
Painful Conditioning Stimuli of the Craniofacial Region
Evokes Diffuse Noxious Inhibitory Controls in 
Men and Women

Studies in animal and human experimental pain models have
shown that diffuse noxious inhibitory controls (DNIC) may
contribute to pain-modulatory effects.1–9 Their clinical signifi-

cance lies in documentation that dysfunction of these inhibitory
mechanisms and/or of related facilitatory mechanisms may be
important factors in the development and maintenance of several
chronic pain states, many of which have a female predomi-
nance.10–14 However, most of the DNIC research focus has been
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Aims: To compare the modulatory effects of tonic mechanical or ther-
mal craniofacial painful conditioning stimuli on pain sensitivity in
craniofacial and spinal test sites in healthy men and women. Methods:
Mechanical and cold headbands were developed and tested on 12
healthy men and 12 age-matched women (mean ± SEM: 27 ± 1.5
years). The pressure applied by the mechanical headband around the
skull above the eyebrows could be adjusted over time via feedback
from a 0 to 10 electronic visual analog scale (VAS) to maintain the
pain intensity at a given level for 10 minutes (3 to 7 on VAS). The cold
headband consisted of a series of plastic bags filled with antifreeze
water having a temperature of approx 3°C. During the 10 minutes of
application, the subjects were asked to rate the pain intensity on a 
10-cm VAS. Pressure pain thresholds (PPT) were recorded over the
right and left masseter muscles (MAR, MAL), right splenius muscle
(neck), right elbow (elbow), and right middle finger (finger) by a pres-
sure algometer (1-cm2 area probe). The PPTs at each of the five sites
were determined at baseline and during the mechanical or cold-
induced pain. The two sessions with mechanical or cold headbands
were performed at an interval of 30 minutes. Results: Women had 
significantly lower absolute PPT values than men at most test sites
(Unpaired t-test: P < .027). The mechanical headband caused pain in
both men (peak pain mean ± SEM: 4.7 ± 0.4 cm) and women (4.9 ±
0.4 cm) (P = .455). A significant PPT elevation was found at MAR,
MAL, neck, and finger in men (11% to 17%; P < .031) and at MAR,
MAL, and neck in women (15% to 22%; P < .020) during the
mechanical-induced pain. The cold headband caused pain in both men
(4.0 ± 0.4 cm) and women (4.5 ± 0.4 cm) (P = .285). During the cold-
induced pain, a significant PPT elevation was found at all test sites in
men (P < .023) and at all sites (P < .021) except for the finger in
women. The relative changes in PPT values were not significantly 
different between men and women at any test site (unpaired t-test: 
P > .446). Conclusion: This study has documented that mechanical
and thermal painful tonic stimuli applied to the craniofacial region can
evoke diffuse noxious inhibitory control (DNIC)-like effects in the
craniofacial region as well as spinally innervated areas, but without sex
differences. J OROFAC PAIN 2010;24:255–261
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physiology, trigeminal pain
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on the spinal nociceptive system, rather than the
craniofacial nociceptive system, and most studies
have been performed in men. Studies comparing
DNIC in men and women have so far shown con-
flicting results. Similar DNIC effects in both men
and women have been reported in two previous
studies using electric stimulation as the test stimu-
lus15 or intraoral capsaicin,16 whereas sex-related
differences have been reported in the other
studies.13,17 One reason for the conflicting data
could be due to differences in the modality of the
conditioning stimulus. To date, no human studies
have focused on sex differences in DNIC evoked
by different conditioning stimulus modalities
applied to the craniofacial region. 

The aim of this study was to compare the modu-
latory effects of tonic mechanical or thermal cran-
iofacial painful conditioning stimuli on pain sensi-
tivity in craniofacial and spinal test sites in healthy
men and women. 

Materials and Methods

Subjects

Twelve men and 12 healthy age-matched women
(mean age ± SEM: 27 ± 1.5 years) participated in
the experiment. The subjects had no signs or
symptoms of temporomandibular disorders
(TMD) in accordance with the Research
Diagnostic Criteria for TMD18 and were recruited
among university students. The study protocol was
approved by the local ethics committee in
Denmark (VN: 2008036) and followed the guide-
lines set out by the Helsinki Declaration. Informed
consent was obtained from all subjects before
study inclusion.

Experimental Protocol

Tonic noxious mechanical (conditioning) stimula-
tion was applied by a mechanical band, which
could be tightened around the skull above the eye-
brows and the pressure could be adjusted over
time. The subjects were asked to rate the pain
intensity continuously on a 0 to 10 electronic
visual analog scale (VAS). Tonic noxious cold con-
ditioning stimulation was applied by a series of
plastic bags filled with antifreeze water having a
temperature of approximately 3°C. After 10 min-
utes of application of the thermal headband, the
subject was asked to rate the pain intensity on a
10-cm VAS. The pressure pain threshold (PPT)
was recorded for right and left masseter muscles

(MAR, MAL), right splenius muscle (neck), right
elbow (elbow), and right middle finger (finger)
with a pressure algometer (Somedic). The PPTs (ie,
the amount of pressure [kPa] at which the subjects
first perceived pain) at each site were determined
in triplicate at baseline (ie, before headband place-
ment) and then in duplicate with approximately 1
minute between each repeated measurement. The
headbands were removed immediately after the
PPT recordings. The two sessions with mechanical
or cold headbands were performed in a random-
ized sequence on the same day at an interval of at
least 60 minutes. 

Tonic Mechanical Painful Stimulation

Tonic mechanical stimulation was applied by a
customized mechanical band, which could be
tightened around the skull above the eyebrows and
the pressure could be adjusted over time (Fig 1a).
Three different sizes of the headband (16, 18, and
20 cm in diameter) were made for fitting the indi-
vidual head. Firm compression around the skull
has previously been reported to cause a slowly
increasing dull, deep pain sensation mimicking
headache.19 The force applied to the head was
measured at one site on the skull (Fig 1a) with a
pressure algometer (Somedic) and adjusted using
the VAS feedback from the subjects to maintain
pain intensity at 3 to 7 on the VAS. The pain
intensity was rated by the subjects during the
experiment. The headband was kept in the posi-
tion for 10 minutes. The pain disappeared almost
instantaneously (within a few minutes) when the
headband was removed.

Tonic Cold Painful Stimulation

The cold pain stimulator was developed (Fig 1b) as
a headband comprising a series of plastic bags
filled with antifreeze water having a temperature
of approximately 3°C. The bag headband with a
width of 4 cm lightly covered the forehead, temple
region, and back of the head, and was kept in
position for a total of 10 minutes. The application
time of each bag was based on the pain intensity
rating on the VAS feedback of the subjects, so as
to maintain VAS pain intensity at 3 to 7. This
required the bag headband to be replaced with a
fresh one approximately every 3 minutes. The cold
pain disappeared soon after the headbands were
removed. 
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PPT

A pressure algometer (Somedic) was used to mea-
sure the PPTs. The PPT was defined as the amount
of pressure (kPa) at which the subjects first per-
ceived pain.20 The algometer probe (1-cm2 area)
was applied perpendicularly to MAR, MAL, neck,
elbow, and finger before and during the condition-
ing stimulation. The pressure was delivered with a
constant application rate of 30 kPa/s.20 The sub-
ject pushed a button to stop the pressure stimula-
tion when the threshold was reached. 

Statistical Analyses

The sample size was calculated with a risk of type
I and type II errors of 5% and 20%, respectively,
and a conservative estimate of the intraindividual
variation of 30% on the PPTs and a minimal rele-
vant difference to detect as 25%. Thus, a total of
24 subjects were included. 

Mean values ± SEM are presented in the text and
figures. A three-way ANOVA was performed on
the absolute PPT values to test the effect of time
(baseline, during); locations, (MAR, MAL, neck,
elbow, finger); and sex (men, women). Then, the
PPT values were normalized to the baseline value
and an additional two-way ANOVA was per-
formed on the normalized data to test the possible
time and sex effect on the relative changes of the
PPT values. The relative changes at each point
were also compared between sexes with unpaired t-
tests. A paired t-test was performed to compare
PPT values before (baseline) and during application
of the conditioning stimulation for both groups of
subjects to test whether the mechanical or cold
stimulation altered the PPTs. Unpaired t-tests were
also used to compare VAS pain evoked by the

mechanical and cold conditioning stimuli between
men and women. The significance level was set at
P < .05. 

Results

Headband-evoked Pain

The mechanical headband (Fig 1a) caused pain in
all subjects. The force applied around the skull
was 324 ± 44 kPa for men and 313 ± 38 kPa for
women, with no significant differences between
the two groups (P > .264). The peak pain intensity
evoked by the mechanical headband was 4.7 ± 0.4
cm in men and 4.9 ± 0.4 cm in women (P = .585)
(Fig 2). 

The cold headband (Fig 1b) also caused pain in
men (4.0 ± 0.4 cm) and women (4.5 ± 0.4 cm) 
(P = .285) (Fig 2). There were no differences in 
the VAS pain scores evoked by the mechanical or
cold stimulation in men (P = .777) or in women 
(P = .914). 

Fig 1  The mechanical (a) and cold (b) headbands used in the present study. Arrows indicate where the applied force
was measured.
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Fig 2  The mechanical and cold headband-evoked pain
intensity rated on a VAS by the 24 volunteers (12 men
and 12 women) (mean ± SEM).
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PPT Findings

Three-way ANOVA showed significant main effects
of locations, time, and sex (P < .01) on the absolute
PPT values. At baseline, women had significantly
lower PPT values than men at the MAR, MAL, and
neck (unpaired t-test: P < .027). An additional two-
way ANOVA on the normalized PPT values
showed a significant time effect (P < .028), but no
sex effect (P > . 464). 

Mechanical Stimulation. It was a consistent find-
ing that PPTs during mechanical painful stimula-
tion increased at all sites in men except at the

elbow (P < .031) (Fig 3a) and in women except at
the elbow and finger (P < .020) (Fig 3b). There
were no significant sex-related differences in the
relative increases at any test site (unpaired t-test: 
P > .446) (Fig 3c).

Cold Stimulation. For painful cold stimulation,
there were significant increases in PPT values at all
test sites in men (P < .023) (Fig 4a) and in women
except at the finger (P < .021) (Fig 4b). There were
no significant sex-related differences in relative
increases at any test site (unpaired t-test: P > .164)
(Fig 4c). 
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Fig 3  PPT values before (baseline) and during the appli-
cation of the mechanical headband at MAR, MAL, neck,
elbow, and finger (mean + SEM). *indicates significant
increases compared to baseline for 12 men (a) and 12
women (b) (P < .05).  There were no significant differences
for the relative increases (%) of PPT during the mechani-
cal headband application between men and women (c).
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Fig 4  PPT values before (baseline) and during the appli-
cation of the cold headband at MAR, MAL, neck, elbow,
and finger (mean + SEM).  *indicates significant
increases compared to baseline for 12 men (a) and 12
women (b) (P < .05). There were no significant differ-
ences for the relative increases (%) of PPT during the
cold headband application between men and women (c).
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Discussion

The technique described in this paper allowed
painful tonic mechanical and thermal conditioning
stimuli to be applied to the craniofacial region.
These conditioning stimuli induced DNIC-like
responses, as reflected in significantly increased
PPT values at all craniofacial as well as in most
spinally innervated test sites in both men and
women. No sex-related difference was detected in
the magnitude of the DNIC-evoked increases in
PPT values.

Methods and Study Limitations

To the best of the authors’ knowledge, this is the
first human study to have applied noxious condi-
tioning stimuli to the craniofacial region in order
to compare DNIC responses in both craniofacial
and spinally innervated areas. There are, however,
some limitations of the current methodology that
may have confounded interpretation of the results.
Three different sizes of the headband were used,
and the subjects could select a suitable size accord-
ing to the size of their head. The force applied to
the head was measured at one site of the skull (see
Fig 1a), but the distribution of the pressure to the
skin/skull could have been different from subject
to subject because of differences in head shapes. In
addition, most women had more hair at the site of
mechanical stimulation, which might have affected
the applied force. Furthermore, only healthy young
subjects were tested in the present study and;
hence, possible age-related differences in the DNIC
responses were not examined.21 The limited num-
ber of subjects (12 in each group) recruited in the
present study could have affected the detection of
possible sex differences and could explain why
some of the PPT values (eg, at elbow and finger)
showed no significant elevation during DNIC stim-
ulation. Larger study groups will be needed to
clarify sex-related differences in DNIC responses,
but the present study did not indicate major differ-
ences in the magnitude of the DNIC responses,
although at the spinal test sites women had fewer
consistent increases in PPT values than men.
Finally, a “postpain” session was not included in
the present design. Further studies will be needed
to address the time course of the DNIC effects
evoked from the craniofacial region. 

DNIC Studies in Acute Craniofacial Pain Models

It has been shown from animal studies that stimula-
tion of not only craniofacial areas but also remote
parts of the body induces modulation of jaw and
tongue inhibitory reflex responses in animals22–24

and humans25,26 to noxious craniofacial stimuli.
DNIC effects are also powerfully expressed in both
nociceptive-specific as well as wide dynamic range
neurons in the trigeminal brainstem sensory
nuclear complex, such as its subnucleus caudalis,
and are also reflected in sensorimotor behavioral
responses in which the caudalis participates.27–30

The heterotopic character of DNIC has been
demonstrated in many studies of human volun-
teers.1–9 Painful heterotopic conditioning stimuli
(thermal, mechanical, electrical, or chemical)
decrease pain perception induced by phasic nox-
ious stimulation applied elsewhere in the body.7,8,31

A recent human study has documented that nox-
ious cold stimulation of the hand induces DNIC
effects on capsaicin-evoked intraoral pain.16 The
late component of somatosensory evoked poten-
tials induced by electrical painful tooth stimulation
can also be inhibited by heterotopic ischemic stimu-
lation of the upper arm.32 DNIC evoked from the
limb also produces inhibition of nociceptive trigem-
inal-mediated reflex responses.33–35 So far, it
remains to be determined if craniofacial stimula-
tion-evoked DNIC in healthy humans has a similar
nature and potency as DNIC evoked from spinally
innervated areas.

Sex Differences in DNIC Responses

It is still unclear if there are sex differences in
DNIC as the literature shows conflicting results. In
accordance with the present findings, similar mag-
nitudes of DNIC effects in both men and women
have been reported in two studies using electrical
stimulation15 or intraoral capsaicin16 as the test
stimulus. However, sex differences in DNIC have
been reported in studies using thermal stimulation
of the hand13 or noxious stimulation of the trapez-
ius muscle.17,36 Both studies reported longer-lasting
hypoalgesia in men than in women. A recent study
comparing DNIC evoked by hypertonic saline-
induced (6%) muscle pain (tibialis anterior) or cold
pressor pain between men and women showed that
cold pressor pain increased PPT in both men and
women, with greater increases in men; hypertonic
saline-evoked muscle pain significantly increased
PPT in men but not in women.37 These data raise
the possibility that muscle pain-induced DNIC
may be sex-dependent, whereas DNIC induced by
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noxious stimulation of the forearm or oral mucosa
may not.15,16 It is also conceivable that the modal-
ity (thermal, mechanical, or chemical) and/or test
site (skin, muscle, or viscera) of the test stimulation
may be an important factor in determining whether
effects of DNIC will be different in men and
women. 

Another consideration is the potential relation-
ship between DNIC effects and psychological char-
acteristics. It has been shown that depression and
somatization are correlated with sensitivity to
experimental painful stimuli38 and clinical TMD
pain.39 Furthermore, catastrophizing scores are
correlated with pain sensitivity and often in a sex-
dependent manner.40–42 However, so far, there
have been no systematic attempts to correlate
DNIC effects with such psychological measures.

Establishing new human models that explore the
inhibitory processes of tonic and chronic craniofa-
cial musculoskeletal pain is of utmost importance
for improving our understanding of pain control.
Human experimental pain models in healthy vol-
unteers act as a bridge between animal and clinical
studies, since the effect of specific test and condi-
tioning modalities can be studied under standard-
ized and controlled conditions. The headband
model developed in the present study is effective in
evoking craniofacial DNIC-like effects and could
be a valuable tool for the study of the unique
properties of DNIC induced by pain in the cranio-
facial region.
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