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Narcotic Analgesia: Fentanyl Reduces the Intensity but
Not the Unpleasantness of Painful Tooth Pulp Sensations

Abstract. Forty subjects rated the magnitude of painful electrical stimulation of
tooth pulp before and after the intravenous administration of either fentanyl, a short-
acting narcotic, or a saline placebo. The responses were choices of verbal descrip-
tors from randomized lists of either sensory intensity (that is, weak, mild, intense) or
unpleasantness (annoying, unpleasant, distressing) descriptors. The fentanyl signifi-
cantly reduced the sensory intensity without reducing the unpleasantness of the tooth
pulp stimuli, indicating that the mechanisms of narcotic analgesia may include a
significant attenuation in pain sensation in addition to effects on pain reaction. These

results stress the importance of using multiple measures of pain.

Present beliefs (/) about the mecha-
nisms of pain and narcotic analgesia re-
main virtually unchanged since the in-
fluential reports by Beecher (2). Beecher
distinguished between relatively in-
variant ‘‘pain sensations’’ that relate to
the intensity of noxious stimuli and var-
ied ‘‘pain reactions’’ that reflect complex
emotional and cognitive responses elic-
ited by such stimuli. The latter are influ-
enced by personality, past experience,
and experiential context. He proposed
that narcotics produce clinical analgesia
primarily by altering the unpleasantness
of pain reactions rather than by altering
the intensity of pain sensations. This
view, prevalent for the past 20 years, has
de-emphasized the role of sensory pro-
cesses in narcotic analgesia.

We now report evidence from human
subjects that fentanyl, a short-acting nar-
cotic, can reduce the intensity of electri-
cally induced tooth pulp pain sensations
independent of the reaction, or unpleas-
antness, that accompanies these sensa-
tions. We asked subjects to rate the mag-
nitude of sensory intensity and unpleas-
antness by direct procedures, this having
been done with other sensory modalities,
such as taste, olfaction, and temperature
(3). The subjects quantified painful elec-
trical stimulation of tooth pulp by choos-
ing words from randomized lists of 12
words that described either the sensory
intensity or the unpleasantness associat-
ed with stimuli of varying magnitude (see
Table 1). This method facilitates discrim-
ination of a single dimension because it
forces judgments based on word mean-
ing rather than other cues in rating scales
such as rank order or position in a rank-
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ordered list of verbal or nonverbal cate-
gories.

The relative magnitudes of the words
within a dimension are quantified re-
liably by ratio scaling procedures ).
Standard testing criteria reveal a high de-
gree of objectivity for both the sensory
intensity and the unpleasantness scales,
which indicates that an individual scale
is predicted equally well by another scale
from that individual or by a mean scale
from another similar group (5). The va-
lidity of using quantified verbal descrip-
tors to discriminate between sensory in-
tensity and unpleasantness has been
shown in an additional study. Subjects
rated either the sensory intensity or un-
pleasantness of electrocutaneous stimuli

before and after the administration of
diazepam, a minor tranquilizer. Diaze-
pam altered only the unpleasantness
scale, consistent with evidence showing
that diazepam attenuates the aversive as-
pect of stimuli but does not alter sensory
magnitude 6).

Forty dental patients scheduled for an
oral surgical procedure (third molar ex-
tractions) participated individually in
two 1-hour sessions approximately 1
week apart. Each subject was randomly
assigned to either a sensory intensity or
an unpleasantness descriptor group. Rel-
ative magnitudes of the descriptors were
determined in the first session by asking
each subject to match the force of hand-
grip strength and the duration of a button
press to their perceptions of (i) the
lengths of seven lines and (ii) the magni-
tude of the sensory intensity or unpleas-
antness implied by 12 descriptors pre-
sented twice in randomized order for
each response measure. With this meth-
od, common responses (handgrip force
or time duration) are made to both test
(words) and standard (line lengths) stime=
uli, and ultimately the test stimuli are ex-
pressed in terms of the standard stimuli.
Patient estimates of line lengths pro-
duced mathematical power functions
that were used to transform the mean re-
sponse to each word from units of hand-
grip force or time duration to common
units of line length, referred to as units of
relative magnitude. This procedure [for
details see (7)] reduces bias that occurs
in direct scaling experiments and permits
the comparison of different response
measures within individuals and the
comparison of responses across individ-
uals (8). After the descriptor scaling in

Table 1. The words used to describe the relative magnitudes of sensory intensity and unpleas-
antness. Each magnitude was determined by cross-modality matching of perceived handgrip
force or duration of a button press to the magnitude of the sensory intensity or unpleasantness
implied by each descriptor. Additional cross-modality matches to physically measurable line-
length stimuli produced calibration functions used to transform mean handgrip or time-duration
responses to each descriptor from units of force or time to common units of line length, referred
to as units of relative magnitude.

Sensory intensity Unpleasantness
: Relative . Relative
Descriptor magnitude Descriptor magnitude
Extremely intense 59.5 Very intolerable 44.8
Very intense 435 Intolerable 32.3
Intense 34.6 Very distressing 18.3
Strong 229 Slightly intolerable 13.6
Slightly intense 21.3 Very annoying 12.1
Barely strong 12.6 Distressing 11.4
Moderate 12.4 Very unpleasant 10.7
Mild 5.5 Slightly distressing 6.2
Very mild 3.9 Annoying 5.7
Weak 2.8 Unpleasant 5.6
Very weak 2.3 Slightly annoying 3.5
Faint 1.1 Slightly unpleasant 2.8
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the first session, each subject received
an ascending series of constant-current
stimuli applied-to the tooth pulp (1-sec-
ond train of 1 'msec, monopolar, mono-
phasic, cathodal pulses delivered at 100
Hz) to determine current values for sen-
sory threshold, pain threshold, and max-
imum pain tolerance (9).

The second session began 1 hour be-
fore the patient underwent oral surgery.
Seven current intensities, varying in
equal log steps from pain threshold to
pain tolerance, were presented six times
in randomized order at 20-second inter-
vals. Impedance was monitored with
every trial and maintained at constant
levels by a 5-second air-jet stream which
preceded each trial. Each subject rated
the sensory intensity or the unpleasant-
ness produced by each stimulus by
choosing either a sensory or unpleasant-
ness descriptor from a randomized list.
After presentation of the stimuli, each
subject was injected intravenously with
either fentanyl (1.1 ug/kg) or saline pla-
cebo. The patients were informed that
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Fig. 1. The relative magnitude of sensory in-
tensity. Relative values of patients’ verbal re-
sponses to electrical stimulation of tooth pulp
before and after the intravenous administra-
tion of (A) fentanyl (1.1 ug/kg) and (B) saline.
Seven stimuli that increase in equal log steps
from pain threshold (17.8 + 8.9 pA; mean =
standard deviation) to pain tolerance (32.9 =
23.8 wnA) are shown on the abscissas; the
relative magnitude of the sensory intensity
is shown on the ordinates. Each point is the
geometric mean of 60 observations from ten
subjects. Symbols: @, responses before, and
O, responses after the intravenous adminis-
tration of fentanyl or saline.

1262

they would receive either a placebo or a
small amount of one of the drugs used for
sedation during their surgery. The in-
structions further specified that the clini-
cal purpose of these drugs was not re-
lated to pain control since each patient
would receive a local anesthetic. The or-
al surgeon, the experimenter, and the pa-
tient were not informed of the identity of
the medications that were prepared by
the surgical nurse who used a random se-
quence. Approximately 5 minutes after
the intravenous injection, each subject
repeated the descriptor scaling of anoth-
er random series of 42 electrical stimuli
applied to the tooth pulp.

A two-way analysis of variance with
repeated measures (condition X stimu-
lus) showed that in comparison to the re-
sponses after placebo administration,
sensory responses were significantly re-
duced after the administration of fen-
tanyl [P < .05, F (1, 18) = 6.48] (Fig. 1).
The mean reduction in sensory inten-
sity was 51 percent. A stimulus original-
ly perceived as barely strong was rat-
ed as mild, and a stimulus originally per-
ceived as mild was called weak, after fen-
tanyl administration.

The demonstration of a narcotic-in-
duced reduction in the sensory intensity
of the noxious stimulation of tooth pulp
is consistent with physiological evidence
of narcotic modification of sensory as-
pects of nociceptive input in the spinal
cord dorsal horn and in trigeminal nucle-
us caudalis (I0, I11). The narcotic-in-
duced reduction in sensory intensity in
human subjects also correlates with the
behavioral evidence of decreased sen-
sory discrimination by monkeys of
noxious thermal stimuli after the admin-
istration of morphine but not diazepam
(12). This behavioral evidence and the
present psychophysical evidence in man
contribute to a growing physiological lit-
erature on opiate effects on neurons in-
volved in sensory-discriminative aspects
of pain (10, 13). It appears that narcotic
analgesics have a greater influence on
pain sensation than previously suspected
from Beecher’s findings and from earlier
largely anecdotal and clinical reports (2).

As shown in Fig. 2, the results with the
unpleasantness descriptors differ from
those found with the sensory intensity
descriptors, the reduction in unpleasant-
ness responses after fentanyl administra-
tion not being significantly greater than
the reduction after placebo [F (1,
18) = 2.53]. However, a comparison of
Fig. 2, A and B shows a trend in which
unpleasantness judgments are reduced
further by placebo than by fentanyl. This
trend is consistent with previous obser-
vations that suggest that the amount of

pleasantness or unpleasantness associat-
ed with narcotic analgesics depends on
the situational context in which they are
administered. Thus, when fentanyl is ad-
ministered, the placebo factors that re-
duce unpleasantness may be partially
offset by the dysphoric side effects of
anxiety, fear, and nausea known to ac-
company the administration of narcotics
to human subjects free of pain (/4). In
contrast, patients suffering from patho-
logical pain often report experiences of
heaviness, warmth, and euphoria (/4).
Therefore, it is important to repeat these
experiments in patients with chronic
pain.

Although we used strict double-blind
procedures, fentanyl produced immedi-
ate and profound behavioral effects
rarely observed after placebo adminis-
tration. We repeated this study to ensure
that the observed results reflected the ac-
tion of fentanyl and not the influence of
expectancies related to the presence or
absence of a subjective drug effect. All
subjects in the second study received an
active placebo (diazepam; 0.11 mg/kg)
immediately before either fentanyl or sa-
line. All other conditions were identical
to the first study. Diazepam was admin-
istered so that both groups of subjects
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Fig. 2. The relative magnitude of unpleasant-
ness. Relative values of patients’ verbal re-
sponses to electrical stimulation of tooth pulp
before and after the intravenous administra-
tion of (A) fentanyl (1.1 ug/kg) and (B) saline.
Seven stimuli that increase in equal log steps
from pain threshold (17.0 = 9.4 pA) to pain
tolerance (32.3 = 24.3 nA) are shown on the
abscissas; the relative magnitude of the un-
pleasantness is shown on the ordinates. Each
point is the geometric mean of 60 observa-
tions from ten subjects. Symbols: @, responses
before, and O, responses after the administra-
tion of fentanyl or saline.
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(receiving placebo or fentanyl) experi-
enced a profound subjective drug effect.
There is evidence that diazepam pro-
duces no sensory effects (15). The results
of the second study were similar to the
results of the first (/6), in that the sen-
sory intensity responses were reduced
significantly in comparison to the re-
sponses with placebo. Unpleasantness
responses were not significantly re-
duced, although a clear trend of greater
reduction after placebo was noted.
These results show that although sub-
jective effects of fentanyl could be de-
tected, they did not influence the results.

Our experiments demonstrate that the
words chosen for a pain scale can influ-
ence significantly the outcome of experi-
mental and clinical studies of the efficacy
of pain control agents. They also indicate
the need for independent measures of the
multiple dimensions of the pain experi-
ence (/7). In studies in which singular in-
dices of pain are used, critical pain di-
mensions may not be assessed adequate-

ly.
RicHARD H. GRACELY
RoNALD DUBNER
PATRICIA A. MCGRATH
Neurobiology and Anesthesiology
Branch, National Institute of Dental
Research, National Institutes of Health,
Bethesda, Maryland 20014
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Possible Mechanism for Pressurized-Liquid Tank

Explosions or BLEVE’s

Abstract. The hypothesis is made that rapid depressurization of hot, saturated
liquids may result in an explosion. The temperature of the hot liquid must, however,
be above the superheat limit temperature at 1 atmosphere, and the drop in tank
pressure must be very rapid. Two examples of large-scale pressure-letdown ex-
plosions are cited and possible preventative measures suggested.

Reports of explosions of tank trucks or
railroad cars carrying pressurized liquids
are frequently in the news. Investigation
of such accidents usually reveals a com-
mon scenario. The tank truck or railroad
car has been involved in an accident with
a resultant fire. Energy transfer from the
fire to the tank has two effects. First, the
liquid contents are heated, and there is a
concomitant rise in tank pressure as de-
termined by the vapor pressure of the
liquid. The tank metal wetted by the lig-
uid increases only slightly in temper-
ature, although the pressure can change
significantly since the vapor pressure is
an exponential function of temperature.
Second, for areas of the tank not in con-
tact with liquid, there is no efficient heat
absorption mechanism and the fire can
lead to rapid and large increases in the
temperature of the metal. In time, the
pressure rise causes the safety valves to
operate and more fuel is released to
exacerbate the local fire. Eventually,
through a combination of high internal
tank pressure and high metal wall tem-
peratures in regions not covered by lig-
uid, localized metal failure is initiated.

To this point, the mechanism de-
scribed is well accepted and is normally
invoked in explaining BLEVE’s (boiling
liquid expanding vapor explosions). The
new element suggested in this report
concerns events that immediately follow
the initial failure of the tank metal. Soon
after metal failure there is usually an ex-
plosion accompanied by a shock wave
that destroys and often fragments the
tank. The very rapid release of fuel is
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manifested in an impressive fire—even a
fireball—and portions of the tank can be
scattered over a wide area. In some
cases there may be a secondary fuel-air
explosion not dissimilar to those used by
the military to produce damaging shock
waves over wide areas. The question of
primary interest is: What is the source of
the initial powerful explosion?

The explanation suggested here is re-
lated to the behavior of the hot liquid as
the tank is very rapidly depressurized af-
ter failure of its metal wall. Just before
failure, the liquid was saturated—that is,
the temperature and pressure were as ex-
pected for a system where the liquid was
in equilibrium with the vapor phase.
With a rapid decay in tank pressure due
to failure of the metal wall, the bulk lig-
uid should boil and reduce the temper-
ature to a value compatible with the
lower pressure. But initiation of the boil-
ing process requires efficient nucleating
sites. There are no such nucleating sites
in the bulk of the liquid, and for a brief
period after depressurization, this bulk
liquid is superheated—that is, at a tem-
perature higher than the boiling temper-
ature predicted at the existing pressure.
If the bulk temperature is sufficiently
above the expected boiling point, a su-
perheated liquid-vapor explosion would
be expected. Such explosions are known
to occur in the microsecond time domain
with concomitant shock waves.

Superheated liquid-vapor explosions
occur frequently in some industrial oper-
ations. Usually, however, they occur
when two liquids—one hot and nonvola-
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