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Summary.—19 patients between 23 and 65 yr. of age whose chronic back pain
was caused by lumbosacral disk disease and 19 healthy volunteers matched for age and
sex were studied. Pain thresholds under phasic and tonic heat stimulation and thermal
thresholds for warmth and cold were measured on the right hand. The patients rated
any current back pain on a visual analog scale. There was a significant negative corre-
lation between current back pain and the threshold for tonic pain, but there was no
correlation between current back pain and either the threshold for phasic pain or tem-
perature sensitivity. Hence, current back pain and experimental tonic pain seem to
have 2n additive effect on pain perception because perceptual qualities are similar.
Reduced somatosensory perception of chronic back pain patients could be demon-
strated for temperature sensitivity and to a lesser degree for phasic pain, but as a
consequence of the “opposing”’ effect of current back pain, not for tonic pain percep-
tion,

Changes in the perception of pain in patients with chronic pain and the
clinical consequences of these changes have been studied increasingly in
recent years. The experimental results have been conflicting, with both
increased and decreased pain thresholds having been reported (8, 16, 18, 19,
30). This is, at least in part, because the term chronic pain is used in con-
nection with a great number of different organic and psychophysiological
dysfunctions. Consequently, it is unreasonable to expect chronic pain to have
a unidirectional effect for all pain patients, and it would therefore appear
useful first to evaluate separately the perceptual changes produced by differ-
ent forms of chronic pain.

From a theoretical point of view, however, the question remains of how
an history of chronic pain leads to changes in pain perception. There are
already some hypotheses about this process. For example, the decrease in
pain sensitivity has been explained by the adaptation level theory (13),
whereby current pain is experienced and judged within a subjective frame-
work resulting from an history of severe chronic pain. In contrast, Chapman
postulates that patients with chronic pain develop a hypervigilance to aver-
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sive stimuli, which leads to an increase in pain sensitivity (3). Individual
differences in the effects of chronic pain have been explained in terms of .the
concepts of perceptual augmenting and reducing, with an intimate relation-
ship between these concepts and opioid activity being assumed (7, 14). '

One shortcoming of all these theoretical arguments is that chronic pain
is considered to produce a change in perceptual habits only. However, we
must take into account the fact that chronic pain usually is manifest as recur-
rent pain attacks rather than as a continuous state of pain. For example,
Price and coworkers (24) found marked differences between minimum and
maximum levels of pain within one week in patients with chronic pain of
various origins. In the case of chronic back pain the causes of these varia-
tions in current pain intensity are not clear in most of the patients. There
may be contributions from nociceptive and neurogenic pain mechanisms as
well as situational influences that are the result of learned pain behavior (17,
25). Nevertheless, pain petception is likely to be affected by these variations.
We therefore postulated that chronic pain influences pain perception in two
ways: as a stable influence, by producing a change in perceptual habits, and
as a variable influence, by increasing the likelihood of having current pain.

Unfortunately, there is no solid empirical basis for predictions about the
effect of current clinical pain on the perception of experimental pain. Some
examples follow of the perceptual effects that have been reported for two
types of pain occurring concurrently. In two studies acute intraoral pain had
almost no effect on the perception of experimental pain (9, 12). In experi-
ments on ‘‘diffuse noxious inhibitory control” with the concurrent use of
two pain stimuli, long-lasting pain stimuli reduced the perception of rela-
tively short pain stimuli via a nonsegmental mechanism (21, 28, 29). In
contrast, Algom and coworkers postulated that, when two types of pain
occur concurrently, the effect on pain perception is additive, and they gave
some supporting results from studies with short aversive stimuli (1, 2). These
examples indicate that, when two types of pain occur concurrently, pain per-
ception depends largely on the kinds of pain involved. Nevertheless, the
study of the perceptual effects of chronic pain should also address the role of
the intensity of any current pain instead of disregarding it.

In the present investigation, we studied (a) the perception of experi-
mental pain in a group of patients with chronic back pain of a single origin,
lumbosacral disk disease, and (b) the effect of current back pain on pain per-
ception by these patients. With this approach we could avoid misleading
results from differing forms of chronic pain and we could investigate the two
types of effect of chronic pain postulated, a change in perceptual habits and
an increased likelihood of current pain. Past findings for patients with
chronic back pain (8, 16, 20, 30) led us to expect that our subjects without
current back pain would show an increased pain threshold. As mentioned
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earlier, we had no solid basis for predicting the effect of current back pain
on pain perception. The same was true for possible interactions between the
two types of effect of chronic pain on pain perception.

We studied pain perception with two different types of experimental
pain: phasic pain produced by heat stimuli of short duration and tonic pain
produced by heat stimuli of much longer duration. Because the affective-mo-
tivational component of pain perception is greater for tonic than for phasic
stimuli (4, 5), we anticipated that perception of the two forms of experimen-
tal pain would be influenced differently by clinical pain. To ensure that the
observed effects would in fact be pain specific and not due to general al-
terations of somatosensory perception, we also measured sensitivity to tempera-
ture with warm and cold stimuli.

METHOD

Subjects

The subjects were 19 patients with chronic back pain, whose ages were
between 23 and 65 yr. (M =43.2, SD = 10.4), and 19 healthy volunteers be-
tween 22 and 63 yr. of age (M = 44.3, SD = 10.7) matched for age and sex (9
women and 10 men each). The experiment was described to them, and they
were told that they could stop at any time. All subjects signed informed con-
sent forms. The control subjects were paid for participating.

To be included in the study the patients had to have a definite diagnosis
of disk disease in the segment L4-L5, L5-S1, or both and to have suffered
from back pain for at least one year. The patients had been having back pain
for an average of 10.3 yr. (SD =7.4), and 15 of them had had surgical treat-
ment for their disk disorder at least once. Just prior to the experiment we
assessed the current neurological status including lower tendon reflexes, the
motor and sensory status of the legs, and lumbosacral motion to reconfirm
the diagnosis. We conducted the same tests and an anamnestic interview
with the control subjects to exclude any disorders that lead to somatosensory
impairment.

A detailed description of the pain status was available for 18 patients: 2
patients described their back pain as persistent, 8 as irregularly intermittent,
3 as regularly intermittent, and 3 as associated with particular activities; 2
could give no specifications. For 13 patients the most recent pain attack had
occurred on the day of assessment, for 3 a week earlier and for 2 a month
earlier. The duration of the last pain attack ranged from one hour to more
than one month.

All patients were inpatients at a rehabilitation center. They were studied
as soon as possible after admission. The reason for admission was rehabilita-
tion after either recent back surgery or ineffective conservative outpatient
treatment. Patients with acute postsurgical complications were not admitted.
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The minimum interval between surgery and our study was one month (5 pa-
tients), with a mean of 12.9 mo. (§D =23.5). As treatment outcome with
respect to pain symptoms does not appear to differ systematically between
surgery and consetvative therapy (10), we combined patients with both ante-
cedent treatments if the other criteria were met.

The experiment described in the following was the last part of a series
of examinations requiring the subjects to be seated. Two patients developed
such severe back pain that they did not complete the session, stopping before
the tonic pain threshold had been determined.

Apparatus and Procedure

The stimulator was a temperature-controlled contact thermode that can
be both heated and cooled actively and has a stimulation surface of 2x3
em’ [modified Marstock thermode, for technical details see (11)]. The appa-
ratus also included a microcomputer to control the procedure and the
thermal stimuli, a response panel, and visual and acoustic signalling devices.
During all of the procedures the subjects had continuous control over stimu-
lus intensity via the respective response button.

The subjects sat upright at a table on which had been placed the ther-
mode, the signalling devices, and the response panel. For constant pressure
against the skin the thermode was mounted on a spring in a half sphere
made of PVC. Each subject placed the right hand on the half-sphere with
the thenar eminence on the thermode.

Determination of the phasic pain threshold.—Beginning at a base temper-
ature of 40°C, a temperature rise at a rate of 0.8°C/sec. was started 1, 2, or
3 sec. (pseudorandomized intervals) after the visual and acoustical warning
stimuli. The subjects were instructed to press a button as soon as they felt
pain for the first time. When they pressed the button, the temperature rise
stopped immediately and the temperature returned to the base value. This
procedure produced a painful stimulation of 1 sec. at most, resulting in only
a weak “‘burning” pain component. There were eight trials. The phasic pain
threshold was calculated as the mean of the peak temperatures for the last
five trials.

Determination of the tonic pain threshold.—Here the stimulus-adjustment
procedure used was derived from the ‘“‘subjective sensitization” technique
(15, 27). From a base temperature of 40°C the subjects adjusted the temper-
ature of the pain threshold using a heating and a cooling button. They
indicated their final adjustment by pushing a third button. They were then
stimulated at this temperature for another 35 sec. After this interval the sub-
jects had to readjust the temperature to the initial level of sensation.
[Depending on central temporal summation and peripheral sensitization or
fatigue of nociceptive fibers, changes in pain perception strength may take
place in an interval of this length, resulting in either an increase (sensitiza-
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tion) or a decrease (adaptation). The “‘pricking” pain component vanis%xes
soon after the onset of stimulation—this usually happens prior to the ffrst
adjustment—and a true “burning” pain component remains until stimulation
stops (6, 23, 27). The threshold of the “‘burning” pain component was there-
fore measured in two runs: before and after a period of prolonged
stimulation.] The mean of the two temperatures adjusted was used as the
threshold measure for a given trial. There were six trials. The mean of the
last five trials was used as the measure of the tonic pain threshold. The be-
ginning and end of the two stimulus adjustment periods and the interval of
constant stimulation were signalled visually and acoustically.

Determination of the warm and cold thresholds.—Starting at a tempera-
ture of 32°C, a temperature rise (warm threshold) or drop (cold threshold) at
a rate of 0.8°C/sec. was started 1, 2, or 3 sec. (pseudorandomized intervals)
after the visual and acoustical warning stimuli. The subjects had to push a
button as soon as they noticed a change in temperature. Thereupon the tem-
perature returned to the base value. The warm and cold thresholds were
assessed in two sets of seven trials beginning with the warm threshold. T}.xe
mean differences between the base temperature and the peak temperature in
the two sets were the measures of the warm and cold thresholds.

The thresholds for warm, cold, phasic pain, and tonic pain were deter-
mined in that order.

Assessment of current back pain.—Immediately before and after the
threshold measurements the patients assessed the intensity of current back
pain on a vertical visual analog scale (VAS) 10 cm in length. The lower end
point was labelled “no pain” and the upper end point ‘‘unbearable pain.”
The mean of the two ratings served as the measure of current clinical pain.
One patient did not make a rating after the experiment; in this case the ini-
tial rating was used in the subsequent analysis.

Resurts

There were no significant differences between the chronic pain patients
and the control subjects with regard to the phasic and tonic pain thresholds
(phasic: p=.14, tonic: p=.35; Mann-Whitney U, one-sided). The phasic
pain thresholds were slightly elevated in the chronic pain group (Fig. 1a), but
the tonic pain thresholds showed no difference at all (Fig. 1b). The chronic
pain patients did have significantly higher warm and cold thresholds, how-
ever (both warm and cold: p<.001; Mann-Whitney U, one-sided; Fig. 2).

To assess whether the relationships between the various thresholds were
similar in the chronic pain patients and the healthy volunteers, we calculated
Spearman rank-order correlation coefficient (p values for the one-sided test;
Table 1). The correlations between the threshold measures were consistently
lower in the pain group. Warm and cold thresholds correlated significantly in
both groups, but the thresholds for phasic and tonic pain correlated signifi-
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Frc. 1. Pain thresholds: means and standard deviations for phasic (a) and tonic (b) pain
thresholds in healthy volunteers (2 = 19) and chronic pain patients (phasic stimulation: 7 =19,
and tonic stimulation: # = 17)

cantly in the control group only. In the pain group the correlation was close
to zero, which suggests that here the pain measures for the two types of pain
do not measure the same thing.
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F16. 2. Thermal thresholds: means and standard deviations for the warm (a) and cold (b)
thresholds in healthy volunteers (# = 19) and chronic pain patients (1 = 19)

The correlations between current back pain (visual analog rating) and
the four threshold measures were as follows: rating and phasic pain: r=
-0.19, p =.22; rating and tonic pain: r=-0.51, p =.02; rating and warmth:
r=0.25, p=.15; rating and cold: r=0.31, p = .10. Hence the only significant
correlation was between the rating on the visual analog scale and the tonic
pain threshold; this was a negative correlation. The relationships between
current back pain and the phasic and tonic pain thresholds are shown in
Figs. 3a and b, respectively.

The distribution of the rating scores (see Figs. 3a and b) made it seem
reasonable to divide the patients into two distinct groups, one with little or
no back pain (low scores: rating under 35 mm; # =8) and one with severe
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TABLE 1
SPEARMAN CORRELATIONS BETWEEN THRESHOLDS FORr Priasic PAIN, ToNIiC PAIN,
WarmTH, AND CoLb IN ConTrOL GROUP (7 = 19) AND ClirONIC PAIN GROUP
(n =19 Excerr For Tonic PAmN TurestiorLps, WHERE 7 = 17)

Measure Control Group Chronic Pain Group
Tonic  Warmth Cold Tonic Warmth Cold
Phasic Pain 0.53* 0.37 0.39 0.09 0.00 0.25
Tonic Pain 0.34 0.44* -0.24 0.00
Warmth 0.84% 0.641

*p<.05. 1p<.01. 1p<.001.

back pain (high scores: rating above 60 mm; # = 11). The correlations be-
tween the rating and the four threshold measures were then ca]culat'ed for
these two subgroups separately (see Table 2). Again, there are substantial cor-
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F1G. 3. Scatter diagram for the relationship between VAS rating of current back pain and
phasic (a) and tonic (b) pain thresholds. The linear regression of “‘pain threshold” on “back
pain” was calculated separately for patients with low VAS ratings (<35 mm, »=8) and those

with high VAS ratings (> 60 mm, » = 11); for phasic stimulation # = 19 and for tonic stimulation
n=17

relations between current back pain and the tonic pain threshold only.
However, the negative correlation is significant only in the subgroup with
severe back pain. From Fig. 3b it is clear that in this subgroup, with one ex-
ception, there was a strong linear relationship with a negative slope.

TABLE 2

SPEARMAN CORRELATIONS BETWEEN RATINGS OF CURRENT BACK PAmN oN VISUAL ANALOG SCALE
AND THRESHOLDS For Puasic Pam, Tonic Pam, WarmTH AND CoLp IN CHiRONIC
PAIN Group (1 = 19 Excepr For Tonic PAIN THRESHOLDS, WHERE # = 17)
Wrrr SuBlEcTs SueDIVIDED INTO LITTLE AND SEVERE CURRENT PAIN GROUPS

Phasic Tonic Warmth Cold
Little Pain (z = 8) ~0.22 ~0.45 -0.06 -0.11
Severe Pain (1 = 11) -0.13 -0.87* 0.17 0.04

*p<.001.
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DiscussION

In the present study we postulated two types of effect of chronic back
pain, a change in perceptual habits and an increase in the likelihood of cur-
rent back pain. When we considered the two types of effect simultane?usly,
which we thought necessary (see Introduction), the perception of experimen-
tal pain appeared to be influenced in a complex manner. An unexpected
finding—if the effect of chronic pain is seen solely as a change in perceptual
habits—was that under tonic stimulation, there was no difference at all be-
tween the patient and control groups. This finding can be explained,
however, if the influence of current back pain is considered. Above a cert’a}in
minimum level of severity curtent back pain seemed to increase pain sensitiv-
ity and therefore counteracted any threshold elevation based on a change in
perceptual habits. As a result, the effect of chronic back pain observed in
other studies (8, 16, 20, 30), namely, an increase in the pain threshold, may
have been masked., But the current back pain influenced pain perception
under tonic stimulation only, not under phasic stimulation. Consequently,
the phasic pain thresholds in the patient group showed a slight elevation.
Hence, as we expected, these findings indicate that in studies of pain per-
ception in chronic pain patients the current pain state can be of importance.
This has been corroborated recently in a study by Peters and coworkers (22),
in which, in addition to the usual criterion of chronicity (duration of back
pain more than six months), daily pain attacks were required. As in our
study, no differences in pain threshold between the patients and the control
subjects were found. We therefore conclude that the current pain state is as
important as the chronicity of pain in investigations of pain perception and
that the two influences may offset each other.

One explanation for the increase in pain sensitivity produced by the
current back pain under tonic stimulation is that suggested by Algom and
coworkers (1, 2). According to their theory, after separate primary processing
of the stimuli pain perceptions from different somatosensory channels may
be integrated additively, which would then determine the over-all level of
pain. One pterequisite for such an integrative process is a certain degree of
similarity among the perceptions. This prerequisite appears to be met in the
case of experimental tonic pain and clinical pain. Perception of both of these
types of pain, in contrast to perception of pain under phasic stimulation, has
both a sensory-discriminative and an affective-motivational component (4,
5). Our tonic procedure, which produces a prolonged “burning’” pain and
thereby activates the affective-motivational pain component (6), seems also
to have met this criterion. This could mean that current back pain and tonic
pain contribute additively to the threshold level, and hence if back pain is
severe the pain threshold is reached even with mild tonic pain stimuli. This
could explain the strong negative correlation between the severity of back
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pain (above a certain intensity) and the pain threshold under tonic pain
stimuli. Inasmuch as such an additive effect did not exist for the pain
threshold under phasic stimulation, it is understandable that the corre‘lanon
between the two types of pain thresholds was close to zero for the pain pa-
tients. Similar predictions can be derived from the generalization hypc?thesm,
which claims that for chronic pain patients, the greater the similarity be-
tween the experimental and clinical pain, the greater the similarity between
the patients’ responses to the experimental and clinical pain (25). o

The finding that current back pain had no effect on thermal sensitivity
is compatible with findings for tooth pain, where thermal sensitivity was also
unaffected by the painful condition (9, 12). This makes it unlikely that the
effects of current back pain on the tonic pain threshold seen in our study
were unspecific changes in perceptual skills, such as deterioration of atten-
tion. Thermal sensitivity was reduced in the chronic pain group, howevgr.
Similar changes in thermal sensitivity and in somatosensory perception in
general in back pain patients have been reported by other authors (20, 26,
30).

Based on the findings in the present study we put forward the following
hypothesis about somatosensory perception in patients with chronic back
pain: chronic back pain tends to change perceptual habits, resulting in a
reduction in somatosensory perception. In addition, chronic back pain
predisposes patients to have episodes of current back pain, which, above a
certain minimum level of severity, affect pain perception, but not somatosen-
sory perception in general. The effect is one of a subjective sensitization.
Whether or not this happens, however, also depends on the similarity of the
clinical and experimental pain. One prerequisite for similarity is that the ex-
perimental pain have an affective-motivational component, as clinical pain
usually does. It remains to be seen whether these arguments will have to be
restricted to back pain of organic origin or can also be applied to other forms
of clinical pain.
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