Quantification of stimuli

Ash MM. Quantification of stimuli. Endod Dent Traumatol
1986; 2: 153 156.

Abstract — In the experimental setting where pain or discomfort
is elicited, it is imperative that the different types of stimuli used
(i.c., chemical, mechanical, thermal, and electrical) be quantified
and other important factors be considered: (1) reproducibility
of the stimulus, which depends upon its ability to be completely
characterized and exactly measured; and (2) control of potential
modifying factors which might influence the pain threshold.
Thus, the stimulus must be measurable, reproducible, and beha-
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viorally predictable.

In order to properly assess degrees of clinical pain
or discomfort, it is imperative that the stimulus be

quantified. There exist a number of different types of

stimuli which have been utilized in the experimental
measurement of pain (1). They can be placed into
such broad categories as mechanical, thermal,
chemical and clectrical stimuli, but vary in capacity
to mimic the sensory, aflective, or evaluative proper-
ties of'a particular clinical disorder, including hyper-
sensitivity of the teeth. A method of pain induction
cannot be considered in isolation, inasmuch as inter-
actions between the source of pain and pain attenu-
ation may occur (2). From the same comparative
perspective, quantification of stimuli should not be
considered in isolation from variations in locus, en-
ergy, and method of determining thresholds.
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Because of the strong interactive eflect.ol stimulus

Intensity of
Stimulation

Threshold

and subjective response, all reasonable control of

external factors should be attempted. From  this
viewpoint, steps in quantifying various dental thres-
hold stressors for testing the effects of treatment on
dentinal hypersensitivity (3-7) do not appear (o
madtch the steps made in quantifying the multidi-
mensional nature of nociception (8, 9).

Simple numerical category scales, which treat
pain (discomfort, hypersensitivity) as a unitary
phenomenon measured only in terms of magnitude,

Accepted for publication 26 March 1986.

are perhaps adequate for assessing the amount of
pain that is present, or relief of pain, but they are
not SL.I(“('iCH( to answer a variety of questions about
pain intensity, its unpleasantness and its qualities of
pressure, temperature, and vibration (10). How-
ever, even the use of simple scales for assessing pain
requires that the inducing stimulus be measurable
and reproducible and that the measurements be
expressed in physical terms (amperes, millimeters,
degrees centigrade, etc.)
Stimulus must be:

* Measurable

* Reproducible

+ Behavior Predictable
Q\'ilh_oul quantification of the stimulus it is difficult,
}[ notimpossible, to compare the findings of different
investigators). As already suggested, a stimulus must
be reproducible and behave in a predictable or
constant .physiv;ll, chemical, thermal or electrical
way during the period of stimulation. However,
extrancous cflects such as nonlinear coupling (viz.
resistance, deformation, ete.) between the stimulus
apfl sensory apparatus may influence the reproduci-
bility of the threshold of pain. Tor example, the
results of a recent laboratory study (11) on electrode
placement suggest that the middle third of the inci-
sors and the occlusal third of the premolars are the
best clectrode positions to stimulate the pulp at
the Towest possible voltage without stimulation of
nonpulpal fibers. However, these areas do not corre-
s[.)()nd physically with those of cervical hypersensiti-
vity.

Ghemical stimuli

Chemical stimuli have not been widely used because
ol mconvenience, difficulty of varying the stimulus
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intensity, potential injury to adjacent soft tissues,
and the exclusion of substances which could cause

injury to the hard tissues. There are no studies of

dental cervical hypersensitivity in which the pain
threshold was objectively determined by chemical
stimuli.

Mechanical (tactile) stimulus

Only a few studies have used a “quantified” mech-
Y

anical stimulus (3, 11, 13) and the exact position of

the sensitivity relocated with an occlusal key. An
clectronic pressure-controlled probe device (Yeaple
Probe) modified from a periodontal probe (14) by
replacing the tip with a dental /16 explorer tip
has been used. When a preset probing force is reach-
ed, the electromagnet holding the tip releases. The
force applied begins with 10 grams and may be
increased in 5 g increments until the first presence
of discomfort, or 70 g, is reached. The probing
system can be calibrated. The intensity of the mech-
anical stimulus does not increase gradually, but
rather in a saw-tooth form, with the force dropping
to zero between incremental increases in mechanical
force. “Scratching” of the surface may remove some
of the desensitizing agent deposited on the surface
of the tooth, but this has been reported not to sub-
stantially influence the pain threshold (3, 12).
Analysis of the data from the Yeaple Probe requires
an assumption that responses to greater than 70 g
do not exist, or that no response is automatic to 70
g. This problem tends to defeat the use of a scaled
stimulus.

Thermal stimuli

Quantified thermal (heat and cold) stimuli have
been used (3, 12, 13), as well as a cold air blast (7)
(I's, 60 psi, 70 + 3°F) to determine sensitivity levels
before and after treatment for dentinal hypersensiti-
vity. Variations in the distance from the tooth would
influence the energy transfer involved in the cold
air blast stimulus.

With the thermocouple device and cold air blast
(7) the energy coupling between the delivery system
and tooth suggests some unknown differences in the
total amount of energy reaching the receptive field.
Isolation and shiclding of individual teeth and areas
of teeth give some assurance that the actual amount
of heat (or loss of it) has a lincar relationship to the
intensity of the stimulus.

The thermocouple device provides for a continu-
ous spectrum of heat or cold to be applied at a point
on the tooth via the tip of a probe containing a
thermister which registers the temperature of the
probe, but not (directly) the surface of the tooth.
There is a lag between probe temperature and tooth
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surface temperature and this requires that (‘hzmges
in temperature be made slowly so the onset of sensi-
tivity will not be bypassed. The device has sufficient
range to apply cold (below 0°C) and heat (above
50°C) and therefore can test for sensitivity levels
above and below initial baseline levels. In the com-
plete absence of hypersensitivity following  treat-
ment, initial or normalized threshold values must
be used.

The cold air blast (7) stimulus has quantification
aspects of duration, known air temperature at the
air jet, and known pressure (psi) at the nozzle of
the air jet. How significant the differences that angu-
lation of the jet, different distances from the tooth,
or failure to “hit’” a precise arca are is not clear. In
the absence of a stimulus of graded intensity, a
change in the threshold of pain using physical values
cannot be determined. Itis possible to tell something
about relief of pain provided that the stimulus is
capable of inducing pain, which is not always the
case. The degree to which thermal stimulation may
also be considered mechanical in nature has not yet
been answered.

Electrical Stimulus

An clectrical stimulus has been used for some time
to evaluate the “vitality” of the dental pulp. Prob-
lems in electrical pulp testing and dental algesimetry
have been considered in a large number of publi-
cations and reviews may be found eclsewhere
(15-18). More recently, a device called the dental-
pulp stethoscope was developed (4) which provides
for digital RMS-C voltage stimulation. Thus, when
a tingling sensation or warmth is first felt, the pa-
tient depresses a button to stop the stimulus and
activate a recorder which prints the voltage level.
A conductive gel with a pH of 5.4 10 5.6 is used. A
value of 15 volts and above indicates a range of
tooth nonsensitivity (19). There exists some contro-
versy regarding the proper methodology to deter-
mine the pain threshold.

Pain threshold can be defined as the lowest clec-
trical current (milliamperes) which, at a fixed fre-
quency and impulse duration, first evokes a sen-
sation (such as pricking) of pain (20). Stimulation
of the pulp on the basis of applied voltage may not
represent the exact pain threshold inasmuch as the
stimulating current on an individual basis depends
on varying resistance pathways to the pulp or to
other adjacent tissues. By using a constant current
source, the intensity of the stimulating current is
independent of variable resistance paths (21). A
procedure could be to slowly raise the stimulus cur-
rent until the pain is first perceived, then give a
series of 20 impulses at a time and measure the
threshold again while the current is raised cach time



by 0.05 ma. Each recorded threshold would be the
average of 3 or more measurements. As a control,
“false impulses” could be given with the current
held at zero increase. A pain stimulus need not
“hurt” the patient. Reliable threshold sensations
are dependent upon frequency and pulse duration.
Standardized instructions are necessary.

Some concern exists within the rescarch com-
munity relating to the use of a form of stimulus
which is most unlike that associated with clinical
pain. The potendal for electrical shock or such a
threat may influence the subject’s assessment. With
fear, there is an inclination toward a lower thres-
hold. Distraction causes an increase in the pain
threshold. Furthermore, although pain thresholds
have been reported to vary no more than 15-20%
between individuals when measured on skin (21),
the degree of subject variation on the tooth surface
is unclear.

)

Reproducibility of the stimulus

A stimulus that can be completely characterized
and exactly measured is usually considered to be
reproducible.  As already discussed, the energy
reaching the receptive field must be consistent with
the energy of the applied stimulus. Nonlinear rela-

tionships, which cause variations in the transfer of

energy, prevent any exact measurement of the inten-
sity of the stimulus and therefore cannot be reliably
reproduced. Calibration of a device in relation to
physical measurements (degrees, grams, psi, etc.)
provides assurance of a standard of comparison.
However, such a procedure does not provide assur-
ance that stimulus energy, for example voltage level,
measured at the generating device, provides a con-
stant current at the receptor field. The possibility
that factors such as training, fatigue, temperature,
distractions, fear, expectation, and procedural un-
certainty may modify the pain threshold is a subject
of considerable rescarch and controversy.

Control of potential modifying influences

A review of the potential factors which could pos-
sibly influence the pain threshold may be found
elsewhere (3, 12, 21). Some of the gencrally ac-
cepted precautionary measures (o control ex-
trancous influences include:

(1) Giving standardized instructions and demon-
stration of stimulus prior to baseline.

(2) The room should not be distracting because of

noise, music, lights or temperature.

(3) Procedures which generate fear should be
avoided.

(4) The patient should be allowed to come to “equi-
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librium” with the environment (a subject co-
ming from a cold outside temperature to an
inside temperature requires at least 15-20 min
for the teeth to adjust before attempting to test
sensitivity).

(5) Medications, mouthwashes, “cough drops”, as-
pirin, cte. may influence the test.

(6) The use of appliances such as mouthguards and
splints must be consistent with the time of the
testing.

(7) Procedural testing, questioning, and instruc-
tions should be given prior to the time that
baseline thresholds are determined.

Application of stimulus

fwo aspects of applying the stimulus are considered
here:

(1) Mod(‘ of applying a stimulus which can be va-
ried in intensity; and
(2) The sequence of applying two or more kinds of
stimuli.
The question of whether to apply the stimulus at
random, or using a monotonic increase/decrease re-
lates to the aspect of toleration and change in the
pain threshold brought about by a number of
:{bo\'(‘-lhr(‘sh()ld energy stimuli that would be de-
livered in a random order approach. The increase
or decrease in the level of heat or increase in the
level of electrical cnergy should be monotonic, al-
though a continuous increase may not be possible.
However, increments as well as continuous increases
or decreases in stimulus strength should occur
within a standard time frame.

'l'l?c application of more than one kind of stimulus
requires that the first does not detract from the
second, nor the second from the third, ete. Cold
slimulus should follow heat, the least disturbing
stimulus first, and the stimulus which least parallels
the patient’s clinical complaint applied last. Sub-

Jeets who do not have a complaint about a partic-

11]:11‘.kind of irritant historically may respond to a
particular stimulus at baseline measurement, but
not again. Such stimuli should be positioned last.
I'he order of stimulation should be determined at
screening, prior to bascline measurements.

Summary

Quantification of the stimuli used for testing thres-
holds of pain (dentinal, cervical hypm‘scnsitki\'it\'\ is
an appropriate requirement for objective measure-
ment of the effectiveness of treatment. Reproducibi-
lity of the stimulus requires that a linear or predict-
able relationship be demonstrated between the en-
ergy of the applied stimulus and the receptor field.
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Threshold does not necessarily mean the same thing
for different stressors (stimuli), even though corre-
lations tend to be statistically significant within a
given pain source and across stressors. Objective
measurement of thresholds requires quantification
of the stimulus and informed judgement regarding
the capacity of the stimulus to mimic the sensory,
affective or evaluative aspects of dentinal hypersen-
sitivity. The number of different effects that a form
of energy (such as an air blast or electrical stimulus)
can produce have not been clearly demonstrated.
The selection of a stimulus should be based upon
its being quantified, whether it subjectively needs
to be most like clinical pain (dentinal hypersensitivi-
ty) or to provide the closest parallel (o the affective
and evaluative components of cervical hypersensiti-
vity, and lastly upon what device is readily avail-
able. A number of factors which may alter the pain
threshold should be controlled; most relate to pro-
cedural and environmental (clinic, laboratory) con-
ditions which may distract the patient. Application
of the stimulus should be by monotonic increase or
decrease where the strength of the stimulus is vari-
able. The sequence of applying two or more stimuli
generally dictates that the least stressing and poten-
tially least painful stimulus should be given first, or
the stimulus with the least “carry over” effect should
be given first. 'T'he final order should be determined
prior to the time when baseline records are made.
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