrimination while pointed end probes 
provide the least variation. Different terminal probes will produce different recruitment 
of the sensory end organs in the hand, and strongly suggests the need for standardization 
of TPD measurement itself.
     Measurement of TPD involves inherent hand movements of observers mostly in XY 
plane, as shown in figure 1. This planar movement includes both transverse movements 
and rotation about  Z axis.  It  is  important that  the two pressure points  are applied at 
exactly the same time. Even a very small time difference in application may introduce a 
critical  error.  However,  due  to  rotational  movements  one  point  might  apply  more 
pressure than the other. The patient may easily discriminate in time between two non-
synchronous  pressure  applications,  thus  detecting  more  than  one pressure  point  with 
factors related to time-dynamics in application rather than spatial orientation. The human 
upper extreme’s dominant mode of movement during TPD measurement is extension and 
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flexion of the wrist joint, which creates motion along the axis of the aesthesiometer. In a 
typical aesthesiometer grasp, the hand can be approximated as a rigid body that pivots  
around  a  two-degree-of-freedom  revolute  joint  in  the  wrist,  ignoring  up-down 
movements, as shown in figure 2. For a normal range of frequencies up to 30Hz spectral  
analysis indicates that the passive human wrist holding a stylus behaves like a second-
order LTI system, as described by the following equation for a translational motion:

                                                                    
                                                                                (1) 

where F is the applied aesthesiometer force on an anatomical location, m is the effective 
end-point  mass,  b  damping, k stiffness  of  the observers  hand,  and the corresponding 
equation for a rotational motion is:

  (2)

where J is the wrist’s rotational inertia, B, the damping co-efficient, k the stiffness, all are 
related to the translational parameters by R2, the square of the distance from the wrist 
joint to each prong in the aesthesiometer. 

Time response of the wrist for an input pulse of short duration and high magnitude has  
been found to be well  predicted by the second-order model identified for the subject 
using  frequency  domain  analysis.  This  is  true  for  first  50ms  after  the  pulse  input; 
however,  the  muscle  reflex  come into  play  after  50ms  and  small  amplitude  motion 
dissipates quickly.

Figure 2 Typical aesthesiometer grasp- can be approximated as a rigid body that pivots around a 
two-degree-of-freedom revolute joint in the wrist.

The value of each of these parameters varies depending on the muscle force. Increased 
muscle activation changes the observer’s effective stiffness and damping. The parameter 
values found to be linearly varying with the muscle activation force. The slope of this 
linearity  and the  intercept  varies  for  each  observer,  accounting for  the inter-observer 
variability.
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3 Human factors in TPD measurement

Two humans are involved in the handheld TPD measurements. While the subject is 
passively feeling forces on the skin, the observer is actively manipulating forces applied 
on the subject. Therefore, both the human factors related to passive and active forces are  
relevant for our analysis. 

The  subject  in  a  TPD  test  experiences  a  large  variety  of  tactile  sensations  when 
aesthesiometer is pressed on the skin; these sensations are really combinations of a few 
building blocks  or  primitives.  For  simplicity,  normal  indentation,  lateral  skin stretch, 
relative tangential motion, and vibration are the primitives for conditions of contact with 
an object.  The subject  perceives  many of  these primitives  though tactile  information 
conveyed by mechanoreceptors in the skin.

When an observer  contacts  or presses  aesthesiometer  through active motion of the 
hand  on  the  subject’s  skin,  the  contact  forces  are  sensed  by  both  the  tactile  and 
kinesthetic sensory systems. Overall contact force is probably the single most important 
variable that determines both the neural  signals in the sensory system, as well as the 
control of contact conditions through motor action. It appears that the JND for contact 
force is 5% to 15% of the reference force value over a wide range of conditions involving 
substantial  variation  in  force  magnitude,  muscle  system,  and  experimental  method, 
provided that the kinesthetic sense is involved in the discrimination task [23-25].

4 Control of Variability in TPD Measurements

It is to be noted from the earlier sections that variation of stimulus and the cognitive 
state are the main factors resulting in the variation of TPD measurements. In this paper 
we  focus  only  on  controlling  the  varying  stimulus  in  the  handheld  instruments, 
specifically forces under the two prongs. Controlled delivery of forces, under a single 
prong, on the skin has been addressed well in the literature for measuring the sensibility,  
not  TPD,  using  Monofilaments.  When  tip  of  the  monofilament  of  given  length  and 
diameter is pressed against the skin at right angles, the force of application increases as 
long as the operator continues to advance the probe, until the filament buckles. After the 
fiber bends, continued advance creates  more bend, but not more force of application. 
This  principle makes it  possible  for  an  operator  using a hand held probe to  apply a 
reproducible  force,  within  a  tight  tolerance,  to  the  skin  surface.  A  monofilament  is 
mathematically represented by a circular column. The radius, the length, and the modulus 
of elasticity of a material affect the critical force at which it buckles [26,27].

The  Semmes  Weinstein  set  of  monofilaments  (SWMF)  provide  an  approximately 
logarithmic scale of actual force, and a linear scale of perceived intensity. They have a 
long history of effective use in clinical settings, and can be used to diagnose pathologies 
of hyper or hypo aesthesia. They are originally intended to detect areas of skin that have  
abnormal  sensation  and  to  record  the  degree  of  severity  of  the  sensory  disturbance 
occurring as a result of brain injury. Since their development, the SWMF monofilaments 
have demonstrated their ability to detect abnormal function in peripheral  nerves. Bell-
Krotoski and Tomancik [28] validated the forces applied by the SWMF monofilaments. 
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They  concluded  that  if  the  monofilaments  as  supplied  by  the  manufacturer  were  of 
correct length and diameter, the tests are repeatable within a small, predictable range. 

The ability of monofilaments to deliver controlled forces has been used in our Isobaric 
aesthesiometer.  The  two  rigid  prongs  in  the  conventional  aesthesiometer  have  been 
replaced with two monofilaments in the isobaric aesthesiometer. The new aesthesiometer 
has provision to easily replace monofilaments of equal length. As in the monofilament 
test,  the  new  aesthesiometer  has  to  be  pressed  against  skin  surfaces  until  both  the 
monofilaments buckle. When buckled the new aesthesiometer is delivering the required 
force, corresponding to the length of the monofilaments, within the same tolerance of the 
individual monofilaments.

5 Measurement of Forces in Isobaric Aesthesiometer

Isobaric Aesthesiometer delivers controlled forces, within a tight tolerance, on the skin 
surfaces.  In  order  to  validate  the  claims,  we  have  designed  a  simple  low-force 
measurement cantilever with strain gages. The arrangement is shown in figure 3.  The 
force transducer consists of a steel cantilever (x mm wide, y mm thick, and z mm long) 
with two strain gauges (type XY) glued to it on either side of each cantilever. A XX 
adhesive (type Z make Y) is used for this purpose. The strain gauges are glued to either 
side of the cantilever and are connected to form a full/half bridge. If a force of 1 N is 
applied, the deflection of the cantilever is approx. 80 μm. To obtain a 0-10 V DC signal 
which  is  proportional  to  the  force,  our  strain  gauge  amplifier  is  connected  to  the 
transducer (type of Instrumentation amplifier). Zero level and gain of this amplifier can 
be adjusted within a wide range. The output signal of the amplifier is connected to the  
analog input of the computer and displayed to the user. Figure 4(A) and (B) shown the 
force variation when a typical subject is asked to maintain a force at 20 grams, using both 
conventional aesthesiometer and our isobaric aesthesiometer. 

(A)                                                                   (B)

Figure 3 Schematic diagram of the cantilever arrangement for measuring the 
forces  under the two prongs of (A) a conventional aesthesiometer  (B) our 
isobaric aesthesiometer. SG – Strain Gages

    It could be noticed from figure 4(A) that a rotation about the wrist causes opposite  
forces, one increasing and the other decreasing, in the two prongs and that a translational 
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movement of the wrist, either up or down, causes both increasing or both decreasing 
forces in the two prongs. The rotational moment could even result in the loss of contact at 
one of the prongs, shown in figure 4 (A) with force nearly zero. The force variation in the 
normal aesthesiometer with rigid prongs shows that it approximately follows the second-
order  system,  as  discussed  earlier,  and  the  forces  could  be  anywhere  between  the 
minimum (0 grams) to maximum threshold of the cantilever arrangements (500 grams) as 
shown in figure 4(B). However, the force is nearly constant in the isobaric aesthesiometer 
as  shown in figure  4(B).  The maximum variation of  the  force,  after  buckling of  the 
filament, is the variation of the filament 
used. It is to be noted that this variation 
is  not  same  for  both  left  and  right 
filaments; this difference could be due to 
many  reasons.  The  filaments  are 
undergoing different rate of compression 
due  to  the  moment  about  the  wrist. 
However this difference is very small (5 
%) and negligible.  We have tested the isobaric  aesthesiometer  in  seven subjects  and 
found that the force is constant as shown in the figure 4(B) in all the subjects.

(A) 
(B)

Figure  4 Force  delivered  at  both  the  prongs  of 
aesthesiometer  (A)  conventional,  with  gain  XX 
(B) isobaric, with gain YY. Red colored data is for 
the left prong and the black colored data is for the 
right  prong.  The  data  is  for  the  same  subject 
performing the test.

6 Discussion

The mechanical properties of monofilaments depend on humidity, temperature and age 
[29].  Variation of forces produced by single mono-filaments leads to errors in precision 
and accuracy.  The nylon polymers (such as those used to make monofilaments) have a 
polarized chemical  structure,  is water  absorbent, and are not recommended for use in 
humid conditions if stability of the material is required [30]. Repeated loading lowers the 
bending forces  of  the filaments  as  plasticity  of  filaments  is  increased.  Commercially 
available monofilaments have significant variability within and between devices from 
different manufacturers. Their actual bending force varies widely from their designated 
buckling threshold value. How much variation in the forces is acceptable for the TPD is 
unknown. This will lead to the standardization of the TPD measurement procedure [31]. 
Apart from the variation of the forces due to the monofilaments, the forces in the isobaric 
aesthesiometer however will also depend on the rotational movement of the observers' 



Manivannan, Periyasamy, Suresh

wrist.  This  causes  different  forces  in  the  two  monofilaments  installed  in  the 
aesthesiometer.   There could be three possible scenarios depending on which part  of 
loading-curve  each  monofilament  is  currently  positioned.  Ideal  loading-curve  of 
monofilaments is  divided into three regions: Region 1,  before Point A -  the point  at 
which bending commences;  Region 2, in-between Point A and Point B - the point at  
which the buckling commences; Region 3, beyond Point B which maintains the force at 
constant  as  shown  in figure 5.

Figure 5 Ideal Loading Curve of Monofilaments

While measuring TPD the two monofilaments in the isobaric aesthesiometer could be 
in different operating range, and this leads to six possible combinations, as shown in 
Table 1.  

Table 1 Possible Operating Regions for Two Monofilaments while measuring TPD

    

Condition Monofilament 1 Monofilament 2

1 < A < A

2 < A < B

3 < A > B

4 < B < B

5 < B > B

6 > B > B
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The  condition  6  in  which  both  the  monofilaments  in  region  3  (>  B)  is  ideal  for 
measurement of TPD. Although the hands of the observers rotate, if they could maintain 
the  filaments in  this  region,  the measurements  will  be repeatable and reliable.  If  the 
rotation results in the two monofilaments operating in other regions, TPD measurement  
could be erroneous. The Absolute Pressure sensitivity of skin under the monofilaments  
and  the  Just  Noticeable  Difference  (JND)  of  Pressure  Sensitivity  matters  when  two 
monofilaments  are  used  for  TPD  measurements.  This  is  especially  valid  for  the 
monofilaments maintaining two forces, one before buckling and the other after buckling. 
When the filaments are in different force levels, then the JND pressure at the site of 
measurement will dictate if the measurement is valid. If the difference in force before and 
after buckling is greater than the JND, the subject would erroneously perceive the two 
filaments as single.

7 Summary
      Two Point Discrimination test is notorious for their unexplained variations within 
subjects, between subjects, and between studies. This paper presents a systematic study 
of  these  variations  and  proposed  a  simple  design  to  control  the  variation,  thereby 
improving the TPD measurement accuracies. Monofilaments are used replacing the rigid 
prongs in a handheld aesthesiometer. Although the proposed handheld instrument could 
be used to avoid variations, unless a standard protocol is developed for measuring the 
TPD, the variation cannot be controlled even with this device.
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