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Aim: To investigate time-dependent variability and influence of test
site and stimulation area size on intraoral cold detection, warmth
detection, and heat pain thresholds. Methods: Thirty bealthy volun-
teers (15 women and 15 men) participated. Six extra- and intraoral
sites were examined, and cold detection, warmth detection, and
heat pain thresholds were measured. Time variability and influence
of spatial summation were also studied at one site—the tip of the
tongue—three times over a 6-week period. One-way ANOVA for
repeated measures and paired sample t test compared mean values
and SD within and between sites for all thresholds. Results: Several
between-site differences were significant (P < .05). Lowest intraoral
thresholds for all stimuli were measured at the tongue site, and at
the tongue, thresholds for warmth detection and heat pain, but not
cold detection, decreased with increasing size of stimulation area
(P < .05). Overall, thresholds at the tongue site varied nonsignifi-
cantly over time (P > .05). Conclusion: Test site affects orofacial
thermal thresholds substantially, whereas time variability and spa-
tial summation on the tongue appear to be modest. ]| OROFAC PAIN
2011;25:39-48
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uantitative sensory testing (QST) is used to identify and

quantify somatosensory abnormalities, usually in patients

with suspected neuropathic pain. A PubMed search on
“QST testing” found 69 articles published up to the end of Decem-
ber 2004 and another 120 from January 2005 to March 16, 2009.
Interest in QST methods is growing, presumably because equipment
is improved and procedures are validated, which makes QST more
feasible in a clinical setting and widens the range of applications.!
Svensson et al recommended that chronic intraoral pain patients un-
dergo a comprehensive clinical examination that includes orofacial
and qualitative and quantitative somatosensory examinations.* Re-
cently, the German Research Network on Neuropathic Pain (DFNS)
introduced a standardized protocol for assessing somatosensory
function at cutaneous test and control sites that takes ~1 hour.?
Thermal testing parameters are a substantial part of the protocol
and are reported to have acceptable reliability on hand as well as on
intraoral sites.>¢ Several factors—such as site, stimulation area size,
and time variability—may influence thresholds, and this has not pre-
viously been investigated extensively in the oral cavity.”*
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Temperature-sensitive afferents supplying the oro-
facial region are generally reported to be similar to
those in other somatic regions.’ Despite this, various
orofacial sites do differ in sensitivity to thermal stim-
uli.!®™ Epithelial tissue varies markedly in thickness
and degree of keratinization and hydration. Nerve
ending density also varies considerably among oro-
facial sites.!> Biophysical properties thus influence
thermal sensitivity of oral and facial sites.!>!*

The size of the thermally stimulated area may
also affect thresholds; a correlation between per-
ception threshold and stimulation area size was
found for several somatosensory measures, includ-
ing temperature. Spatial summation, which is the
phenomenon that an increase in stimulation area
size is associated with threshold reduction, has been
reported on skin for warmth stimuli,'>!® for pain-
ful heat stimuli,'”'® and for cold stimuli."” Thus, the
size of the thermode’s stimulation area influences
thermal thresholds, which is important to remem-
ber when normative values are recorded because
thermotesters can vary in size of contact area. If the
variation of a thermal threshold can be described
as a function of the size of the stimulated area, then
threshold values obtained with different thermodes
and contact areas can be compared. Extraorally, the
magnitude of spatial summation for innocuous and
painful heat has been reported to vary according to
skin type and skin sensitivity,?® but current knowl-
edge of intraoral spatial summation is sparse.®

Fluctuations over time may also affect threshold
determination; for example, Defrin et al*! and Palm-
er and Martin?? observed time-dependent variability
of cutaneous thermal thresholds. There appear to be
no published reports on intraoral threshold varia-
bility over time, and knowledge of the magnitude of
such variations is important when considering reli-
ability and applicability in clinical practice.

The aims of this study were to (1) compare ther-
mal thresholds between different orofacial sites, (2)
analyze the relationship between intraoral thermal
thresholds and size of stimulation area, and (3) in-
vestigate time-dependent variability of intraoral
thermal thresholds. Thresholds were measured ac-
cording to the DFNS protocol.

The hypotheses tested were that (1) thresholds for
perceived warmth, cold, and painful heat vary be-
tween different intraoral sites, since the biophysical
properties vary in different tissues (gingiva, muco-
sa),?? (2) thermal thresholds and size of stimulation
area are correlated, since the receptive fields of in-
traoral thermoreceptors have been reported to be
small but essentially similar to those of skin,?* and
(3) thresholds remain stable over a 6-week period,
since cutaneous thermal thresholds have been re-
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ported to be relatively stable over a 3-week period.’
To test the influence of stimulation area and time
on thermal thresholds, the tongue—reported to be
one of the most sensitive intraoral sites!’!'*—was
selected. Because specific pain conditions such as
burning mouth syndrome (BMS) affect the tongue,
somatosensory testing may provide useful diagnos-
tic information.?**

Materials and Methods
Subjects

Thirty young healthy subjects (mean age 24.9 years,
range 20 to 31) participated in the study; 15 were
women (mean age 23.5 years, range 19 to 29) and
15 men (mean age 26.3 years, range 22 to 31). All
participants were recruited from among students at
Malmo University’s Dental School. The experimen-
tal testing took place from February to April 2007.

Inclusion criteria were good health with no oro-
facial pain complaints. The exclusion criterion was
dental treatment scheduled during the study. In
agreement with the 1964 Declaration of Helsinki
(2008 revision, www.wma.net), the Regional Eth-
ics Review Board at Lund University approved the
study, and all participants signed an informed con-
sent form. Participants received no monetary com-
pensation for study participation.

Study Design
The study comprised three parts:

1. Cold detection (CDT), warmth detection (WDT),
and heat pain (HPT) thresholds as described be-
low were compared at six intra- and extraoral
sites with the same size of stimulation area.

2. At one intraoral site (the tongue), CDTs, WDTs,
and HPTs obtained with five sizes of thermode
stimulation areas were compared (see below).

3. At this same site as in part 2, CDTs, WDTs, and
HPTs were compared over a 6-week period (see
below).

Measurements of Thermal Thresholds. CDTs,
WDTs, and HPTs were measured with an MSA
Thermotest (Modular Sensory Analyzer, SOMEDIC
Sales). All measurements were made with a ther-
mode that was developed especially for intraoral
use, with a contact area of 0.81 cm?. A method of
limits was used, with ramped stimuli of 1°C/s, and
the procedure ended when the subject pressed a but-
ton. The temperature then returned to baseline at a
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Fig 1 Extra- (a and b) and intraoral (c through f) sites of thermal stimulation. (a) extra-trigeminal site on the hand (the-
nar eminence), used as a reference point; (b) skin area below the left eye (infraorbital skin); (¢) the mucosa of the lower lip
(lip); (d) the tip of the tongue (tongue); (e) buccal gingiva adjacent to the first upper left premolar (maxillary gingiva); (f)
buccal gingiva adjacent to the first lower left premolar (mandibular gingiva).

Fig 2 Intraoral thermode and plastic tips for regulating
stimulation area size.

rate of 5°C/s. CDT was measured first, followed by
WDT and HPT. Three stimuli were given to deter-
mine each threshold. The interstimulus interval was
randomized at 4 to 6 seconds. During testing, the
subject was unable to watch the computer screen.
Baseline temperature was set at 32°C for extraoral
sites and 37°C for intraoral sites because surface
temperature differs between intra- and extraoral tis-
sues?® and the baseline temperature should be per-
ceived as neutral. Cutoff temperatures were 10°C
for cold stimuli and 51°C for warm and hot stimuli.
The cold temperature cutoff was set at the ther-
mode’s lower measurement limit. Two operators
(PE and MP) trained in the investigation procedures
made all measurements. The same instructions were
given to all subjects at the three examinations. At all
examinations, the operator was blinded to previous
examination results.

Part 1: Influence of Test Site. Threshold measure-
ments were made at four intraoral and two extraoral
sites (Fig 1). These were the mucosa of the lower lip
(lip); the buccal gingiva adjacent to the first upper
left premolar (maxillary gingiva) and the first lower
left premolar (mandibular gingiva); the tip of the
tongue (tongue); the skin area just below the left eye
(infraorbital skin); and an extratrigeminal point on
the hand (thenar eminence, hereafter referred to as
thenar), which was used as a reference point. The
same operator (PE) examined all subjects once.

Part 2: Influence of Spatial Summation. Four plas-
tic tips that successively reduced the size of contact
area were manufactured for the intraoral thermode
from 1-mm thick ethylene-propylene copolymer
(Essix C+, Ortopro AB), which has a low thermal
conductivity coefficient, 0.12 W/m'K, and good
insulation properties (Fig 2). Five threshold meas-
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Table 1 Mean (and SD) Absolute Threshold Values (°C), and Deviation From Baseline Temperature (A°C) for CDT, WDT, and

HPT at All Sites

CDT WDT HPT

Examination site °C (SD) A°C °C (SD) A°C °C (SD) A°C
Intraoral

Lip 28.1 (3.0) 8.9 43.5 (4.0) 6.5 48.3 (2.3) 11.3

Maxillary gingiva 28.9 (6.2) 8.1 45.9 (2.7) 8.9 47.2 (2.3) 10.2

Mandibular gingiva 29.0 (4.4) 8.0 45.4 (2.2) 8.4 47.4 (2.3) 10.4

Tongue 34.9(1.4) 2.1 39.1(1.1) 2.1 46.3 (2.4) 9.3
Extraoral

Infraorbital skin 30.8 (0.6) 1.2 35.3(1.6) 3.3 41.0 (4.1) 9.0

Thenar eminence 27.0 (2.8) 5.0 36.6 (2.4) 4.6 45.4 (3.3) 13.4

urements each were made on the tongue for cold,
warmth, and heat pain (15 measurements total)
with these contact areas: 0.81 cm? (uncovered = no
plastic tip),0.50 cm?, 0.28 cm?, 0.125 cm?, and 0.00
cm? (fully covered = control). The first four measure-
ments in each series examined the influence of stim-
ulation area size on thermal thresholds. The fourth
plastic tip (used in the fifth measurement) fully cov-
ered the thermode surface and was used to control
for false positive answers and to check the adequacy
of the plastic’s insulating properties.

In the first 15 subjects, measurements were made
with decreasing size of stimulation area and in the
last 15 subjects, with increasing stimulation area
size. This was done to prevent bias from possible
sensitization of the stimulated area. The same op-
erator (PE) made all measurements on the same
occasion as for the part 1 measurements. A full ex-
amination (parts 1 and 2) took about 45 minutes.

Part 3: Time-dependent Variability. To examine
variability over time, tongue measurements of the
CDT, WDT, and HPT were made with the uncov-
ered thermode three times: at the first examination
and 2 and 6 weeks later. The same operator (MP)
made all measurements at 2 and 6 weeks.

Statistical Methods

All variables were continuous, and mean absolute
threshold values and SD were calculated. Because
baseline temperatures differed between extra- and
intraoral sites, mean deviations from baseline (delta
values) were calculated and used for all between-site
comparisons. For the tongue, measurements made
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with the uncovered 0.81-cm? thermode were used.

One-way ANOVA for repeated measures calcu-
lated differences between (1) the various sites, (2)
the three examinations made over 6 weeks (time-de-
pendent threshold variability), and (3) measurements
obtained with various contact area sizes. When differ-
ences were significant, a paired sample # test analyzed
absolute threshold differences, followed by Bonfer-
roni correction to adjust for multiple comparisons.
Independent sample ¢ tests calculated gender differ-
ences in age distribution. With gender as the grouping
factor, the two-way ANOVA for repeated measures
analyzed gender differences in thresholds (dependent
on site, time, and stimulation area size).

CDTs, WDTs, and HPTs obtained from tongue
measurements were plotted against the five sizes of
stimulation areas (0.125 to 0.81 cm? and the fully cov-
ered control tip). For each modality, equations in the
form of y = mx + b were calculated to determine 1 (the
slope)—the magnitude of spatial summation. Scatter-
dot graphs were drawn to examine spatial summation
patterns (1) for the group as a whole, (2) between the
two subgroups stimulated in order of increasing or
decreasing size of contact area, and (3) between indi-
viduals. To examine intraindividual variance between
thermal sensitivity on the maxillary and mandibular
gingivae, mean values and ranges of threshold differ-
ences were calculated for all thresholds.

Distributions of all data were analyzed in Quan-
tile-Quantile plotting. Statistical tests were done
two-tailed and at the 5% significance level. All sta-
tistical calculations were made using the Statistical
Package for the Social Sciences (SPSS, version 16.0
for Windows, IBM).
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Table 2 Mean (and SD) Absolute Threshold Values (°C) for CDT, WDT, and HPT of All Stimulation Area Sizes on the Tip

of the Tongue (Baseline Temperature was 37°C)

Area
0.81 cm? (SD) 0.50 cm? (SD) 0.28 cm? (SD) 0.125 cm? (SD) 0.00 cm? (SD) (control)

coT 34.9 (1.4) 35.6 (0.9) 35.3 (1.1) 35.0 (1.4) 14.0 (5.4)
WDT 39.1 (1.1) 39.3 (1.4) 40.2 (1.8) 40.8 (1.6) 48.8 (2.1)
HPT 46.3 (2.4) 47.0 (2.5) 47.6 (2.4) 47.6 (2.4) 51.0 (0)
Results

551
Thermal Thresholds o °

u

All thresholds (CDT, WDT, and HPT) were normal- o —— 7
ly distributed (Table 1). 4571

CDTs. There were significant differences in — [ - WDT
CDTs between sites (ANOVA, F, .. = 32.564; e o .
P < .001). Intraorally, the lowest CDTs occurred at 3 e e

.. < 351 *>- —
the tongue. Tongue CDTs were significantly lower 3 ChT
than those at all other intraoral test sites (P < .01); £ 3.
between-site differences in CDT at all other in- g
traoral sites were nonsignificant. The mean intrain- o o |
dividual difference in CDT between the mandibular .
and maxillary gingiva was 3.8°C (SD 3.3°C, range 00
10.3°C). Extraorally, significantly lower CDT values
occurred at the infraorbital skin than at the thenar 15
site (P < .01). .

Comparisons of CDTs between extra- and in- 10 : : : : :
traoral sites revealed that the thenar differed sig- Control  0.125 028 050  0.81
nificantly from the lower lip (P < .01), mandibular Stimulated area (cm?)
gingiva (P = .03), and tongue (P < .01), whereas the

infraorbital skin site differed from all intraoral sites
(tongue: P = .045; all others: P < .01).

WDTs. WDTs differed significantly between sites
(ANOVA, F ;) = 40.914; P < .001). Intraorally,
WDTs were significantly lower at the tongue than
at all other intraoral sites (all P < .01); between-site
differences in WDT at all other intraoral sites were
nonsignificant. The mean intraindividual difference
in WDT between the mandibular and maxillary gin-
giva was 1.9°C (SD 1.8°C, range 8.2°C). Extraoral-
ly, there were no differences in WDT between the
infraorbital skin and thenar sites after Bonferroni
correction.

Comparisons of WDTs between intra- and ex-
traoral sites showed that the thenar differed signifi-
cantly from the tongue and maxillary/mandibular
gingiva, and infraorbital skin differed from all in-
traoral sites (all P < .01).

HPTs. Between-site differences in HPTs were also
seen (ANOVA, F; |, =14.634; P <.001). Intraoral-
ly, the HPT was significantly lower at the tongue

Fig 3 Spatial summation for CDT, WDT, and HPT on
the tip of the tongue. When the size of the stimulated area
increased, spatial summation was observed for WDT and
HPT (decreases in threshold), but not for CDT. Thresh-
olds obtained with fully insulated (control) tip to the far
left; the HPT value represents cutoff temperature.

than the lip (P < .01); there were no other signifi-
cant intraoral between-site differences in HPT. The
mean intraindividual difference in HPT between the
mandibular and maxillary gingiva was 1.5°C (SD
1.6°C, range 6.8°C). Extraorally, the HPT at the in-
fraorbital skin site was significantly lower than at
the thenar (P < .01).

Extraoral-intraoral comparisons of HPTs showed
that the thenar differed significantly from all in-
traoral sites (lower lip: P = .03; all others: P < .01),
whereas infraorbital skin HPT only differed from
the lower lip (P = .045).
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504 OFirst examination
O After 2 weeks
[ After 6 weeks

O 45.

404

Thermal threshold

T
351

30

CDT WDT HPT

Fig 4 Variability of CDT, WDT, and HPT thresholds on
the tip of the tongue over 6 weeks: at first examination
and after 2 and 6 weeks. Absolute threshold values and
SD (°C) are shown. *Significant difference (after Bonfer-
roni correction) relative to first examination (P = .018).

Spatial Summation of Thermal Stimuli

Table 2 lists absolute threshold values for the vari-
ous stimulation area sizes. WDT and HPT decreased
with increasing size of stimulation area, while in
general, stimulation area size had little effect on
CDT (Fig 3).

During the control measurements of CDT, WDT,
and HPT with the fully covered plastic tip, 17 out of
30 subjects reported being able to detect cold (mean
CDT: 14.0°C, SD: 5.35°C) and 12 out of 30 sub-
jects, warmth (mean WDT: 48.9°C, SD: 2.12°C). No
subject reported heat pain.

CDTs. Interindividual variability in the influence
of stimulation area size on CDTs was large. In some
individuals, CDT increased with increasing size of
stimulation area; in others, the opposite occurred.
Stimulation order—whether stimulation occurred
in order of increasing or decreasing size of contact
area—had no effect on CDTs. Because of this large
variability, no linear association between CDT and
stimulation area size was observed. CDTs were sig-
nificantly lower for the 0.50-cm? than for the 0.81-
cm? contact area size, and for the 0.50-cm? than for
the 0.125-cm? area size (both P = .006). Compari-
sons of CDTs between all other area sizes yielded no
significant differences. Mean range of intraindivid-
ual variation in CDT for the four stimulation area
sizes was 0.71°C (SD 0.99°C).

WDTs. All subjects experienced spatial sum-
mation of WDT, and magnitude was independ-
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ent of stimulation order. Interindividual variation
was considerable. According to the linear relation
(y = =.5788x + 41.301), WDT decreases by 0.06°C
for every .1-cm? increase in stimulation area size.
The WDT obtained with the uncovered 0.81-cm?
thermode differed significantly from the WDTs ob-
tained with the 0.28-cm? and the 0.125-cm? plastic
tips (both P < .01), the 0.50-cm? tip differed sig-
nificantly from the 0.28-cm? and the 0.125-cm?
tips (both P < .01), and the 0.28-cm? tip differed
significantly from the 0.125-cm? tip (P = .006). In
these comparisons, the larger area size had the low-
er WDT. Mean range of intraindividual variation in
WDT for the four stimulation area sizes was 1.63°C
(SD 1.02°C).

HPTs. With few exceptions, most subjects experi-
enced spatial summation of HPT, and interindivid-
ual variation was large. When stimulation occurred
in order of decreasing area size, threshold differ-
ences between the tips were considerably smaller
than when stimulation order was reversed. HPTs
obtained with the smaller area sizes varied depend-
ing on whether the site had been previously stimu-
lated; recent stimulation of a site with a larger-sized
contact area yielded a lower HPT when the site was
stimulated with a smaller-sized contact area.

HPT obtained with the 0.81-cm? thermode tip at
the tongue was significantly lower than HPTs ob-
tained with the 0.50-cm? (P = .024), the 0.28-cm?,
and the 0.125-cm? plastic tips (both P < .01); like-
wise, the HPT obtained with the 0.50-cm? tip was
lower than the HPTs obtained with the 0.28-cm?
(P <.01) and the 0.125-cm? tips (P = .042). No sig-
nificant difference occurred between the two small-
est area sizes. When HPTs for all 30 subjects were
pooled, irrespective of stimulation order, the linear
relation was y = —.4353x + 48.223: HPT decreased
by 0.04°C for every 0.1-cm?increase in stimulation
area size. Mean range of intraindividual variation
in HPT for the various stimulation area sizes was
1.26°C (SD 1.42°C).

Time-dependent Variability

There was a tendency for thresholds on the tongue
tip to be lower in the first round of examinations
and higher in subsequent examinations (Fig 4) but
overall, the tongue threshold variation over time was
not statistically significant. After Bonferroni correc-
tion, the only significant difference in any of the
three thresholds occurred in HPT—Dbetween the first
and 2-week examinations (P = .018). All threshold
variations were in the range of = 1°C: CDT, 0.95°C
(SD 2.23°C); WDT, 0.58°C (SD 1.31°C); and HPT,
0.8°C (SD 1.72°C).
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Subjects and Gender Effects

Proportions of men and women were equal at
baseline. Mean age for men was significantly high-
er (P =.03) than for women.

No gender-dependent differences in mean thresh-
olds were seen at any site or over time at the tongue
site. The relationship between thresholds and stim-
ulation area size on the tip of the tongue differed
nonsignificantly between men and women.

Withdrawals

Due to a procedural error during start-up of the
thermotesting equipment, the baseline temperature
was inadvertently changed for four subjects during
the 2-week follow-up examination. These subjects
(three men, one woman) were withdrawn from
part 3. One subject (a woman) chose not to con-
tinue participation after part 1 and 2 for reasons
unrelated to the study. All other examinations were
completed for all subjects. The five withdrawals did
not significantly alter the age or gender distribution
of the material.

Discussion

The main findings of this study were that (1) thresh-
olds differed markedly between various intraoral
sites, (2) spatial summation at the tip of the tongue
occurred for WDT and HPT but not for CDT, but
the variation in stimulation area size-dependent
threshold was, in general, modest, and (3) the time-
dependent variability in threshold measurements at
the tip of the tongue was, in general, not significant.

Influence of Test Site

The tongue appears to be particularly sensitive; sub-
stantial threshold differences between the tongue and
other intraoral sites were found for all thermal stimuli,
which agrees with Svensson et al.?® Thresholds on the
lower lip were intermediate in value, more similar to
gingival than to tongue thresholds. On the group level,
gingival sites differed relatively little between the up-
per and lower jaws for all stimuli; similarities in in-
nervation probably explain this finding. But on the
individual level, some experienced substantial differ-
ence between jaws, particularly for CDTs. An earlier
study found that when comparing left- and right-side
maxillary gingiva in healthy subjects, substantial side-
to-side differences in thermal thresholds were also
frequent on the individual level, whereas at the group
level, there were no significant side-to-side differences.®

Pigg et al

These findings indicate that some variation in
thermal thresholds between the upper and lower
jaw and between sides is normal and can be ex-
pected within an individual; the normal range of
these variations remains to be determined. This is
important clinically because QST can be used to in-
vestigate therapy-resistant intraoral pain, which is
frequently located in the gingival area adjacent to
a tooth. The threshold differences between various
orofacial sites observed here indicate that if abnor-
mal changes in thermal sensitivity are to be detect-
ed, it is essential to establish normative values for
the particular site examined or for one with similar
biophysical properties.

There are several previous reports of thermal
threshold differences between various body sites.!>?’
Sensitivity to warmth differs greatly over the surface
of the body, but in no other region has it been report-
ed to change so much over a short distance as in the
orofacial region. Green' reported that sensitivity to
warmth changed by a factor of almost four to one
over a distance of a few centimeters; from the external
(cutaneous) side of the lip to the internal (mucosal)
side, the external side being the more sensitive by far.

Green and Gelhard!! reported extraoral (facial)
sites to be more sensitive to warmth than intraoral
sites, except for the tip of the tongue, which is also
consistent with the present findings. In this study,
the tip of the tongue was significantly more sensitive
to warmth than the infraorbital skin site, whereas
Green'* found tongue sensitivity to be similar to
that of the vermilion lip but lower than that for the
infraorbital skin. Methodological differences prob-
ably account for this difference in observations.
Similarly, the tongue site was more sensitive to cold
than any other intraoral site and similar to the in-
fraorbital site.

The present study found no significant differ-
ences in threshold values between men and women.
Defrin et al reported a similar finding for HPT on
the dorsal hand skin,?® whereas others have found
that women in general have lower sensory thresh-
olds—for example, Meh and Denislic, who reported
significantly lower heat pain thresholds in women
for a range of cutaneous sites, including the face,
but found no gender effect in warm-cold difference
limen (the temperature interval between perceived
warmth and perceived cold).”

Influence of Stimulation Area Size
Spatial summation in men and women was similar
for all stimuli in the present study. This is consistent

with the findings of others; Defrin et al*® found no
gender-related differences in spatial summation to
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pressure pain, and Lautenbacher and coworkers?!
reported the same for heat pain and pressure pain.
The sample size in the present study was too small
to achieve adequate power to detect gender-related
threshold differences, which if present, may be fair-
ly small; therefore, the present analysis should be
judged with caution.

Spatial summation was more pronounced for
warmth detection than for painful heat, but the
magnitudes of all threshold differences were small.
This could be due to the range of contact area sizes,
which by necessity was smaller compared to what
can be used elsewhere on the body. Heat pain has
been reported to differ from warmth in that warmth
exhibits considerable spatial summation,* but con-
siderable spatial summation to painful heat stimuli
has also been demonstrated.'®

No spatial summation to cold was observed in
this study. In contrast, Stevens and Marks' found
spatial summation to cold stimuli on cheek skin.
This could reflect differences in density of cold-
sensitive afferent fibers or in biophysical properties
between the tissues, or possibly that the range of
stimulation area sizes used in the present study was
small compared to the range of contact area sizes
used in the Stevens and Marks study.

Although threshold variation was small in abso-
lute values, there were statistically significant differ-
ences between several area sizes for all modalities.
For WDT and HPT, this likely reflects true spatial
summation, since the direction (larger areas are as-
sociated with lower thresholds) of the relationship
between area size and threshold was similar for
most subjects and could be described as linear. For
CDT, interindividual differences were too large to
make such an assumption.

But despite statistical significance, the magnitude
of threshold differences was modest. Intraorally,
most possible test sites are small by nature, so small
thermodes must be used for thermal stimulation.
Since spatial summation on the tongue was small
for WDT and HPT and inconclusive for CDT with
contact areas up to 0.81 cm?, the impact of stimula-
tion area size seems relatively low compared to the
impact of site location. Different thermode sizes for
intraoral use, for example, SOMEDIC and Medoc
probes, can be considered essentially equal, and,
therefore, results from studies using different ther-
motesters are possible to compare.

The present study used a set of manufactured
plastic tips to reduce the size of stimulation area.
Because the contact surface between tissue and ther-
mode for the 0.50-, the 0.28-, and the 0.125-cm?
stimulation areas comprised part thermoconducting
material and part plastic, it was necessary to ascer-
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tain that the plastic actually insulated the subject’s
tissue from the covered part of the thermode. The
fully covered control tip resulted in markedly higher
CDTs and WDTs, compared to when the thermode
was partially or fully uncovered. Some subjects did
report that they could feel cold and warmth (but
not heat pain) during control testing; but in these
subjects, control tip thresholds still differed signifi-
cantly from thresholds measured with a partially or
fully uncovered thermode.

Because control tip thresholds were further from
baseline temperature and took longer to reach
than exposed thermode thresholds, stimulation
times were longer. Control tip stimulation caused a
build-up of heat (or cold) in the material, and after
enough time, the temperature level was within the
range of detection for some subjects. This implies
that when using the 0.50-,0.28-, and 0.125-cm? tips,
some thermal build-up will also occur, which theo-
retically could affect threshold levels. The authors
consider this risk to be minimal, since a threshold
that is measured with a fully insulated thermode
occurs only after radically prolonged stimulation—
the threshold level difference is such that before the
heat (or cold) accumulating in the plastic reaches
a detectable level, the subject will already have re-
sponded to the temperature of the exposed area and
ended stimulation.

Time Variability

A significant time-dependent variation was only
found for HPT, which could possibly be related to
the relatively small number of subjects in this study.
All three thresholds varied slightly over time. Others
have also reported fluctuations in sensory thresholds
over time in healthy individuals.?%? In this study,
differences tended to be largest between the first
and the other two examinations; there were no sig-
nificant differences between the 2- and 6-week ex-
aminations. Possibly the presence of a “first session
effect” could be the explanation for this. Bushnell
and colleagues reported lower thresholds for WDT
and HPT when attention to stimuli was high,* and
James and colleagues reported 16% lower vibration
detection thresholds on the first examination than
on the second and third (P < .02).3* Also, since one
examiner conducted the first examination and an-
other conducted the 2- and 6-week examinations,
interexaminer differences cannot be ruled out as a
source of the observed time variations. But instruc-
tions to subjects were the same for all examinations,
and assessments were performed with minimal par-
ticipation from the examiner—the subjects held the
thermode against the tip of their tongue and inter-
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rupted stimulation by pressing a button of their
own accord; the role of the examiner was mainly
that of surveillance during measurement. In addi-
tion, the authors have recently demonstrated, using
identical testing procedures, acceptable intra- and
interexaminer reliability for thermal threshold as-
sessments on the tongue.®

All differences over time were in the range of = 1°C,
which can be compared to the spatial summation find-
ings that were in the same range; an important find-
ing may be the fairly large interindividual variation
indicated by the SD values, suggesting that, at least for
some individuals, thresholds may vary considerably
over time. This should be taken into consideration in
the clinical situation.

Generalizability

Normative values for intraoral thermal thresholds
of various gingival and mucosal sites so far have
not been determined. Manrique and Zald measured
CDT and WDT at the tip of the tongue and found
the thresholds to be higher than those in the present
study; methodological differences, particularly their
use of a plastic film covering the entire thermode
surface, likely account for this difference.>® Others
have reported tongue CDT, WDT, and HPT in the
same range as the present findings.>*3¢

The extraoral HPTs in the present study were
within the normal ranges reported previously.?*
As for WDT and CDT, the thresholds were higher
(further from baseline) than the normative values
earlier reported’®; however, in that study, a 50 X
25-mm thermode was used compared to the 9 X
9-mm thermode used in the present study, and spa-
tial summation conceivably could account for the
threshold differences. Therefore, the authors believe
the present findings are representative for thermal
thresholds in the orofacial area.

Limitations and Strengths

Among the limitations of this study, the plastic tips
manufactured for spatial summation assessment did
not perfectly insulate the probe, which may com-
promise spatial summation assessment. The inter-
stimulus interval used for HPT was shorter than
that used in some other studies to avoid sensitiza-
tion or habituation,’?” which may have affected the
HPT levels. Another weakness is that different ex-
aminers performed the testing at first and at later
examinations, which could affect the time variabil-
ity analysis as noted above.

A strength of this study relates to its examination
of potential sources of variation in current thermal
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testing methods used, for example, in the compre-
hensive QST protocol recommended by the DFNS.
It is important to realize that there are substantial
differences even between intraoral sites not far
separated, and intraoral reference values must ac-
commodate this. The fairly small spatial summation
and time variability reported in this study will give
higher credibility to normative values when such are
available.

Conclusions

Intraoral thermal thresholds are affected by site lo-
cation. If CDT, WDT, and HPT are to be used to
disclose somatosensory deficits in various orofacial
pain conditions, normative values should be deter-
mined for different intraoral sites. Spatial summa-
tion on the tongue is small for WDT and HPT and
inconclusive for CDT with thermode contact areas
of 0.81 cm? and smaller. Threshold variability over
a 6-week period is modest. Future studies should
determine ranges of normal variance for intraoral
thermal thresholds at various sites and study the
reliability of threshold measurements when soma-
tosensory changes and pain are present.
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