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Abstract

Objective: To determine if two psychophysical quantitative sensory tests, temporal summation and conditioned pain modulation are associated with
treatment outcomes in patients with orofacial pain.

Methods: During the initial examination of 40 patients with orofacial pain, data were collected on physical function and pain; and measurements of
Temporal Summation (TS) and Conditioned Pain Modulation (CPM). At 6 — 8-weeks follow-up, these pain and function measures were repeated and
subjects were asked to rate their perceived level of change.

Results: Insufficient evidence of association between temporal summation and functional outcomes were seen in patients with orofacial pain. However, conditioned
pain modulation was associated with subjects’ perceived change and least pain reported over one-week periods which reflect symptomatic and functional changes from
treatment.

Discussion: Results suggest that impairments in CPM affect changes in some measures of pain perception. The implications of CPM as a psychophysical testing

paradigm on short term pain outcomes and individual pain experience is a critical piece of consideration in patients who receive treatment for orofacial pain.
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Introduction

The International Association for the Study of Pain describes
orofacial pain as pain perceived in the face and/or oral cavity [1]. Ina
recent study, investigators estimated the 1-year period prevalence of
orofacial pain to be over 16% of the adult population [2]. Prolonged
or intense pain has been shown to trigger neuroplastic changes in the
central and peripheral nervous systems in some individuals [3]. The
result of these changes includes heightened sensitivity to cutaneous,
tactile or noxious stimuli in local or distant body regions, and the
sensation of persistent pain in the absence of a triggering stimulus
[4,5]. These changes in pain perception increase the individuals’
likelihood of developing and perpetuating chronic pain [6-9]. Several
studies have explored the utility of inducing experimental pain using
quantitative sensory tests to identify individuals with altered pain
processing mechanisms [10-12].Two methods of indirectly detecting
increased sensitivity to pain include Temporal Summation (TS) and
Conditioned Pain Modulation (CPM) testing [13]. Both methods
have been studied in patients with orofacial pain [10,14,15].

The utility of these tests to identify individuals with abnormal
pain responses who might be less likely to respond to standard pain
intervention strategies has the potential to provide researchers and
clinicians alike with a valuable tool for developing effective treatment
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strategies that minimize the likelihood of developing chronic pain. A
crucial step in this process is to establish the construct validity of these
quantitative sensory tests. TS occurs when a series of equally intense
noxious neural impulses arrive at a synapse at a frequency such
that the duration of these impulses is smaller than the postsynaptic
potential, causing a build-up of neurotransmitters released by a single
presynaptic neuron. This results in the perception that the intensity of
the stimulus increases during the administration of the series of neural
impulses, when in fact the intensity remains unchanged. Individuals
with altered in pain processing mechanisms experience greater pain
from repeated noxious stimuli than what would be expected in
neurologically healthy individuals. The response to TS is commonly
tested by administering a train of uniform and consecutive noxious
stimuli at a constant intensity at the site of pain or at a neutral, pain-
free site [16-18, 21]. Prior to testing, the subject is instructed to rate
the pain intensity of the first and the last stimulus from a train of 10
stimuli applied at equal intensity and frequency of one stimulation
per second. Pain intensity is measured using a Numerical Pain Rating
Scale (NPRS). The last pain measurement is subtracted from the first
pain measurement, thereby representing the difference between the
two measurements of pain perception, given stimuli of equal intensity.
A larger difference indicates a greater impairment in pain processing.
The noxious stimulus used to test TS is most often mechanical (using
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pin prick or pressure stimulus), thermal (using heat or cold) or
ischemic (using a blood pressure cuff). When evaluated using pressure
algometry [19], ischemia via cuff compression [20], and heat pulses
[18], TS has been shown to demonstrate acceptable reliability. To the
author’s knowledge, the reliability of TS has not been studied using
a pinprick stimulus. Temporal summation has been evaluated in
several studies in patients with nonspecific orofacial pain. In relation
to pain free controls, TS was enhanced when tested using a pinprick
[10] and a heat probe [11,15]. There were no differences between
groups, however when TS was tested using pressure pain [16].
CPM is a phenomenon whereby the individual perceives less pain
when receiving two noxious stimuli administered simultaneously at
different body regions, when compared with the perceived intensity
of pain associated with the application of one noxious stimuli. This
experience is often described as one in which ‘pain inhibits pain’
[13,22].

One of the two stimuli is referred to as the ‘test’ stimulus,
whereas the other, the ‘conditioned’ stimulus. The test stimulus is
administered and measured in a similar manner as with TS testing.
Subjects with normal pain processing mechanisms experience a less
dramatic increase in pain from TS when the conditioned stimulus
is being applied than when the conditioned stimulus is not present.
For measurement purposes, the conditioned stimulus measurement
is subtracted from the test stimulus, or TS measurement. A smaller
difference thereby indicates a greater impairment in pain processing.
As is the case with TS testing, test stimuli sites for measuring CPM can
be located at the site of pain or at a neutral site, and typically involve
mechanical, thermal or ischemic stimuli. Conditioning stimulus sites
are located at a neutral site, and are typically produced by thermal
or ischemic stimuli. Two different studies addressed the reliability
of CPM testing. Both used mechanical pressure as the test stimuli,
and ischemic arm pain as the conditioned stimulus [19,20]. In one of
these studies, the investigators also studied thermal (cold) stimuli as
the conditioned stimulus [20]. Reliability was good when using the
cold stimuli [20], but conflicting conclusions were drawn regarding
ischemic pain. In one study, the investigators reported ‘excellent’
intra-session reliability, but poor inter-session reliability for the
ischemic pain measure, whereas in the other study, the reliability
was described as ‘acceptable’ [19]. To the author’s knowledge, the
reliability of CPM has not been studied using heat as a conditioned
stimulus.

The question of whether measures of CPM are more impaired
in patients with orofacial pain has been addressed in the research.
In relation to pain free controls, there was no difference between
groups when a pinprick test stimulus was paired with a thermal (cold)
conditioned stimulus [10]. Conversely, when a pinprick test was
paired with pressure as the conditioned stimulus, CPM measures were
more impaired in subjects with orofacial pain when tested at the site
of pain when compared with pain free controls, but not when tested at
a pain free site [14]. These studies addressing TS and CPM in subjects
with orofacial pain versus healthy controls suggest that impairments
in pain processing can be identified using either of these quantitative
tests. The ultimate goal in identifying these subjects with pain
processing impairments, once identified, is to determine appropriate
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interventions for this subpopulation of subjects who are more likely
to develop chronic pain. A next step in this process is therefore to
determine if greater impairments in TS and CPM are associated
with poorer outcomes following treatment. This question has not
been addressed to date in patients with orofacial pain. Additionally,
no study has addressed the more fundamental questions of whether
impairments in TS and/or CPM are correlated with measurements
of physical function and pain in patients with orofacial pain when
measured concurrently.

Therefore, the aims of this study are twofold:

1. To determine if TS and CPM tests, performed on subjects with
orofacial pain, are correlated with physical function and pain
measurements during the initial visit for treatment of their
orofacial pain, and

2. To determine if TS and CPM tests, performed on subjects
with orofacial pain during their initial visit for treatment of
their orofacial pain, are associated with changes in physical
function and pain at 6 to 8-weeks follow-up.

Materials and Methods

This study was a prospective cohort, approved by the Rutgers
University Institutional Review Board. Subjects being seen for an
initial examination at the Center for Temporomandibular Disorders
and Orofacial Pain, Department of Diagnostic Sciences, in the New
Jersey School of Dental Medicine, Rutgers University who were
between the ages of 18 and 89 were recruited. Subjects were excluded
if pregnant, or if any intervention was received during the initial
examination visit before all baseline measures could be collected.
Written informed consent was obtained from all subjects. This
convenience sample was assessed for baseline for measurements of TS
and CPM. Baseline data on age, gender, physical function and pain
levels were also collected. At between 6 and 8 weeks follow-up, data
collection on physical function and pain was repeated, and subjects
were asked to rate their perceived change in status. This time frame
allowed the author to contact the subject multiple times in the event
that initial attempts to contact the subjects failed. All follow-up data
were collected via telephone interview. Subjects were tested for pain
responses under conditions of TS using #5.46 von Frey filaments
(Stoteling Ltd., USA). A single stimulus (pin prick) and then a train of
10 consecutive stimuli were applied at a frequency of one stimulation
per second to the volar forearm of the dominant arm. Subjects were
asked to rate the level of pain after the single stimulus was applied, and
then at the end of the train of 10 consecutive stimuli using an 11-point
(0 = no pain, 10 = worst possible pain) Numeric Pain Rating Scale
(NPRS). TS scores were calculated by subtracting the first-stimulation
pain rating score from the tenth-stimulation pain rating score.

To measure CPM, subjects placed their non-dominant hand into
a warm water (46 degrees Celsius) bath. After the hand had been
immersed for 30 seconds, a train of 10 consecutive stimuli was applied
to the distal aspect of the dominant forearm using #5.46 von Frey
filaments, and subjects were instructed to rate their level of discomfort
on the NPRS after the first of 10 stimuli was administered, and again
after the 10th stimuli was applied. To quantify CPM, the 10th pain
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report was subtracted from the first, and this number was then
subtracted from the score obtained during TS testing. Function was
assessed using the Therapeutic Associates Outcome System (TAOS),
also known as the Care Connections Outcomes System. The TAOS is
a questionnaire designed to address activities specific to 5 anatomic
locations, one of which is the temporomandibular joint. It has been
shown to demonstrate good test-retest reliability [23,24], as well as
concurrent [23], content [23] and criterion [24] validity. The TAOS
has been used in one prior study in which subjects were patients with
temporomandibular joint pain [25]. Answers are based on a 6-point
Likert scale. The author summed scores addressing physical function
due to subjects’ orofacial pain from 10 questions addressing talking,
eating, concentration, headaches and reading, resulting in a possible
range of scores from 0 to 50. Data were coded such that higher
numbers indicated greater function.

The author measured pain using the NPRS. Specifically, subjects
were instructed to rate the worst pain experienced over the past 24
hours, the least pain over the past 24 hours and the least pain over the
past 7 days. The NPRS is used extensively in pain research. Abbott et
al., (2014) reported that in subjects with musculoskeletal conditions,
the minimal clinically important difference of the NPRS is 1.5 points
[26]. To the author’s knowledge, psychometric properties of the NPRS
have not been studied specifically in subjects with orofacial pain.
Several authors have suggested that TS and/or CPM measurements
might differ by age [27,28] or gender [15,29,30,31]. Therefore, this
study evaluated for potential confounding effects by both age and
gender in our analyses of the association between TS and CPM, and
change in pain and function. All subjects received individualized
treatment for their orofacial pain based on diagnostic tests and clinical
findings. Treatment consisted of medication, trigger point injections,
physical therapy, appliance use, and/or patient education. Subjects
were contacted by telephone between 6 and 8 weeks following their
initial evaluation, at which time data collection on function and pain
were repeated, and data were collected on subjects’ perceived change
in their condition.

Perceived change over the 6 to 8-week follow-up period were
measured using the Global Rating of Change (GROC) scale. The GROC
constitutes a single question addressing the patient’s perceived change
regarding a particular condition over a specified period of time on a
15-point Likert scale, with 0 representing no change. Psychometric
properties of the GROC have been addressed in several studies. In
relation to lower extremity conditions, the author have concluded
that the GROC does not accurately reflect changes in functional
levels, but rather is weighted toward the patient’s status at follow-up
[32,33]. In a different study of subjects with shoulder pain, a GROC
of 5 or greater was associated with a perceived change in the subject’s
condition, although it was not associated with changes in physical
function [34]. These findings suggest that GROC scores are highly
subjective in nature, and might be influenced by location of pain. To
the author’s knowledge, the GROC has not been studied in patients
with orofacial pain. Data were analysed using SAS version 9.3. Since
most continuous variables were not normally distributed, Spearman
correlation coefficients were calculated. Univariate linear regression
models were constructed to estimate the effect of TS and CPM on

Integr | Orthop Traumatol, Volume 2(1): 3-7, 2019

function, pain and perceived change. Age and gender were then added
to the models to estimate their potential confounding effects. Models
were evaluated to determine if they met the assumptions of linear
regression. In cases in which the assumption of homoscedasticity was
violated, heteroscedasticity-consistent estimators were calculated.

Results

Sixty subjects contributed data at the initial evaluation. Of
these, 40 subjects contributed data at follow-up, resulting in a 66.7%
completion rate. The 20 subjects with missing follow-up data were
more likely to have lower TAOS scores, but were not different in
relation to any of the 3 pain measures or age or gender [see Table 1].

Table 1. Comparison between subjects with complete data at intake and follow-up, and
those with missing follow-up data.

Variable Subjects with complete Subjects with
p-value for the difference data at intake and follow- | missing follow-up
between groups up (n = 40) data (n =20)
mean or percentage mean or percentage
(standard deviation) (standard deviation)
Temporal Summation 1.67 1.70
p=0.96 (1.86) (1.89)
Conditioned Pain 0.45 0.50
Modulation (1.88) (1.70)
p=093
Therapeutic Associates 17.47 13.80
Outcome System (TAOS) (4.90) (5.75)
score
p=0.01
24-hour worst pain 5.95 6.40
p=0.58 (2.96) (2.93)
7-day worst pain 6.81 8.10
p=0.11 (2.95) (2.67)
7-day least pain 3.07 4.05
p=021 (2.84) (2.68)
Age 45.05 46.67
p=0.78 (16.12) (12.08)
Gender 75% female 75% female
p=1.00

Descriptive statistics for all variables are provided in table 2.
Subjects demonstrated statistically significant improvements in all
outcome measures over the 6 to 8-week follow-up period. Specifically,
subjects improved in relation to TAOS scores by 1.10 points (p =
0.03), 24-hour worst pain by 2.05 points (p<0. 01), 7-day worst
pain by 2.24 points (p <0.01), and 7-day least pain by 1.05 points
(p = 0.00). The mean GROC score was 2.30, indicating a perceived
improvement of between ‘a little bit better’ and ‘somewhat better.
Change in 24-hour worst pain and 7-day worst pain exceeded the
minimal clinically important difference for pain. TS and CPM were
both significantly positively correlated with TAOS scores at intake
(see Table 3), indicating that greater function was associated with less
impaired measurements of CPM measurements, but more impaired
TS measurements. None of the 3 intake pain measures were correlated
with either TS or CPM measurements. The potential confounding
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influence of age and gender in the association between intake TS and
CPM measurements were evaluated, including the change in function
and pain, using the criteria that a 10% change in the effect measure
when adding the potential confounder(s) to the baseline model
represents meaningful confounding [35]. Analyses suggest that while
there is confounding by gender alone or a combination of age and
gender in most of the analyses addressing TS, there was no meaningful
confounding by either age or gender or both when evaluating the
effects of CPM [see Tables 4 and 5]. In relation to change in function
or pain over the 6 to 8 week follow up period, there was no evidence
of an association between TS and changes in any of the outcome
measures irrespective of confounding by age and/or gender [see Table
4]. In univariate analyses, CPM was associated with subjects” reported
change in least pain over the past week and with perceived change, but
was not associated with any other outcome [see Table 5].

Table 2. Descriptive Statistics of all Dependent and Independent Variables (n = 40).

Variable Mean or percentage
(standard deviation)
Range

Temporal Summation 1.67
(1.86)
-1-7

Conditioned Pain Modulation 0.45
(1.88)
4-5

Age 45.05
(16.12)
22-79

Gender 75% female

Therapeutic Associates Outcome System (TAOS) score 17.47
at initial visit (4.90)
6-25

24-hour worst pain at initial visit 5.95
(2.96)
0-10

7-day worst pain at initial visit 6.81
(2.95)
0-10

7-day least pain at initial visit 3.07
(2.84)
0-10

Therapeutic Associates Outcome System (TAOS) score 18.57
at 6 to 8 weeks follow-up (4.78)
9-25

24-hour worst pain at 6 to 8 weeks follow-up 3.90
(3.14)
0-10

7-day worst pain at 6 to 8 weeks follow-up 4.57
(2.96)
0-10

7-day least pain at 6 to 8 weeks follow-up 2.02
(2.17)
0-8

Global Rating of Change 2.30
(2.48)
3-7
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Table 3. Spearman correlation coefficients for the correlation between measures of
temporal summation and conditioned pain modulation; and function, pain, age and gender
at initial evaluation.

Temporal Conditioned Pain
Summation Modulation
rS rS
p-value p-value
Therapeutic Associates Outcome System 4.69 0.43
(TAOS) score 0.00 0.01
24-hour worst pain -0.01 0.07
0.97 0.65
7-day worst pain 0.05 0.04
0.77 0.82
7-day least pain 0.11 0.18
0.49 0.26
Age -0.19 -0.20
0.24 0.23
Gender (female vs. male) 0.06 0.09
0.70 0.58

Discussion

The study’s first aim was to determine if TS and CPM tests are
correlated with physical function and pain measurements during the
initial visit for treatment of their orofacial pain. As expected, study
results demonstrated a significant correlation between higher levels of
function at intake and blunted pain response from concurrent noxious
stimuli during CPM testing. In contrast, higher levels of function at
intake were significantly correlated with heightened pain response
from consecutive noxious stimulation during TS testing. Equally
surprising is the absence of a statistically significant correlation
between the three self-reported pain scores at intake, and TS and CPM
measurements, since both TS and CPM are believed to be measures of
an elevated response to pain. These latter findings call into question
the validity of either TS or CPM testing to identify patients with
orofacial pain whose pain is at least partially explained by heightened
centrally and/or peripherally-mediated pain processes.

To the author’s knowledge, the correlation between self-reported
baseline pain intensity measures and psychophysical quantitative
sensory tests using TS and CPM have not been closely studied
among subjects with orofacial pain. However, these tests have been
used to compare pain processing mechanisms between patients with
orofacial pain and pain-free controls in 3 separate studies. Contrary
to this study’s results, Kothari et al. (2015) found heightened TS to
pinprick sensation among subjects with orofacial pain compared with
healthy controls [10]. However, no differences between both groups
were reported in CPM test outcomes when pinprick test stimulus was
concurrently applied with a cold conditioning stimulus [10]. This was
the case irrespective of whether the test stimulus was applied to the
site of pain or at a distal site. Oono, et al., (2014) paired a pinprick test
stimulus with pressure as the conditioned stimulus and found that
CPM test results were more impaired in subjects with orofacial pain
compared with pain free controls when the painful stimulation was
applied at the site of pain but not over a distal, pain free site [14].
In this study, significant correlation were found between CPM test
outcomes and one of three pain outcomes when test stimulus was
applied at a site distal to pain.
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Table 4. Association between temporal summation and change in function, pain and global rating of change.

Outcome Variable Baseline model for the association Baseline model + age Baseline model + gend Baseline model + age + gender

between temporal summation beta beta beta

and outcome p-value p-value p-value

beta model r2 model r2 model 12

p-value
model 12

Change in Therapeutic -0.02 0.02 0.00 0.03
Associates Outcome System 0.95 0.95 0.99 091
(TAOS) score 0.65 0.65 0.65 0.65
Change in 24-hour worse -0.10 -0.06 -0.18 -0.13
pain 0.64 0.80 0.41 0.58
0.42 0.43 0.46 0.47
Change in 7-day worse pain -0.19 -0.12 -0.28 -0.20
0.43 0.65 0.25 0.42
0.19 0.21 0.27 0.30
Change in 7- day least pain -0.16 -0.20 -0.20 -0.22
0.12 0.17 0.15 0.13
0.54 0.55 0.56 0.56
Global Rating of Change 0.32 0.33 0.38 0.38
0.14 0.16 0.09 0.11
0.06 0.06 0.09 0.09

Table 5. Association between conditioned pain modulation and change in function, pain and global rating of change.

Outcome Variable Baseline model for the association Baseline model plus age Baseline model plus gender Baseline model plus age and

between conditioned pain modulation beta beta gender
and outcome p-value p-value beta

beta model r2 model r2 p-value

p-value model r2

model 2

Change in Therapeutic 0.07 0.08 0.08 0.08
Associates Outcome System 0.77 0.76 0.77 0.76
(TAOS) score 0.65 0.65 0.65 0.65
Change in 24- hour worse pain -0.35 -0.34 -0.34 -0.33
0.09 0.10 0.10 0.11
0.46 0.47 0.49 0.51
Change in 7-day worse pain -0.30 -0.28 -0.29 -0.27
0.21 0.23 0.21 0.23
0.21 0.24 0.27 0.31
Change in 7- day least pain -0.39 -0.39 -0.39 -0.39
0.00 0.00 0.00 0.00
0.64 0.64 0.65 0.65
Global Rating of Change 0.41 0.41 0.40 0.40
0.05 0.05 0.06 0.06
0.10 0.10 0.11 0.12

Differences in reported study outcomes are likely due in part to
differences in TS and CPM testing protocol and instrumentation
used across studies. There is currently no strong evidence supporting
the most effective method for conducting TS or CPM testing in
patients with orofacial pain, however the method chosen to test TS
did not demonstrate construct validity in relation to its correlations
with function or pain, whereas the method we chose to test CPM
demonstrated somewhat more promising results. The second aim
was to determine if TS and CPM tests, performed on subjects with
orofacial pain during their initial visit for treatment of their orofacial
pain, are associated with changes in physical function and pain at 6 to
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8-weeks follow-up. In relation to TS testing, there were no significant
differences between intake TS measurements, and any of the outcome
measures tested, suggesting that the method of TS testing used in this
study may not be a useful tool for predicting change in function or
pain in patients with orofacial pain.

Statistically significant association between CPM test scores
were found; and change in least pain reported over the 7-day period
prior to follow up, including perceived change over the 6 to 8-week
follow-up period. Specifically, a more heightened response to painful
stimuli with CPM testing was associated with less pain reduction
and perceived improvement at follow-up. There were no significant
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differences between intake CPM scores and changes in function or in
changes in 24-hour worst or 7-day worst pain. The finding that CPM
measures were associated with only two of five clinically important
outcomes suggests that the instrumentation or measurement
strategies administered as part of this study are not sensitive enough
to effectively discriminate between different levels of perceived pain
and function, or that there simply is not an association between CPM
scores and changes in function and most measurements of pain.

This study had several limitations, all of which relate to the study
design, where a sample of convenience with orofacial pain were
recruited, and therefore cannot determine how representative this
sample is of the population of orofacial pain patients. Additionally,
33% of subjects who contributed data at initial evaluation did not
contribute follow-up data. These subjects who were lost to follow-up
were more likely to have lower physical function levels, indicating
a possible bias affecting study results. Finally, data on potential
confounders other than age and gender, such as pain duration were
not collected, which could influence study outcomes.

Conclusion

Study results suggest that TS testing, as implemented in this
study is not useful for identifying patients with orofacial pain who
have heightened pain sensitivity; or who are more likely to have
poorer function and pain outcomes, or less perceived improvement
following treatment for their orofacial pain. Similarly, CPM testing
did not demonstrate utility in identifying orofacial pain patients
with impaired pain processing at the initial examination, although it
demonstrated some promise in identifying subjects who are likely to
have worse pain outcomes and lower levels of perceived improvement.
Nevertheless, additional research is warranted before considering the
use of CPM testing as a measurement tool in the clinical or research
setting.
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