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APPARATUS FOR PROVIDING AN INDIVIDUALLY SCALED LEVEL
INDICATION OF A SENSATION

Technical Field

The present invention relates generally to an apparatus for assessing the level of a

sensation experienced by a person by providing a variable stimulus to the person until the
applied stimulus matches the experienced sensation. More particularly, the present
invention is directed to achieve such an apparatus that provides an individually scaled level
indication of the sensation.

Background

When using sensation/stimulation matching for assessing the level of a sensation,
there is in many applications an underlying purpose of comparing the assessed level for a
person on one hand to assessments for other persons and on the other hand to assessments
for the same person at different occasions. In both cases there is a need for relating the
assessments to a relevant scale that enables the generation of comparable level values.

The perception of sensations is to a high degree dependent on individual conditions,
1.e. the perception may vary with the varying mood or possible pathological conditions of
the person. Furthermore, the perception is sometimes different dependent on the
sensation/stimulation intensity, i.e. the perception may vary dependent on the mode or the
magnitude of the sensation/stimulation. :

In prior art, these facts have not been specifically addressed and the assessment
level is usually assigned a value corresponding directly to the level of the applied stimulus.
The comparing of such assessment levels between persons and between assessment with
different types of stimulation, e.g. a heat stimulation compared t6 an electrical current
stimulation, may be difficult.

Prior Art
Examples of prior art sensation/stimulation matching is found in the patent
publications:
DE G 92 04 961.3 (Gebrauchmuster) to Miiller;
WO 97/24068 to Laserow;
WO 01/13793 to Cefar Painmatcher AB et al; and in
WO 01/13987 to Cefar Painmatcher AB et al.
The general structure of apparatuses and methods for sensation/stimulation
matching is described in the mentioned pieces of prior art.

Obiject of the Invention

The general object of the present invention is to solve the problem of improving the
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comparability of sensation level assessments with sensation/stimulation matching
apparatuses

Different aspects of the invention are directed to achieving a scaling of level values
that inter alia: -
- is individually adapted to each sensation assessing person and enables comparison
between assessments at different occasions independent of the current personal condition;
- enables comparison of assessments with different types of stimulation; and
- enables compatrison between assessment of sensation levels for different persons.

A further aspect of the invention is to achieve an apparatus and a method that
enables an improved assessment of sensations and experiences other than pain.

Summary of the Invention

The inventors have realised that an objective quantification of a sensation or an
experience by means of sensation/stimulation matching can be made by establishing
individual frames of reference for each person and possibly also for each measurement
occasion. The frame of reference is established by determining a range between detectable
sensation thresholds, e.g. the perception threshold and the pain threshold or the pain
threshold and the tolerance threshold. The range between the respective thresholds is
typically individual and specific to each person, but varies with the physical or
psychological condition of the person.

In accordance with the invention, the determined range is divided into a
predetermined number of scale steps thereby achieving a relative scale. The division of the
range into scale steps is carried out according to a mapping function that can be linear or
non-linear. An advantageous embodiment of the invention employs a mapping function
that results in the range being divided into equally distant scale steps. Since the range
varies with each individual and sometimes also between different assessment occasions for
the same person, the distance and the stimulation energy between the scale steps also
varies with an individually varying range. When assessing a sensation level the sensation
that matches a certain absolute magnitude of stimulation in terms of a stimulation scale
dependent on the stimulation type, e.g. electrical current or thermal energy is first
determined. Thereafter, the stimulation magnitude is mapped on the scale and the sensation
level is assigned a scale value that corresponds to the magnitude of stimulation. The result
is that the extent of a sensation or an experience is measured objectively accordihg to a
scale that has been adapted to the individual and the currently prevailing conditions.
Thereby, different assessments are made comparable.

When specifically measuring the level of pain, the invention is in one embodiment
applied such that the pain threshold and the tolerance threshold are detected and stored in a
first phasé of the assessment. The thus determined range between the pain threshold and
the tolerance threshold is thereafter divided into for example 7-10 equally distant scale
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steps. In a second phase of the assessment, the level of the current or the remembered pain
is determined by means of sensation/stimulation matching. The matched level is then
assigned a scale value corresponding to the level of the induced stimulation. It is currently
believed that a number of scale steps in the range of 10 is apt for pain level assessment,
since pain is a sensation for which it is difficult to discriminate between a larger number of
different levels.

For assessing the level of sensations and experiences other than pain the perception
threshold and the pain threshold are detected and stored for defining the scale range. In
practice this range between the sensory perception threshold and the pain threshold gives
the maximum scope of a sense. This is based on the assumption or perhaps even the fact
that there is no sensation or experience unless it is perceived, and there is no sensation or
experience that is stronger than the occurrence of pain. In the latter case, when a sensation
or experience is so strong that it starts to raise pain, the pain is the dominating sensation. In
other words a sensory reference frame for sensations and experiences in general is thereby
achieved, despite the fact that there are in general no specific stimulation types for
inducing these sensations and experiences. In fact, experiments point'towards the
conclusion that electrical current is an adequate form of stimulation for assessing a large

number of sensation and experiences since the human body lacks receptors for electrical

. current.

In an embodiment of the invention arranged for measuring the level of sensations or
experiences, the range between the perception threshold and the pain threshold is
preferably divided into a number of scale steps in the range of about 20 or even up to the
range of 40. It is however generally held that the range of 20 is to prefer since the ability to
discriminate between a higher number of levels may be less developed. It is however
currently believed that a division into a large number of smaller scale steps is advantageous
when applying the invention in sensation/experience matching. This way sensations,
feelings or experiences are quantified in real terms of energy levels.

In another embodiment of the invention, the scaling is carried out such that the
stimulation in the matching phase is adapted to the scale and the stimulation is output in
discrete level steps. The stimulation output is then selected for example such that the
stimulation starts at the perception level for scale step one. The stimulation is then
incrementally increased with a stlmulatlon level increase corresponding to a scale step until
a matched scaled value is registered or the pain threshold for the highest scale step has
been reached. The stimulation accordmg to the scale steps can alternatively be selected as
e.g. the centre value of the scale step interval or e.g. the highest scale step interval value.

The determined threshold levels and the scale ranges are useful to store and
compare between different assessment occasions, since further conclusions about the status
of the person are possible to draw in the light of the change in threshold levels and scale
ranges.
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Different embodiments of the invention are applied in the sensation/stimulation
matching apparatus itself as well as in a sensation level analysing apparatus. In the latter
case the analysing apparatus comprises an input for the threshold levels and the matched
sensation level. The processing of establishing the scale range and the scale is then
typically performed in the analysing apparatus and the result may simply be presented or
compared to other stored assessments for further analysis. The processing may also include
automatically generated diagnosis and recommendations based on predefined rules. A
convenient embodiment of the analysis apparatus would be realised by means of a
specifically designed software program run on a general computer.

Brief Description of the Drawings

The invention will now be further described in conjunction with the drawings,
wherein: ‘ '
Fig 1 and 2 show block diagrams of the functional components of the inventive apparatus;
Fig 3 shows schematically a diagram of a mapping function in accordance with the
invention; and
Fig 4 shows schematically an ex_ample of the output stimulation in one embodiment of the

invention.

Detailed Descriptionrof Embodiments

Fig 1 shows a block diagram of the functional structure of embodiments of the
invention. The functional structure of a sensation/stimulation matcher of this kind
comprises a stimulus signal generator 102 coupled via means 106 for providing a pulsating
stimulus to stimulus induction means 104, which in use are intended to be applied to the
skin of a person for inducing a stimulus. A control unit 114, for example a control
processor, is coupled to the stimulus signal generator 102 via an amplitude variation rpedns’.
120 devised for varying the amplitude of the pulsating stimulus signal. The control unit is
also coupled to the pulsating stimulus providing means 106 via a pulse width'variation
means 122 devised for varying the pulse width of the pulsating stimulus signal. The control
unit is further coupled to a memory 116 for storing registered measurement values and
control instructions for predetermined control schemes, and a display 118 for the visual
presentation of an obtained measurement value or other information. The control unit is
also optionally coupled to a control switch 124, e.g. a button, for starting, stopping or
halting a measurement sequence at for example a perception threshold, a sensation
threshold, e.g. the pain threshold, or the tolerance threshold or a sensation level. In a
preferred embodiment, the apparatus is devised to stop a variation of the pulsating
properties of the stimulus in response to an actuation of the control switch 124, and the
apparatus is devised to keep the pulsating property at its current level. So, for example,
may the patient stop an increase in amplitude or pulse width at a level which seems to



WO 03/000134 PCT/SE02/01251

10

15

20

25

30

35

match the measured sensation and consider whether the level is correct. If the patient
indeed considers the level to be correct, the patient releases his or her contact with the
induction means 104. This leaves an open circuit which is detected by the apparatus,
whereupon it is devised to automatically store the current value of amplitude and/or pulse
width. A separate electrical circuit may be provided for the detection of an open circuit due
to the patient’s release of the contact with the induction means. If the halted level is not
considered to be corrected, the patient may continue the increase, or variation, by releasing
the button, resuming the contact or switch back to an initial switch position.

In the embodiment as shown in Fig 1, the means 106 for providing a pulsating
stimulus further comprises means 108 for providing a pulsed current stimulus intensity,
e.g. in the shape of an oscillator, and/or means 110 for providing a square waved stimulus
intensity, e.g. in the shape of a square wave or a triangle wave generator, either of the
means 108 and 110 being devised to provide a stimulus signal in the form of a pulsed
current having a frequency in the range of 1-100 Hz. In Fig 1 is also shown a switching
means, controllable by the control unit and being devised to switch between the different
wave forms.

In addition to'the general structure of a sensation/stimulation apparatus, the
inventive apparatus further includes an analyser 130 communicatively coupled to the
control unit 114 and devised for analysing the assessed levels of sensation or experience.
The analyser 130 would typically comprise a scale generator and a scale value mapping
function. An alternative embodiment of the inventive apparatus would comprise an output
132 for outputting matched thresholds and levels in the shape of signals or data parameters,
and a separate analysing apparatus.

Fig 2 shows an embodiment of the analysing apparatus by means of a functional
block diagram. The analyser 201 thus comprises an input for a first threshold value T1 and
a second threshold value T2 and possibly also a third threshold value T3. More specifically
the first and the second threshold values would be a perception or sensation threshold value
ST, a pain threshold value PT or a tolerance threshold value TT. The threshold values are
received in a scale generator 202 devised to calculate a division of the rénge between a first
and a second threshold value into a predetermined or pre-settable number of scale steps
SSN 203 . The threshold values are determined by means of sensation/stimulation
matching and are indicated in some absolute unit of magnitude, for example electrical
current amplitude or pulse width. The size of the scale steps is in its simplest form
determined by division between the range width and the number of scale steps. Thus
according to an equation corresponding to T2-T1/SSN, or expressed in the specific
threshold values PT-ST/SSN or TT-PT/SSN or TT-ST/S SN.

The analyser further-comprises an input for a matched sensation level MAL
received in a scale value mapping function 204. The scale value mapping function 204 is
communicatively coupled to the scale generator 202 via communications link 206 by
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means of which the scale step size and the threshold values constituting the end points of
the scale are communicated. The mapping function is also provided with the number of
scale steps. For each received matched sensation level the mapping function thus
determines and outputs a corresponding matched scale level value MSL, confer schematic
diagram in Fig 3. A linear mapping function for the matched scale level MSL can be
expressed as:

MSL =0 if MAL=TI;

MSL =n if (n-1)*(T2-T1)/SSN < MAL =<n*(T2-T1)/SSN; wheren=1...SSN.

As mentioned above other mapping functions dependent on the matched absolute
level, i.e. f (MAL) can be used for specific purposes. The mapping would be performed in
generally in a manner similar to the linear mapping. The mapping can be realised by
calculating the function or by means of a look-up table that is calculated once the
thresholds and the scale range has been established. In this text the term mapping and
mapping function is used as a comprehensive term for the steps of dividing the range
between the thresholds as well as for the function for translating the matched absolute level
to a matched scaled level. |

Fig 4 illustrates as an example the phases of a sensation/stimulation matching in
accordance with an embodiment of the invention. In operation of the invention the person
that is measuring for example a sensation other than pain is asked to estimate the sensory
threshold, i.e. the perception threshold 1, and the pain threshold 2 in a first phase of the
sensation/stimulation matching. In the first phase the stimulation is increased following a
continuous or small step incremental increase. The scale is thereafter generated
automatically. In a second phase, the stimulation is started again in a first alternative [ at
the perception threshold level or in a second alternative II at a lower level, e.g. 0. The
stimulation is in the second phase increased incrementally with stimulation level steps
corresponding to the scale steps starting from or passing scale step 1 corresponding to the
perception threshold and until the sensation to be measured is matched and automatically
assigned a matched scaled level value on a scale of 7 scale steps in this example. The
stimulation increase is in this example carried out at most until the pain threshold
stimulation level has been reached. When measuring pain, the assessment is carried out in
a similar manner, however operating in the range between the pain threshold and the
tolerance threshold. |

The functionality and the operating sequence of the sensation/stimulation matcher
apparatus and the analysis apparatus is conveniently realised by means of computer
program code devised to control a data processor to perform the steps of the inventive
method.
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Claims

A sensation level measuring apparatus comprising:

- a stimulator (101) devised to deliver a varying physical stimulus;

- a registration mechanism (114,116) devised to register an absolute level of the
physical stimulus;

- a scaling mechanism (202) devised to divide the range between a first and a second
registered absolute levels (T1,T2) of the physical stimulus into a predetermined number
of steps each having a step value;

- a sensation level assessment mechanism (204) devised to assign a third registered

absolute level (MAL) of the physical stimulus the value of a corresponding scale step.

The apparatus as recited in the preceding claim, wherein the stimulation during said
registration of the third absolute level of the physical stimulus is incrementally
increased in stimulation level steps corresponding to said predetermined number of

steps in the stimulation range within the perception threshold and the pain threshold.

The apparatus as recited in any of the preceding claims, wherein the stimulation during
said registration of the third absolute level of the physical stimulus is incrementally
increased in stimulation level steps in the stimulation range within the perception
threshold and the pain threshold.

The apparatus as recited in any of the preceding claims, wherein the stimulation during
said registration of the third absolute level of the physical stimulus is continuously
increased in the stimulation range within the perception threshold and the pain
threshold.

The apparatus as recited in any of the preceding claims, wherein said range is divided

into equidistant steps.

. The apparatus as recited in any of the preceding claims, wherein said range is divided

into steps according to a predetermined linear function.

. The apparatus as recited in any of the preceding claims, wherein said range is divided

into steps according to a predetermined non-linear function.

. The apparatus as recited in any of the preceding claims, wherein said assigning of a

scale step is performed such that each interval of the range between the thresholds is

assigned a scale number corresponding to level value of the interval.
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10.

11

12.

13.

14.

15.

16.

17.

The apparatus as recited in any of the preceding claims, wherein said assigning of a

scale step is performed in accordance with a predetermined linear mapping function.

The apparatus as recited in any of the preceding claims, wherein said assigning of a
scale step is performed in accordance with a predetermined non-linear mapping
function.

. The apparatus as recited in any of the preceding claims, wherein said first threshold

value is the perception threshold and said second threshold value is the pain threshold.

The apparatus as recited in any of the preceding claims, wherein said first threshold

value is the pain threshold and said second threshold value is the tolerance threshold.

The apparatus as recited in any of the preceding claims, wherein said first threshold
value is the perception threshold and said second threshold value is the tolerance
threshold.

A sensation level measuring method comprising the steps of:

- delivering a v‘arying physical stimulus to a person;

- detecting a first threshold value of said person by registering a first absolute level of
the physical stimulus upon actuation of said person; 7

- detecting a second threshold value of said person by registering a second absolute
level of the physicél stimulus upon actuation of said person; |

- dividing the range between said first and second registered absolute levels of the
physical stimulus into a predetermined number of steps each having a step value;

- registering a third absolute level of the physical stimulus that is perceived to be
comparable to an experienced sensation;

- assigning said third registered absolute level of the physical stimulus the value of a

corresponding scale step representing a sensation measurement value.

The sensation level measuring method as recited in the pfeceding claim 14, further

comprising the steps or stages of any of the preceding claims 1-13.
A computer program product for use in a sensation level measuring apparatus,
comprising program code devised to perform the steps or functions of any of the

preceding claims 1-15.

A sensation level analysing apparatus comprising:
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18.

19.

20.

21.

- an input mechanism for receiving an absolute level value of a physical stimulus;

- a scaling mechanism devised to divide the range between a first and a second
registered absolute levels of the physical stimulus into a predetermined number of steps
each having a step value;

- a sensation level assessment mechanism devised to assign a third registered absolute
level of the physical stimulus the value of a corresponding scale step.

The apparatus as recited in the preceding claim, wherein the stimulation during said
registration of the third absolute level of the physical stimulus is incrementally
increased in stimulation level steps corresponding to said predetermined number of

steps in the stimulation range within the perception threshold and the pain threshold.

The apparatus as recited in any of the preceding claims 17-18, wherein the stimulation |
during said registration of the third absolute level of the physical stimulus is
incrementally increased in stimulation level steps in the stimulation range within the
perception threshold and the pain threshold.

The apparatus as recited in any of the preceding claims 17-19, wherein the stimulation
during said registration of the third absolute level of the physical stimulus is
continuously increased in the stimulation range within the perception threshold and the
pain threshold.

The apparatus as recited in any of the preceding claims 17-20, wherein said range is

divided into equidistant steps.

22. The apparatus as recited in any of the preceding claims 17-21, wherein said range is-

divided into steps according to a predetermined linear function.

23. The apparatus as recited in any of the preceding claims 17-22, wherein said range is

divided into steps according to a predetermined non-linear function.

24. The apparatus as recited in any of the preceding claims 17-23, wherein said assigning

of a scale step is performed such that each interval of the range between the thresholds
is assigned a scale number corresponding to level value of the interval.

25.The apparatus as recited in any of the preceding claims 17-24, wherein said assigning

of a scale step is performed in accordance with a predetermined linear mapping -
function. |
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26. The apparatus as recited in any of the preceding claims 17-25, wherein said assigning
of a scale step is performed in accordance with a predetermined non-linear mapping

function.

27.The apparatus as recited in any of the preceding claims 17-26, wherein said first
threshold value is the perception threshold and said second threshold value is the pain
threshold.

28. The apparatus as recited in any of the preceding claims 17-27, wherein said first
threshold value is the pain threshold and said second threshold value is the tolerance
threshold.

29. The apparatus as recited in any of the preceding claims 17 28, wherein said first
threshold value is the perception threshold and said second threshold value is the
tolerance threshold.

30. A sensation level analysing method comprising the steps of:
- receiving as an input a first threshold value in the shape of a first absolute level of a
physical stimulus; ‘
- receiving as an input a second threshold value in the shape of a second absolute level
of the physical stimulus; : .
- dividing the range between said first and second registered absolute levels of the
physical stimulus into a predetermined number of steps each having a step value;
- registering a third absolute level of the physical stimulus that is perceived to be
comparable to an experienced sensation;
- assigning said third registered absolute level of the physical stimulus the value of a
corresponding scale step representing a sensation measurement value.

31. The sensation level analysing method as recited in the preceding claim 30, further
comprising the steps or stages of any of the preceding claims 17-29.

32. A computer program product for use in a sensation level analysing apparatus,
comprising program code devised to perform the steps or functions of any of the
preceding claims 17-31.
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