
Temporal Summation of Pain Characterizes Women but
not Men with Temporomandibular Disorders

Temporomandibular disorders (TMD) are various pathologic
conditions that affect the muscles of mastication and the
temporomandibular joint (TMJ). Temporomandibular dis-

orders are characterized by a strong gender predilection, with
female to male ratios of 1.5 to 2:1 in the general population1 and
8 to 9:1 among patients presenting for treatment in tertiary orofa-
cial pain clinics.2 TMD may be acute and self-limited or may
result in chronic pain and dysfunction greatly affecting the
patient’s quality of life. They are recognized as the most common
cause of chronic pain in the orofacial region.3 Moreover, pain is
the predominant symptom that motivates TMD patients to seek
treatment.4 Nevertheless, the cause of TMD pain is often elusive,
since pain does not always correspond to observable clinical signs
or physical pathology.5,6

To explore the mechanisms that underlie TMD pain, a plethora
of studies have examined the sensitivity of TMD patients to exper-
imentally evoked pain (for review see Sarlani and Greenspan,
2003).7 Several of these studies have demonstrated that TMD
patients are more responsive to experimental pain not only in the
orofacial region but also in various remote bodily sites, suggesting
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Aims: To examine differences in temporal summation of mechani-
cally evoked pain between women and men suffering from chronic
pain associated with temporomandibular disorders (TMD), as well
as between male TMD patients and healthy controls. Methods:
Series of 10 repetitive, mildly noxious mechanical stimuli were
applied to the fingers of 27 female TMD patients, 16 male TMD
patients, and 20 healthy men. The subjects rated the pain intensity
caused by the 1st, 5th, and 10th stimulus in the series. Pain ratings
were analyzed by 3-way repeated-measures analysis of variance.
Results: Pain ratings increased significantly with stimulus repeti-
tion for the female TMD patients (P < .001). Women with TMD
exhibited significantly greater temporal summation of pain than
TMD men (P < .001). Neither the healthy men nor the male TMD
patients exhibited significant increases in pain perception with
repetitive stimulation. In the female TMD patient group, percep-
tual pain magnitudes were higher with an interstimulus interval of
2 seconds rather than 10 seconds (P < .005). Conclusion: These
findings suggest that central nociceptive processing upregulation is
likely to contribute to TMD pain for women but is not a factor for
men with TMD. J OROFAC PAIN 2007;21:309–317
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a generalized upregulation of nociceptive input
processing in this patient population. In addition,
Maixner et al8 reported that female TMD patients
exhibit more pronounced temporal summation of
pain upon repetitive noxious heat stimulation of
their hand compared to healthy controls. Similarly,
a previous study by the present authors demon-
strated that the temporal summation of pain upon
repetitive noxious mechanical stimulation on the
fingers of the hand was greater among female
TMD patients than age-matched healthy women.9

Temporal summation of pain is the increase in
perceived pain intensity when repetitive noxious
stimuli of constant intensity are applied at a fre-
quency greater than 0.2 to 0.3 Hz. Temporal sum-
mation is regarded as the psychophysical correlate
of wind-up.10 Wind-up is the increase in the mag-
nitude and frequency of the responses of central
nervous system (CNS) nociceptive neurons when
repetitive noxious stimuli of constant strength are
applied at a frequency greater than 0.33 Hz.11,12

Several lines of evidence strongly suggest that
wind-up and temporal summation of pain share
common central mechanisms.13–18 Accordingly,
greater temporal summation of pain in female
TMD patients is likely to indicate a generalized
hyperexcitability in central nociceptive processing.

Because of the greater prevalence of TMD
among women, all previous studies examining
experimental pain sensitivity in TMD patients
included either exclusively female patients or only
a small number of male patients. Consequently,
gender differences in experimental pain sensitivity
among TMD patients have not been investigated
to date. The presence of such differences may indi-
cate sexually dimorphic TMD pain mechanisms.
The aim of this study was to examine differences
in temporal summation of mechanically evoked
pain between women and men suffering from
chronic TMD pain as well as between male
patients and healthy controls. 

Materials and Methods

Subjects

Twenty-seven female TMD patients (22 right-
handed), 16 male TMD patients (13 right-handed),
and 20 healthy men (17 right-handed) participated
in the present study. The mean age of the female
TMD patient group was 36.1 years (age range, 19
to 65 years), the mean age of the male TMD patient
group was 35.9 years (age range, 24 to 57 years),
and the mean age of the healthy men was 37.8 years

(age range, 19 to 67 years). Twelve female TMD
patients were taking oral contraceptives. None of
the 5 postmenopausal female TMD patients was
receiving hormone replacement therapy.

Twenty-one female patients and 16 male
patients were recruited from TMD patients partici-
pating in a clinical trial assessing various TMD
treatment modalities. These subjects were tested
prior to the start of their treatment regimen.
Another 6 female patients were recruited from
TMD patients seeking treatment at the Brotman
Facial Pain Center of the University of Maryland.
The healthy male patients were recruited by posted
announcements at the university campus. The sub-
jects were naïve regarding the specific aims of the
study. All subjects provided informed consent and
were paid for their participation. This project was
approved by the Institutional Review Board for the
Protection of Human Subjects of the University of
Maryland, Baltimore.

The exclusion criteria for all subjects included
serious injury to the hands at any time; systemic
rheumatic diseases, such as systemic lupus erythe-
matosus or rheumatoid arthritis; vascular disor-
ders, such as giant cell arteritis; neurologic disor-
ders, such as multiple sclerosis or trigeminal
neuralgia; neoplasia; pregnancy; or self-report of
substance abuse. In addition, healthy subjects were
excluded if they had masticatory myofascial pain,
TMJ arthralgia, degenerative joint disease, and/or
disc displacement without reduction, as well as if
they complained of frequent and/or persistent pain
in any region of the body.

The main inclusion criterion for the patient
group in this study was a primary diagnosis of
masticatory myofascial pain according to the
Research Diagnostic Criteria for Temporoman-
dibular Disorders.4 Masticatory myofascial pain
involves pain originating from the jaw, temples,
face, periauricular area, or inside the ear during
rest or during function, as well as pain upon pal-
pation of at least 3 of 20 specific masticatory mus-
cle sites. Patients participated in the study only if
they reported myofascial pain with a duration of
more than 3 months. Patients with painful disc dis-
placement without reduction were excluded from
the study. Patients with arthralgia were not
excluded from the study, provided that they satis-
fied the aforementioned inclusion criteria.

Normally cycling female patients who were not
taking oral contraceptives were tested between the
4th and 9th days of their menstrual cycle to dimin-
ish the fluctuation of the gonadal steroid hor-
mones, which may influence the responses to nox-
ious stimulation.19,20
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Experimental Design

All subjects participated in 1 experimental session
lasting 60 to 90 minutes. Initially, subjects were
screened for study inclusion by obtaining a medi-
cal/dental history and performing a clinical exami-
nation. Next, the subject’s mechanical pain thresh-
old was assessed. In addition, the subject was
introduced to the temporal summation testing and
was trained until (s)he became familiarized with
the rating procedures. Prior to data collection, all
subjects completed the Beck Depression Inventory,
the State-Trait Anxiety Inventory, the Pain
Catastrophizing Scale, and the Insomnia Severity
and Anxiety Sensitivity Inventories. Next, the tem-
poral summation of mechanically evoked pain was
assessed, by delivering repetitive noxious mechani-
cal stimuli to the fingers of the left hand, after
interstimulus intervals (ISIs) of 2 and 10 seconds.
At the end of the experimental session, the subjects
completed the State Pain Catastrophizing Scale,
and also rated the anxiety they experienced during
the experiment on a 10-cm visual analog scale
(VAS) anchored with 0 indicating “no anxiety”
and 10 indicating “anxiety as bad as could be.” In
the same session, the same subjects participated in
a test of stimulus conditioning effects upon
mechanical pain, the results of which are to be
reported separately. 

History and Clinical Examination

At the beginning of the experimental session a
medical/dental history was obtained from all sub-
jects. All patients rated the average intensity of
their facial pain in the past 3 months on a numeric
pain rating scale from 0 to 10, where 0 represented
“no pain” and 10 “pain as bad as could be.” In
addition, they completed the Brief Pain Inventory,
and they indicated how many days per week on
average in the previous 3 months they had experi-
enced TMD-related pain. Moreover, all subjects
indicated on a 0-to-5 numeric scale, where 0 repre-
sented “not at all” and 5 “extremely,” how much
they had been distressed by pain in 8 bodily sites
in the previous month. A total body pain score
was obtained for each subject by summing the
pain distress ratings of all bodily sites.

All subjects underwent a clinical examination
according to the Research Diagnostic Criteria for
Temporomandibular Disorders.4 The examination
included assessment of (a) joint function, (b) sensi-
tivity of the temporomandibular joints and the
masticatory muscles to finger palpation, and (c)
joint sounds. The following sites were palpated:

temporalis (anterior, middle, posterior, tendon),
masseter (origin, body, insertion), posterior
mandibular region, submandibular region, lateral
pterygoid area, lateral pole of the TMJ, and poste-
rior attachment of the TMJ. Approximately 2 lb of
pressure was used for the extraoral muscles and
approximately 1 lb for the joints and intraoral
muscles. To measure the sensitivity of muscles and
joints, the subjects rated the pain evoked by palpa-
tion as “none” (0), “mild” (1), “moderate” (2), or
“severe” (3). A total palpation pain score for each
patient was obtained by summing the pain ratings
of all palpation sites. 

Mechanical Stimulation

Mechanical stimuli were applied with a computer-
controlled linear motor (Neurologic, Bloomington,
IN) under force feedback regulation (model 501
motor controller; Biocommunication Electronics,
Madison, WI). A computer program sent command
signals to the controller in accordance with pre-
scribed timing of specified forces. A force trans-
ducer in line with the stimulation probe sent feed-
back signals to the controller and to an oscilloscope
used by the experimenter to verify appropriate stim-
ulus delivery. The system was calibrated every day,
after a warm-up period but before the first subject
was tested. A stainless-steel probe with a circular
contact surface of 0.245 mm2 was affixed to the tip
of the stimulator and used to apply brief mechani-
cal stimuli to the dorsal surface of the middle pha-
lanx of the 2nd, 3rd, or 4th finger. The probe was
examined under a light microscope at regular inter-
vals throughout the data collection period to ensure
that its shape remained unchanged, as it has been
shown that probe shape can have an effect on the
perceived pain sensation.21

During the sensory testing sessions, the subject
was seated comfortably on a chair with his or her
left arm resting on a table. The left hand was sup-
ported, palmar surface down, by a convex mold,
while the finger that was to be stimulated was fur-
ther supported by polymer clay on top of the mold,
which was made to conform to the finger’s shape.
A curtain prevented the subject from viewing the
probe and their left hand during the experiment.

Pain Threshold Estimation and Temporal
Summation Training

Each subject’s mechanical pain threshold was
determined with an ascending method of limits
protocol.21,22 Stimuli consisted of a series of forces
ranging from 10 to 250 g (98 mN to 2.45 N). The
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stimuli were 0.9 second in duration, consisting of a
0.4-second rise time, a 0.4-second fall time, and a
0.1-second hold time. The ISI in this ascending
series of stimuli was 14 seconds. The probe was in
contact with the skin throughout each ascending
series of stimuli, applying approximately 5 g of
resting force. It was retracted and manually moved
to another finger between successive series. The
subjects were informed that a stimulus would be
applied to their fingers every 15 seconds and were
asked to report whether the stimulus was painful.
They were also told that they should discriminate
between sharpness and other sensations and pain
and report only the latter.

In the first ascending series, the first stimulus
presented was 20 g. The amount of force used for
successive stimuli was increased in increments of
20 g to obtain a gross estimation of the subject’s
pain threshold. For the remaining 3 to 4 series of
stimuli, the first stimulus was well below the sub-
ject’s grossly estimated pain threshold, and subse-
quent stimuli were applied in 5-g increments.
However, the 6th and 10th stimuli in each series
were well below the subject’s grossly estimated
pain threshold to reduce the subject’s expectation
of ascending forces. The ascending series was ter-
minated when the subject provided 2 or 3 pain
reports or when the largest force (250 g) was deliv-
ered. The pain threshold was estimated as the mid-
point of the last stimulus reported as nonpainful
and the first stimulus reported as painful.

Following estimation of the mechanical pain
threshold, the subject was trained with 2 random
and 2 descending series of 10 stimuli at ISIs of 5
and 2 seconds. The purpose of this training was to
familiarize the subject with the shorter ISIs and the
rating procedures and to prevent the expectation
of progressively increasing stimuli. 

Temporal Summation Testing

Temporal summation was tested with a series of 10
repetitive stimuli on the fingers of the left hand at
an intensity of 1.5� the individual subject’s pain
threshold. This stimulus value was chosen to assure
a mild but distinctly painful sensation that would
be of comparable perceived intensity for all subjects
at the start of the series of 10 stimuli. As with the
training sessions and threshold determination, each
stimulus was 0.9 second in duration, consisting of a
0.4-second rise time, a 0.4-second fall time, and a
0.1-second hold time. The first series was applied at
an ISI of 10 seconds and the 2 remaining series at
an ISI of 2 seconds. Successive series were applied
on different fingers but on the same digits on which

thresholds were based. The stimulation order of the
fingers was randomized across subjects. More than
3 minutes elapsed before the same finger was res-
timulated to allow any residual effects of prior
stimulation upon nociceptors to dissipate.23

Moreover, each stimulation series was delivered on
a previously unstimulated site of the skin.

The subjects verbally rated the perceived pain
intensity evoked by the 1st, 5th, and 10th stimuli in
a train by referring to a numeric pain rating scale
visually displayed in front of him or her. This scale
was marked along one side with numbers from 0 to
100 in increments of 10; 5 descriptors (not at all
painful, slightly, moderately, highly, and extremely
painful) indicated the meanings of the numbers.
This scale has been used previously.24 The subject
was cued about the initiation of a new train of stim-
uli 5 seconds before the first stimulus was delivered.
Moreover, after they received the 4th or 9th stimu-
lus an auditory cue was given to signal the impend-
ing 5th or 10th stimulus, respectively. In this way
the subjects were able to focus their attention on
their sensations without having to count the stimuli. 

Statistical Analysis

Differences between the male and female TMD
patients for mechanically evoked pain thresholds
and the general group characteristics were deter-
mined using Student t test. Differences between the
male TMD patients and the healthy male subjects
were similarly determined. A 3-way, mixed-model,
repeated-measures analysis of variance (ANOVA)
was used to assess group differences in the pain
intensity ratings of the repetitive noxious stimuli.
The post-hoc comparisons were made with
Newman-Keuls test. Pearson correlations were cal-
culated to examine the relationship between tem-
poral summation and characteristics of clinical
pain. Significance was accepted at P < .05. 

Results

General Characteristics of the Study Populations

The general characteristics and the psychological
variables for the test groups are presented in Table
1. There was no significant age difference between
the male and female TMD patients nor between
the male TMD patients and the healthy men. The
male TMD patients had a significantly smaller
painless mouth opening than healthy males (t =
3.791; P < .001), but a significantly larger painless
mouth opening (t = 2.793; P < .01), as well as sig-
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nificantly greater assisted mandibular opening (t =
2.937; P < .01), compared to the female TMD
patients. There were no significant differences in
any of the psychological variables between TMD
men and healthy controls. There was a trend
toward greater insomnia scores among female
TMD patients compared to men with TMD (P =
.051). No significant differences in any of the
other psychological variables were detected
between male and female TMD patients. 

Clinical pain measures for the TMD patients are
shown in Table 2. Female patients exhibited signif-
icantly greater average pain intensity in the previ-
ous 3 months (t = 2.109; P < .05), a higher total
palpation score (t = 2.79; P < .01), and a greater
total body pain score (t = 2.873; P < .01) than
male patients.

Mechanical Pain Thresholds

The mean mechanical pain threshold was 144.8 g
(SD = 40.7 g) for healthy men, 118.1 g (SD = 47.3
g) for male TMD patients, and 115.0 g (SD = 49.4
g) for female TMD patients. The difference in the
pain threshold between male TMD patients and
healthy males did not reach statistical significance
(t = 1.814; P = .08). There was no significant dif-
ference between the pain threshold of male TMD
patients and that of female TMD patients (t =
0.204; P = .84).

For safety reasons, the highest force used in the
present study was 250 g. One healthy man, 4
TMD males, and 2 TMD females did not perceive
250 g as painful and were eliminated from the
study without undergoing temporal summation
testing.  

Temporal Summation of Pain Intensity Ratings

Stimuli for temporal summation testing were
applied at intensities of 1.5� the individual sub-
ject’s pain threshold. The mean stimulus intensity
for temporal summation testing was 206 g (SD =
45.6 g) for healthy males, 182 g (SD = 48.3 g) for
male TMD patients, and 173 g (SD = 65.8 g) for
female TMD patients. 

There was a significant group � trial number
interaction (Table 3). Perceptual magnitude of
pain increased significantly with stimulus repeti-
tion for the female TMD patients (P < .001; Figs 1
and 2). TMD women provided significantly higher
pain magnitude estimates than TMD men for the
5th and 10th stimuli (P < .001; Figs 1 and 2).
Neither the healthy men nor the male TMD
patients exhibited significant temporal summation
of pain (Figs 1 and 2). The pain intensity ratings
provided by TMD men for the 1st, 5th, and 10th
stimuli in the series were not significantly different
than those provided by healthy men. 

There was also a significant group � ISI interac-
tion (Table 3). Overall, in the female TMD patient
group, perceptual pain magnitudes were higher
with an ISI of 2 seconds than an ISI of 10 seconds
(P < .005), while frequency had no significant
effect on the overall pain ratings provided by male
TMD patients or healthy men. Examination of the
data indicated that for female TMD patients the
first rating at 10 seconds was comparable to that
at 2 seconds; however, increase in pain with repeti-
tive stimulation was greater at 2 seconds than 10
seconds (Figs 1 and 2). 

There were no statistically significant correla-
tions between temporal summation of pain at ISI

Table 1 Description of the TMD and Control Populations

Healthy men Male TMD patients Female TMD patients 
(n = 20) (n = 16) (n = 27)

Mean SD Mean SD Mean SD

Age 37.80 14.81 35.90 9.23 36.10 13.97
Painless opening (mm) 49.00 4.38*** 37.94 12.14 28.40 9.76**

Maximum assisted opening (mm) 52.60 4.65 50.88 6.59 45.30 4.91**

Depression 2.80 2.02 5.31 4.25 6.74 4.23
Trait anxiety 32.95 8.56 37.25 9.61 38.74 10.33
State anxiety 31.40 9.73 30.63 8.79 31.22 6.98
Insomnia 4.90 4.51 5.69 3.34 9.17 6.39
PCS 7.85 7.95 13.00 6.62 12.92 6.89
Anxiety sensitivity 11.65 6.47 15.13 12.66 14.63 9.40
State PCS 22.80 26.98 31.56 24.63 30.44 28.98
VAS anxiety 17.25 18.08 13.50 15.07 22.78 21.11

**Significantly different from healthy men (P < .01; t test).
***Significantly different from male TMD patients (P < .001; t test).
PCS = Pain Catastrophizing Scale; VAS = visual analog scale.
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Table 2 Clinical Pain Variables for TMD Patients

Healthy men Male TMD patients Female TMD patients 
(n = 20) (n = 16) (n = 27)

Mean SD Mean SD Mean SD

Duration of pain (mo) N/A 94.63 67.78 81.63 95.96
Average pain intensity in previous 3 mo N/A 4.25 2.21 5.78 2.36*

Average frequency of pain in previous 3 mo N/A 4.78 1.86 5.28 1.80
Total palpation score (possible range: 0 to 96) 0.75 1.41* 25.38 10.15 38.63 17.26**

Total number of painful body sites 1.60 1.19* 3.56 1.63 4.78 2.06
Total body pain score 2.08 1.64* 7.13 4.59 11.89 5.60**

BPI severity score N/A 3.39 1.73 3.96 1.87
BPI interference score N/A 2.47 1.52 2.86 2.23

* Significantly different from male TMD patients (P < .05; t test).
** Significantly different from male TMD patients (P < .01; t test).
BPI = Brief Pain Inventory.

Table 3 Summary of ANOVA of Pain Intensity Ratings

Factor F-statistic P

Main ANOVA results
Between subjects
Group 11.24 < .001

Within subjects
Trial no. 3.84 < .05
ISI 6.04 < .05

Interactions
Group/trial no. 12.59 < .001
Group/ISI 3.19 < .05

No other interactions were statistically significant.

Fig 2 Pain intensity ratings in response to the 1st, 5th,
and 10th stimuli in a series of 10 repetitive stimuli at an
ISI of 10 seconds for healthy men (M), male TMD
patients (TMD M), and female TMD patients (TMD F).
The thin lines represent individual subject data, while
the thick line represents the group mean.

Fig 1 Pain intensity ratings in response to the 1st, 5th,
and 10th stimuli in a series of 10 stimuli at an ISI of 2
seconds for healthy men (M), male TMD patients (TMD
M), and female TMD patients (TMD F). The thin lines
represent individual subject data, while the thick line
represents the group mean.
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of 2 seconds and any of the clinical pain variables
for either male or female TMD patients.

Discussion

The present study investigated differences in
mechanically evoked pain threshold and temporal
summation of mechanically evoked pain between
male and female TMD patients as well as between
male TMD patients and healthy men. The intensity
of stimulation for the investigation of temporal sum-
mation was set at 1.5 times the individual subject’s
pain threshold, so that all the subjects perceived the
first stimulus in the train of repetitive stimuli as
mildly painful. Thus, changes in pain intensity could
be measured without concern of a “floor effect” due
to an initially nonpainful stimulus. Moreover, this
design made feasible the meaningful comparison of
temporal summation per se between groups, since
the observed differences involved increase in pain,
starting from a similar perceptual magnitude.

Gender Differences in Temporal Summation of
Pain Among TMD Patients

As a consequence of myalgia, pressure pain thresh-
olds are routinely lower in the masticatory muscles
and TMJ of TMD patients compared to healthy
controls.25,26 In addition, several studies have
reported that TMD patients exhibit greater sensitiv-
ity than healthy controls not only in the craniofa-
cial region but also in remote bodily areas.27–29

However, this is the first study to explicitly com-
pare experimental pain sensitivity between male
TMD patients and healthy men as well as between
male and female TMD patients. The present study
found that neither healthy men nor TMD male
patients exhibited statistically significant temporal
summation of mechanically evoked pain. Notably,
the lack of temporal summation was very consis-
tent across the male TMD patient group. In con-
trast, the majority of female TMD patients showed
a prominent increase in their pain perception with
repetition of the mechanical stimulation. The latter
result is consistent with the authors’ previous
observations9 and those of others.8 Temporal sum-
mation of pain has a central basis and reflects a
transient increase in the excitability of the nocicep-
tive neurons in the CNS.10 Accordingly, greater
temporal summation in response to repetitive nox-
ious stimulation on the hand among female TMD
patients provides evidence for a generalized hyper-
excitability in the CNS nociceptive processing
regions of such patients. Even among people with-

out chronic pain, women show significantly greater
temporal summation of pain than men.30 Yet
women with TMD show significantly greater tem-
poral summation of pain than healthy women,9

suggesting exaggerated temporal integration of
nociceptive signals in the CNS of TMD women.31

Failure of the male TMD patients to exhibit signifi-
cant temporal summation in the present study sug-
gests that such CNS hyperexcitability is not present
among men with TMD and that the CNS mecha-
nisms contributing to chronic TMD pain may be
qualitatively different for men and women. 

Generalized upregulation of the central nocicep-
tive processing has been implicated in the patho-
physiology of TMD, because several lines of evi-
dence suggest that peripheral pathology is not a
crucial determinant of TMD pain. First, TMD
patients often report pain in the craniofacial region
in the absence of any demonstrable peripheral tissue
abnormalities. In addition, the level of TMD-related
pain does not correlate with clinical measurements
of dysfunction, such as range of mandibular motion
and number of joint sounds.5,6 Moreover, a large
percentage of TMD patients suffers from
widespread pain, which is suggestive of generalized
hyperexcitability in CNS nociceptive process-
ing.32–34 In the present study, female TMD patients
exhibited significantly greater total body pain than
their male counterparts. In addition, greater pain
upon palpation and average facial pain intensity in
the previous 3 months indicated a more pronounced
severity of TMD among female patients. One could
speculate that the enhanced temporal summation in
female TMD patients could be related to their
greater clinical pain rather than their sex. However,
none of the clinical variables correlated significantly
with temporal summation with a 2-second ISI for
the female TMD patients, indicating that there was
not a parametric relationship between temporal
summation and any clinical pain measure. 

Protocol Differences Affecting Temporal
Summation

In the present study, healthy men failed to show a
significant increase in their pain perception with
repetition of stimulation with either a 10-second
or 2-second ISI. This finding contrasts with a pre-
vious study by the present authors, in which mod-
est but statistically significant temporal summation
of mechanically evoked pain was observed with a
2-second ISI in healthy men.30 Relatedly, female
TMD patients exhibited a smaller magnitude of
temporal summation in the present study com-
pared to the previous study.9 Less pronounced
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temporal summation in this report may be due to
protocol differences between these studies. One
difference is that in the previous studies, subject
training and threshold determination were con-
ducted on 1 day and temporal summation testing
on another. In the present study, they were con-
ducted within the same 60- to 90-minute session.
Many more temporal summation runs were con-
ducted in the previous studies compared to the
present study. Also, in the previous study, rating
data were collected by having subjects use a pencil-
and-paper mechanical VAS, while in the current
study subjects gave verbal reports using a visual 0-
to-100 scale. However, it is not obvious that these
protocol differences are related to the differences
in the strength of temporal summation between
the current and previous studies. Perhaps more rel-
evant are the specifics of the threshold and training
protocols. In all studies, thresholds were estimated
using an ascending method of limits protocol. This
consists of presenting the subject with progres-
sively increasing intensities of stimuli until the level
of stimulation becomes painful. In the previous
studies, these ascending series of stimuli were the
vast majority of testing and training stimuli that
the subject experienced prior to the temporal sum-
mation series. In the present investigation, lower-
intensity stimuli were interspersed within the
ascending series to reduce the subject’s expectation
of ascending forces. Moreover, in contrast to pre-
vious studies by the present authors, the current
protocol included both descending series and ran-
dom intensities during the ratings training period.
These modifications were introduced to prevent
the expectation of progressively increasing stimuli,
which was considered particularly important in the
current study, since the temporal summation test-
ing occurred shortly after training. Thus, it is rea-
sonable to suggest that the overall reduction in
temporal summation in the current study may be
related to the differences in experience before the
testing, which should have produced less of an
expectation of increasing sensation than the previ-
ously used protocol. 

Conclusions

The results of the present study support the theory
that generalized upregulation of CNS responsive-
ness to aversive stimulation constitutes a patho-
physiological mechanism contributing to TMD
pain, but only in women. The extent of temporal
summation varies considerably among female
TMD patients, so the importance of upregulated

central nociceptive processing appears to vary
across the female patient population. In contrast,
this factor appears to be of no relevance for male
TMD patients. Studies investigating the respon-
siveness of TMD patients to experimental pain
should report the sex of the participants and, if the
size of their populations allows it, explore gender
differences in their outcomes. 
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