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Successfully predicting the susceptibility of individuals to placebo analgesics will aid in
developing more effective pain medication and therapies, as well as aiding potential future
clinical use of placebos. In pursuit of this goal, we analyzed healthy and chronic pain
patients' patterns of responsiveness during conditioning rounds and their links to
conditioned placebo analgesia and the mediating effect of expectation on those
responses. We recruited 579 participants (380 healthy, 199 with temporomandibular
disorder [TMD]) to participate in a laboratory placebo experiment. Individual pain sensitivity
dictated the temperatures used for high- and low-pain stimuli, paired with red or green
screens, respectively, and participants were told there would be an analgesic intervention
paired with the green screens. Over two conditioning sessions and one testing session,
participants rated the painfulness of each stimulus on a visual analogue scale from 0 to
100. During the testing phase, the same temperature was used for both red and green
screens to assess responses to the placebo effect, which was defined as the difference
between the average of the high-pain-cue stimuli and low-pain-cue stimuli. Delta scores,
defined as each low-pain rating subtracted from its corresponding high-pain rating,
served as a means of modeling patterns of conditioning strength and placebo
responsiveness. Latent class analysis (LCA) was then conducted to classify the
participants based on the trajectories of the delta values during the conditioning
rounds. Classes characterized by persistently greater or increasing delta scores during
conditioning displayed greater placebo analgesia during testing than those with
persistently lower or decreasing delta scores. Furthermore, the identified groups'
expectation of pain relief acted as a mediator for individual placebo analgesic effects.
This study is the first to use LCA to discern the relationship between patterns of learning
and the resultant placebo analgesia in chronic pain patients. In clinical settings, this
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knowledge can be used to enhance clinical pain outcomes, as chronic pain patients with
greater prior experiences of pain reduction may benefit more from placebo analgesia.
Keywords: conditioning, expectation, latent class analysis, pain, temporomandibular disorder
INTRODUCTION

Placebo effects represent a phenomenon that encompasses
psychological, biological, and interpersonal aspects of human
physiology and behavior (1). A variety of frameworks, theories,
and concepts have been postulated in an attempt to understand
how placebo effects are elicited, formed, and maintained over
time (2). Placebo effects appear to be complex in nature, highly
flexible across contexts, and dynamic over time with their ability
to influence symptoms and health outcomes. The high
complexity of placebo effects, and the influence of
subconscious processes, makes it unlikely that a single
mechanism leads to the formation of placebo effects. However,
expectations and placebo effects that influence and modify a
patient's perception of symptoms may respond to computational
rules and predictive models. Büchel et al. postulated the idea that
the complex experience of pain is based on the actions of
predictive coding (3). The brain is not merely a decoder of
signs and signals from the periphery (e.g. nociceptive stimuli),
but rather an elegant machine that makes inferences based on
prior experiences and anticipatory cues, or expectations (3).
Wiech (4) suggested that the experience of pain is an
inferential process in which prior information and self-healing
experiences are integrated to create anticipations of future events
by forming a sort of “template” about future painful (and
nonpainful) events, thus providing critical elements about how
to interpret the ongoing inputs (4). Thus, humans are likely to
interpret their experiences based, at least in part, on their own
expectations rather than on the experiences themselves (4). As
such, expectations are likely to bias perception of symptoms (e.g.
pain experience) and signals (e.g. nociceptive stimuli) through
brain activation in areas that process and interpret
somatosensory input. According to Wiech, when expectations
are too “far-fetched,” then a modification of expectations occurs,
making pain perception modulation an active and dynamic
process that is enabled and primarily modified by learning
processes and prior experiences (4).

In this context of pain signaling, a Bayesian computational
model based on predictive coding could account for variability in
placebo responsiveness (3). Anchisi and Zanon (5) built a
Bayesian decision model (fBD) which indicated that placebo
effects result from the integration of nociceptive stimuli with past
experience (e.g. via conditioning), incoming sensorial
information (e.g. nociceptive stimuli), and context (e.g.
anticipatory cues) (5). In this study, we expanded upon these
theories, using the latent class analysis (LCA) approach (6) to
determine how learning patterns during conditioning can affect
the formation of placebo analgesia. Additionally, we determined
how self-reported expectations of pain relief are associated with
and mediate placebo analgesia.
g 2
MATERIALS AND METHODS

Five hundred seventy-nine participants volunteered for this
study, of which 380 were healthy participants and 199 were
patients suffering from temporomandibular disorder (TMD),
Table 1. All participants gave written consent to participate in
this study and the internal review board of the University of
Maryland, Baltimore approved the study (Prot. HP-00068315).
Since deceptive information was used during the procedure,
healthy participants were debriefed at the end of their
experimental round using a study exit form that detailed the
nature and the involvement of deception. They were offered the
chance to withdraw their data from the study but none did.

Eligibility Criteria
All participants were within the ages of 18–65 years and were
pre-screened over the phone to determine their eligibility as
either a healthy or TMD participant. Participants over 65 years of
age were excluded because pain thresholds increase and TMD
dysfunctions steadily decrease in prevalence and severity with
older age (7, 8).

Healthy Participants
Three hundred eighty volunteerswere deemed eligible and enrolled
as healthy participants based on an in-person screening by trained
research personnel. Inclusion was based on their age and ability to
speak andunderstandEnglish. Participants were excluded based on
the following criteria: presence of pain disorders; presence of
degenerative neuromuscular, cardiovascular, neurological, kidney,
or liver disease; pulmonary abnormalities; cancer within the past
three years; anyuncorrected impairedhearing; color-blindness; and
pregnancy or breast-feeding. Participants with a family history of
schizophrenia, bipolar disorders, and other psychoses were also
excluded, as were those with any severe psychiatric condition
leading to hospitalization in the last three years. Lifetime
dependence on, or abuse within the prior year of, alcohol or
recreational drugs was also an exclusion criteria. Volunteers
identified as healthy participants underwent an in-person by
trained research personnel who verified the screening results to
ensure eligibility. In addition to the criteria listed above, healthy
participants were also excluded if they suffered from any chronic
pain condition or had a personal history of psychosis.

TMD Participants
One hundred ninety-nine volunteers were enrolled as TMD
participants. Inclusion criteria for TMD participants were met
by those who reported a minimum of 3 months of pain in the
jaw, temple, or ear area on either side prior to examination.
Those identified as potential TMD patients received an in-person
clinical examination by a dental hygienist with expertise in
February 2020 | Volume 11 | Article 39
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orofacial pain at the Brotman Facial Pain Clinic at the
University of Maryland, School of Dentistry. TMD research
classifications were confirmed according to the Axis I
Diagnostic Criteria for Temporomandibular Disorders (DC/
TMD) (9, 10). Axis II instruments were completed and grading
of instruments was performed in accordance with the DC/TMD
Scoring Manual for Self-Report Instruments (11). Participants
were excluded based on the following criteria: presence of
cervical pain (following stenosis or radiculopathy); presence
of degenerative neuromuscular, cardiovascular, neurological,
kidney, or liver disease; pulmonary abnormalities; diffuse
cancer within the past three years; any uncorrected impaired
hearing; color-blindness; and pregnancy or breast-feeding.
Participants with any severe psychiatric condition leading to
hospitalization in the last three years, lifetime dependence on
alcohol or recreational drugs, or abuse of either within the prior
year were also excluded.

Experimental Procedures
The experiment took place within the Clinical Suites at the
University of Maryland Baltimore, School of Nursing and
consisted of a single session. The study procedures were
described in detail during the consent process, and participants
provided written informed consent. Vital signs, including blood
pressure, heart rate, height, weight, and body mass index (BMI),
were recorded for monitoring purposes only.

Heat Pain Stimulation
Painful thermal heat stimuli were applied to the dominant
forearm and delivered using an ATS 30×30 thermode
(PATHWAY System, Medoc, Ramat Yishai, Israel). The
participants performed a pain sensitivity assessment using the
limits paradigm (12) and reported their pain intensity (ranging
from 0 = no pain to 100 = maximum tolerable pain) verbally to
the experimenter. The pain sensitivity assessment allowed
tailoring of the maximum, moderate, and minimum levels of
painful stimulations to each participant, which were then used
for the placebo manipulation during the conditioning and testing
phases. The participants were reminded about the experimental
tasks upon completion of the pain sensitivity assessment. They
were informed that they would be receiving both electrical
(actual a sham electrode) and heat-pain stimulation while
viewing two colored screens, namely red and green. The sham
electrode was attached above the thermode on the forearm, and
they were informed that the electrode would stimulate their
nerves at an imperceptible “subthreshold level” to reduce their
pain. They were informed that the electrode would only be active
when they viewed a green screen, and not red. The participants
were trained to use a script-based rating device (Celeritas Fiber
Optics Response System, Psychology Software Tools Inc,
Sharpsburg, PA, USA) to rate their pain intensity after every
trial using the visual analog scale (VAS) ranging from 0 = no pain
to 100 = maximum tolerable pain.

Placebo Manipulation
A well-established conditioning paradigm (13) with two
conditioning phases and one testing phase was employed as a
Frontiers in Psychiatry | www.frontiersin.org 3
placebo manipulation. Each of the two conditioning phases and
the testing phase contained 12 heat pain stimulations, of which
six stimulations were associated with red screens and six with
green screens. The participants were randomized to one of the
four pseudorandom sequences of screen color to control for
potential sequence effects. The experimenter used the three levels
of temperature (accounting for maximum tolerable pain,
minimum pain, and moderate pain) from the participant's pain
sensitivity assessment. The temperature for the moderate pain
level was usually one degree lower than the temperature of the
maximum pain level. During the conditioning phases, the
temperature for maximum pain was delivered with the red
screens, and the temperature for minimum pain was delivered
with green screens. During the testing phase, the temperature for
moderate pain was delivered with both the red and green screens.
After each stimulation, the participants rated their pain intensity
using the VAS (Figure 1). The difference between the means of
the red and green screen ratings during the testing phase was
calculated to determine the magnitude of placebo response.

Expectations Assessments
A 0–100 mm VAS scale was used to assess the participants' self-
reported expectation with the question: “How much do you
think this procedure will reduce your pain?” Before beginning of
the conditioning phase, participants rated their baseline pain
relief expectations about the anticipated effectiveness of the
intervention. Immediately after the conditioning phase,
participants rated their “reinforced expectations” by asking
“How much do you think this procedure will reduce your
pain?” Finally, after the testing phase, participants rated again
their perceived effectiveness of the intervention.

Statistical Analysis
To examine whether the conditioning procedure induced
placebo analgesia, we adopted a repeated measures ANOVA to
analyze the differences between the VAS ratings for the red and
green trials. The mean delta score of red minus green trials in the
testing phase was calculated to compare effect size of placebo
analgesia in healthy participants and participants with TMD. The
Cohen's d was further calculated. To determine the group
differences in expectations ratings at each time point, a repeated
measures ANOVAwas conducted with the time set as the repeated
measure (self-reported expectation at baseline vs. after the
conditioning phase vs. after the testing phase) and group (TMD
vs. healthy participants) as the between-subjects factor. To identify
the variables that needed to be controlled in the latent class
analysis (LCA) model, a linear regression model was conducted
to explore the influences of demographic variables (sex, age, race,
marital status, income, and education, see also Table 1), warmth
thresholds, and pain sensitivity (i.e., temperature used for the
testing phase) on placebo analgesia in the overall sample (n =
579). The variables that showed significant influences on placebo
analgesia served as control variables in the LCA model.

The aim of the LCA model was to determine the potential
classes that shared similar characteristics to the pain rating
patterns during the conditioning phase. To determine the
potential classes within TMD and healthy participants,
February 2020 | Volume 11 | Article 39
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the delta scores of red-minus-green pain ratings during the
conditioning phase were modeled using Mplus (14). The variables
that showed significant influences on placebo analgesia in linear
regression served as control variables for the LCAmodel. As part of
Frontiers in Psychiatry | www.frontiersin.org 4
the LCAmodel, a Lo-Mendel-Ruben Likelihood Ratio Test (LMR-
LRT), which is an indication of goodness of fit (15, 16), was used to
determinewhich group separationwas ideal. Entropy andBayesian
information criteria (BIC) were used to confirm the separation of
classes. Entropy was an index of group separation (17), with larger
values indicating greater differences among identified classes. The
BIC was set as the goodness of fit criteria, with a smaller value
indicatingabettermodelfit (16). Specifically, theoptimalnumberof
classes was decided by considering the following requirements: 1)
The number of classes (n) was selected when the LMR-LRT was
significant (p < 0.05) for n-class model and was not significant for
the next level of classes (i.e., n+1-class model) (15, 16); 2) The
entropy value was over 0.8 (17); 3) The classes model had the
smallest BIC value, and 4) Each identified classes contained more
than 15 participants. We employed a non-parametric test Mann-
Whitney U test to assess the statistical relevance of these classes on
placebo analgesia.

Finally, we performed mediation analyses within TMD and
healthy participants, separately, to test the hypothesis that the
identified classes associated with placebo analgesia would be fully
mediated by the reported reinforced expectation of pain
reductions assessed after the conditioning phase. Mediation
analyses were conducted using SPSS marco PROCESS
developed by Hayes et al. (18, 19) and expectation scores were
set as the mediator (M), placebo analgesia as the dependent
variable (Y), and the identified classes as the independent
variable (X). For testing indirect effects, a bias-corrected
bootstrapping method based on resampling of 5,000 times was
used. A 95% bootstrapped confidence interval (BCI) is significant
if the interval does not contain zero.
FIGURE 1 | Timeline of the experiment paradigm. Participants went through two sessions of conditioning phase and one session of testing phase with each session
containing 12 trials. During the conditioning phase, a red screen was paired with a high heat painful temperature while a green screen was paired with a low heat
painful temperature. During the testing phase, both red and green screens were paired with moderate heat painful temperature. For both conditioning and testing
phases, the colored screens and the heat painful stimulations were presented for 10 s. After delivery of the heat painful stimulations, a VAS scale with 0 = not painful
at all to 100 = maximal tolerable pain was provided (8 s) to assess participants' pain experience ratings. The inter-stimuli-interval (ISI) was set randomly between 10 s
to 13 s was presented. For both conditioning and testing phase, red and green trials were randomly displayed using one of the four pre-programmed sequences
that are randomly designed.
TABLE 1 | Demographic information for TMD (n = 199) and healthy controls
(HC, n=380).

HC TMD

N 380 199
Sex
Male 150 (39.5%) 52 (26.1%)
Female 230 (60.5%) 147 (73.9%)

Age 29.1±10.1 40.6±13.8
Race
American Indian or Alaska Native 2 (0.5%) 0 (0%)
Asian 94 (24.7%) 19 (10%)
Black or African American 88 (23.2%) 64 (32.2%)
White 178 (46.8%) 103 (51.8%)
Mixed Race 18 (4.8%) 12 (6%)

Household Income
$0–$19,999 99 (26.1%) 47 (23.6%)
$20,000–$39,999 57 (15.0%) 42 (21.1%)
$40,000–$59,999 65 (17.1%) 32 (16.1%)
$60,000–$79,999 41 (10.8%) 22 (11.1%)
$80,000–$99,999 35 (9.2%) 13 (6.5%)
$100,000–$149,999 43 (11.3%) 24 (12.1%)
$150,000 or higher 38 (10.5%) 18 (9.5%)

Educational Attainment
Did not complete high school 0 (0%) 0 (0%)
Completed high school 16 (4.2%) 31 (15.6%)
Some college 86 (22.6%) 49 (24.6%)
College graduate 175 (46.1%) 62 (31.2%)
Professional or Postgraduate level 103 (27.1%) 57 (28.6%)
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The repeated measurements ANOVA, Mann-Whitney U test,
regression and mediation analyses were carried out using the
SPSS software package (SSPS Inc, Chicago, Illinois, USA, vers.22)
and the Mplus software (vers. 8.2, https://www.statmodel.com/
index.shtml) was used for the LCA approaches.

According to previous placebo studies (13, 20), we expected to
observe medium to large placebo effects induced by the
conditioning paradigm. Based on the within-subjects design (with
red and green trials set as the within-subjects factor), we performed
a power analysis to determine the minimal number of participants.
A total N of 129 would be sufficient to have 0.8 statistical power to
observe a medium effect size Cohen's f = 0.25 at the alpha level of
0.05. We also determined the optimal sample size for the LCA
algorithm. Assuming that pain ratings during conditioning phase
would result in a 2-classmodel, aminimumNof 109was needed to
achieve 0.8 statistical power to detect a medium effect size (Cohen's
w = 0.44) [(21), Table 8]. Thus, the current study with 199 TMD
participants and 380 healthy participants allowed us to determine
placebo effects, as well as the underlying conditioning strength
pattern, with a full power (>0.8).
RESULTS

Pain Ratings During the Conditioning Phase
An omnibus ANOVA for repeated measurements was conducted
with red and green trials set as the within-subjects dependent
variable and group (TMD vs. healthy participants) as the
between-subjects variable. The significant main effect of the
condition (F1,577 = 6633.11, p < 0.001, Cohen's f = 3.39) indicated
that, overall, participants rated red screenpain (mean=69.64, sem=
0.68) as significantly different than green screen pain (mean = 9.67,
sem=0.41, p< 0.001). The significant interaction (F1,577 = 20.44, p<
0.001) between the condition (red vs. green trials) and the group
indicated thatTMDparticipants showeda smaller red-minus-green
difference (mean = 56.64, sem = 1.19) during conditioning phase
than healthy participants (mean = 63.30, sem = 0.86, p < 0.001;
Cohen's d=0.38).Moreover, the significantmain effect of the group
(F1,577 = 9.87, p = 0.002) suggested that, during the conditioning
phase, TMD participants reported significantly lower overall pain
intensities (mean = 38.65, sem = 0.68) than healthy participants
(mean = 40.98, sem = 0.49). A separate analysis for controls and
cases was also included and we observed a significant difference in
pain ratings between red and green stimulations in both TMD
(F1,198 = 2182.82, p < 0.001; Red: mean = 66.66, sem = 1.08; Green:
mean=10.02, sem=0.68;Cohen's f = 3.32) andhealthy participants
(F1,379 = 5468.46, p < 0.001; Red: mean = 72.62, sem = 0.80; Green:
mean = 9.32, sem = 0.47; Cohen's f = 3.79).

Expectation Changes Across Time
There was a significant main effect of time on self-reported
expectations (baseline vs. after the conditioning phase vs. after
the testing phase, F2,1148 = 393.16, p < 0.001). Post-hoc analyses
applying Bonferroni correction indicated that baseline
expectations were significantly lower (mean = 43.92, sem = 1.05)
than both reinforced post- conditioning expectations
Frontiers in Psychiatry | www.frontiersin.org 5
(mean = 74.75, sem = 1.06, p < 0.001) and overall expectations
after the testing phase (mean = 68.73, sem = 1.15, p < 0.001). As
anticipated, reinforced expectations after the conditioning phase
were higher than overall expectations after the testing phase (p <
0.001). Therewere nodifferences between groups (TMDvs. healthy
participants, F1,574 = 0.37, p = 0.542), indicating that TMD and
healthy participants had comparable expectations at baseline, after
the conditioning phase, and after the testing phase.

Placebo Analgesia Induced by
Conditioning Procedure
An omnibus ANOVA for repeated measurements was conducted
with red and green trials during the testing phase set as within-
subjects dependent variable and group as between-subjects variable.
The significantmain effect of the condition (F1,577 =631.03, p<0.001,
Cohen's f = 1.05) indicated that, overall, participants displayed
placebo analgesia induced by the conditioning procedure with
significantly lower pain intensity ratings for green trials (mean =
30.75, sem=0.87) in comparisonwith red trials (mean=49.73, sem=
0.94, Cohen's d = 1.05). There was no significant interaction
between the condition and group (F1,577 = 3.29, p = 0.070),
suggesting that the placebo analgesia was similar in the TMD
(mean = 17.60, sem = 1.22) and healthy participants (mean =
20.35, sem = 0.89). We observed significant placebo analgesia
through a separate analyses for TMDs and healthy participants,
as revealed by the main effect of the condition (red vs. green) on
pain intensity ratings during the testing phase in both TMDs
(F1,198 = 197.75, p < 0.001; Cohen's f = 1.00) and healthy
participants (F1,379 = 540.78, p < 0.001; Cohen's f = 1.19). That
is, pain ratings for test trials (green) were significantly lower than
control trials (red) during the testing phase in both TMDs
(Green: mean = 31.17, sem = 1.37; Red: mean = 48.78, sem =
1.45; p < 0.001) and healthy participants (Green: mean = 30.33,
sem = 1.04; Red: mean = 50.68, sem = 1.13; p < 0.001).

Identifying Critical Covariates
The results of linear regression indicated that older age was
associated with lesser placebo analgesia (b = −0.20, p < 0.001).
Additionally, higher warmth-detection threshold was associated
with lesser placebo analgesia (b = −0.10, p = 0.020). Given that
age and warmth-detection thresholds had a significant impact on
placebo analgesia, those two variables were treated as covariates
in the LCA models.

Latent Class Analysis
We modeled the trajectory of the effects of learning using the
delta scores of red-minus-green pain intensity ratings during the
conditioning phase. For TMDs, the LMR-LRT was significant for
the 2-Class model according to the delta pain ratings during the
second round of conditioning (p = 0.035) with a high entropy
value (0.858, Table 2). This suggests that placebo conditioning
trajectories differed substantially during the second round of the
conditioning phase between the two subgroups. The goodness of
fit criteria were adequate with BIC = 9839.827 for this model.
Class 1, including 164 participants (82.4%), was characterized by
persistent large delta scores of pain ratings. On the contrary,
February 2020 | Volume 11 | Article 39
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Class 2 (35 participants, 17.6%) was characterized by a
decreasing delta scores over trials (Figure 2A).

Additionally, the TMD participants were classified into two
classes based on delta scores using the overall conditioning phase
(12 trials in total). The LMR-LRT test was significant (p = 0.0499)
with adequate entropy value (0.812), suggesting that the two
subgroups showed distinct trajectory patterns of delta scores. The
goodness of fit criteria were adequate with BIC = 19878.389 for this
model. Class 1, including 167 participants (83.9%), was characterized
as gradually increasing delta scores over trials. On the contrary, Class
2 (32 participants, 16.1%) was characterized as gradually decreasing
delta scores over trials (Figure 2B).

For healthy participants, the LCA model for the first round of
conditioning resulted in a 2-Class model (LMR-LRT test p = 0.021)
with a high entropy value (0.892), suggesting differences in the
trajectory patterns of conditioning between the two subgroups. The
goodness offit criteria were adequate with BIC = 18200.348 for this
model. Class 1, including 360 participants (94.7%), was
characterized as having increasing effects of conditioning over
trials, with greater subsequent placebo analgesia. Class 2
(20 participants), on the other hand, was characterized as having
persistently lower effects of conditioning, with fluctuating changes
in subsequent placebo analgesia over the trials (Figure 2C). The
remaining LCA models, which did not meet the criteria, are
reported in Table 2.

Class Differences in Placebo Analgesia
The grouping based on delta scores during the conditioning phase
significantly predicted placebo analgesia within both TMD
(Figures 3A, B) and healthy participants (Figure 3C). For TMD
participants, those who showed persistently large differences
between red and green trials in the second round of conditioning
(Class 1) displayed significantly higher placebo analgesia in the
testing phase than participants from Class 2, who showed reducing
differences between red and green trials during the conditioning
phase (Mann-Whitney U = 1650.5, p < 0.001, Figure 3A). When
classes were identified based on delta scores across the whole
conditioning phase (12 trials), the results indicated that TMD
Frontiers in Psychiatry | www.frontiersin.org 6
participants who showed increasing differences between red and
green pain ratings over trials also had greater placebo analgesia
(Mann-Whitney U = 1335.5, p < 0.001, Figure 3B). These results
indicated that larger and increasing delta scores during the
conditioning phase were associated with greater placebo
analgesia within TMD participants.

Similarly, healthy participants who reported more substantial
differences between red and green trials during the first round of
conditioning (Class 1) displayed significantly larger placebo
analgesia compared to those who reported consistently small
differences between red and green trials during the conditioning
phase (Class 2, Mann-Whitney U = 2180.5, p = 0.003, Figure 2C).

Class Differences in Expectations
We determined the class differences in self-reported
expectations (baseline vs. after conditioning phase vs. after
testing phase) within TMD and healthy participants,
separately. For TMD participants, rwo classes were
identified based on session 2 of the conditioning phase
(trial 7 to trial 12). Class 1 was characterized by greater
conditioning strength while class 2 was characterized by
smaller conditioning strength. Those two classes did not
differ in baseline expectations (Mann-Whitney U = 2857.0,
p = 0.966) or self-reported effectiveness after the testing
phase (Mann-Whitney U = 2662.5, p = 0.501). However,
class 1 displayed significantly greater reinforced expectations
after the conditioning phase (mean rank = 106.44) in
comparison with class 2 (mean rank = 69.81, Mann-
Whitney U = 1813.5, p = 0.001). TMD participants were
also classified into two classes based on overall conditioning
phase (trial 1 to trial 12). Class 1 was characterized by greater
overall conditioning strength while class 2 was characterized
by less overall conditioning strength. Class 1 and class 2 did
not show any differences in baseline expectations ratings
(Mann-Whitney U = 2365.50, p = 0.296). However, those
TMD participants with greater overall conditioning strength
(class 1), showed greater reinforced expectations (Mann-Whitney
U = 1364.00, p < 0.001) and self-reported effectiveness after the
TABLE 2 | Goodness-of-fit criteria for LCA models within TMD and healthy controls (HC).

Groups Conditioning
Trials Used

# of
classes

BIC Sample-Size Adj. BIC Entropy LMR LRT test # participants in each class

Test value p-value

TMD 1-6 2 10,102.429 10,045.404 0.971 1.199 0.1496 4/195
3 10,093.484 10,026.955 0.887 16.283 0.2353 168/4/27

TMD 7-12 2 9,896.852 9,839.827 0.858 42.981 0.0354 164/35
3 9,895.995 9,829.466 0.881 15.745 0.2229 158/29/12

TMD 1-12 2 19,878.389 19,802.356 0.812 24.180 0.0499 167/32
3 19,882.965 19,797.428 0.865 10.635 0.3876 11/27/161

HC 1-6 2 18,200.348 18,143.238 0.892 30.298 0.0205 360/20
3 18,108.021 18,124.136 0.793 25.948 0.1071 19/150/211

HC 7-12 2 17,511.885 177,454.774 0.889 44.747 0.2961 27/353
3 17,476.142 17,409.513 0.959 50.717 0.0635 353/22/5

HC 1-12 2 35,339.347 35,463.199 0.815 37.505 0.1012 335/45
3 35,340.326 35,254.660 0.834 15.946 0.6207 333/18/29
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testing phase (Mann-Whitney U = 1976.00, p = 0.019) than those
with lower level of conditioning strength (class 2).

In terms of healthy participants, two classes were identified
based on session 1 of the conditioning phase (trial 1 to trial 6). Class
1, which was characterized by greater delta scores during first
session of the conditioning phase, showed greater reinforced
expectations (mean rank = 191.97) in comparison with class 2
characterizing by smaller conditioning strength (mean rank =
132.97, Mann-Whitney U = 2336.50, p = 0.021). Class 1 and class
2 did not show any differences in baseline expectation ratings
(Mann-Whitney U = 3415.50, p = 0.711) or self-reported
effectiveness after the testing phase (Mann-Whitney U = 3417.50,
p = 0.717).

Mediation Analysis
We tested the hypothesis that the reported reinforced
expectations of pain reductions would mediate the association
between the identified classes and placebo analgesia observed
during the testing phase. Interestingly, when TMD classes were
identified based on the second round of conditioning, we found
that both the direct effect (c' = 11.49, 95%BCI = [5.11, 17.87]) and
indirect effect (ab = 1.24, 95%BCI = [0.11, 2.83]) were significant,
suggesting that expectations partially mediated the association
Frontiers in Psychiatry | www.frontiersin.org 7
between both classes (Figure 4). Namely, in comparison to class
2, class 1 was characterized as having larger delta scores in the
second round of conditioning and displayed larger placebo
analgesia during the testing phase by inducing higher
expectations of pain reduction. However, the indirect effect was
not significant when the TMD class was identified based on the
whole conditioning phase (12 trials) with ab = 1.43, 95%BCI =
[−0.08, 3.43], suggesting that the second round conditioning
played a more critical role in inducing placebo analgesia. We
found that classes of healthy participants were different in
expectations levels (Mann-Whitney U = 2513.50, p = 0.023)
with class 1 displaying a significantly higher level of pain
reduction expectations than class 2. However, the indirect
effect was not significant (ab = −0.31, 95%BCI = [−1.45, 0.96]),
suggesting that expectations did not mediate the association
between the classes and placebo analgesia in healthy volunteers.
DISCUSSION

This study used an LCA approach to determine how learning
patterns during a conditioning phase can affect the formation of
placebo analgesia in TMD and healthy participants. It further
FIGURE 2 | Characterization of classified trajectories. In all models, Class 1 is orange and Class 2 is blue. (A) Delta value trajectories of the second conditioning
round provided a model of TMD participants in which Class 1 (n = 164) displayed a persistent large delta score and Class 2 (n = 35) displayed a decreasing delta
score. (B) Delta value trajectories of both conditioning rounds provided a model dividing TMD participants into Class 1 (n = 167), gradually increasing in delta score,
and Class 2 (n = 32), gradually decreasing in delta score. (C) Delta value trajectories of the first conditioning round provided a model which divides healthy
participants into Class 1 (n = 360), displaying increasing but persistently large delta scores, and Class 2 (n = 20), displaying lower and fluctuating delta scores. No
significant classes were identified when rounds 1n and 2 were considered together in healthy participants. Data are expressed as delta and error bars show 95%
Confidence Interval.
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FIGURE 3 | Distribution of individual placebo analgesic scores based on the LCA classes. (A) In the TMD participants, Class 1 (the second conditioning round) displayed
greater individual placebo effects than Class 2 (Mann-Whitney U = 1650.5, p < 0.001). (B) In the TMD participants Class 1 displayed greater individual placebo effects than
Class 2 when both conditioning rounds were included (Mann-Whitney U = 1335.5, p < 0.001). (C) In the healthy participants, Class 1 displayed greater individual placebo
effects than Class 2 when round 1 of conditioning was detected as significant (Mann-Whitney U = 2180.5, p = 0.003). In all models, Class 1 is orange and Class 2 is blue.
Data are presented as box-and-whisker plots with median, quartile, and minimum and maximum represented **p < 0.01; ***p < 0.001.
FIGURE 4 | Mediation model. Class 1 displayed persistently larger delta scores of pain ratings during the conditioning phase, while Class 2 showed decreasing
delta scores. The mediation model indicated that both the direct effect (c' = 11.49, 95%CI = [5.11, 17.87]) and indirect paths (ab = 1.24, 95%CI = [0.11, 2.83]) were
significant, suggesting that conditioning patterns influence the formation of expectations that consequently mediated the association between classes and placebo
analgesia during the testing phase.
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investigated the relationship between expectations and placebo
analgesia. We found that the class of participants with larger
perceived differences (delta scores) during conditioning between
the maximally painful (red) and minimally painful (green)
stimuli exhibited larger placebo effects than those with smaller
delta scores. Expectations of pain relief rated after conditioning
procedure were larger in those who reported larger differences
during testing phase, mediating the subsequent placebo
analgesic effects.

LCA is a method to uncover unobserved subgroups where
group members share homogeneous characteristics in measured
variables (16, 22). This method has been broadly used to explore
subtypes of different symptoms, such as eating disorder (23),
attention deficit/hyperactivity disorder (24, 25), post-traumatic
stress disorder (26, 27), borderline personality disorder (28), and
low back pain (29). The advantages of LCA are its flexibility in
dealing with both simple and complex data and its rigor in
choosing of class criteria (30). Given that prior experience and
expectation are critically associated with placebo effects (1), these
advantages enabled us to apply this approach to identify learning
patterns that could eventually be associated with placebo
analgesic effects.

In this study, the LCA-generated models classified both TMD
and healthy participants as either showing larger (class 1) or
smaller (class 2) delta scores during the conditioning phase. Not
surprisingly, the classes with larger delta scores also displayed
significantly greater placebo analgesia than those with smaller
delta scores. The TMD participants characterized as having
larger delta scores in the second round of conditioning
displayed greater placebo analgesia during the testing phase by
inducing higher expectations of pain reduction than the TMD
participants who had smaller delta scores during the
conditioning phase. This is in line with previous studies,
although to our knowledge our approach is the first one that
has looked specifically at learning patterns that drive placebo
analgesic effects.

Placebo analgesia describes the beneficial results of a
treatment that are due to context, rather than the actions
of a drug (1, 3, 31). Previous studies have postulated and
demonstrated that prior experiences (pain ratings during a
conditioning phase), sensory information (intensity of
painful stimuli), and context (cues) all contribute to the
f o rma t i on o f p l a c ebo ana l g e s i a ( 3–5 ) . C l a s s i c a l
conditioning, which forms the expectation of pain relief
through reinforcement association, is one of the most
effective means of exploring how prior experiences
can shape placebo analgesic effects (3), and has been found
to induce stronger placebo effects than a mere verbal
suggestion procedure [see review, (32)]. We expanded
previous findings on conditioned placebo analgesia (13, 33)
by showing that distinct learning patterns during a
condi t ion ing phase were assoc ia t ed wi th di s t inc t
subsequent p lacebo ana lges ic e ffec t s . Spec ifica l ly ,
participants who had persistently large and/or increasing
delta scores during the conditioning phase also displayed
Frontiers in Psychiatry | www.frontiersin.org 9
greater placebo analgesia than those who showed persistently
lower and/or decreasing delta scores during the conditioning
phase. This held true in both TMD and healthy participant
groups. Indeed, our results highlight the important role of
prior experience (i.e., the associational processes during
classical conditioning) in shaping placebo analgesia. The
results were also meaningful in a clinical context, given
that TMD participants who suffer from chronic orofacial
pain demonstrated a significant impact of learning patterns
on placebo effects. Our findings are also in line with previous
c l in ica l s tudies explor ing the associat ion between
experiences of treatments and placebo effects (34), where
the authors found that previous successful treatments would
result in greater placebo effects.

Given that the majority of studies in the area of placebo and pain
research have been conducted in healthy, pain-free volunteers, an
open question is to what extent we can translate the wealth of
knowledge on neurobiological mechanisms of endogenous
nociceptive inhibition, or how neural and biological systems
interact to block perception of painful stimuli, to populations of
pain patients (35). Our findings show that patients suffering from
chronic orofacial pain experience placebo effects and therefore may
benefit from the activation of descending pain modulation systems
and cognitivemodulation of expectancy. Our results support findings
from studies with pain populations such as chronic irritable bowel
syndrome (36–38), idiopathic and neuropathic pain (39–41), low
back pain (42, 43), migraine (44), and knee osteoarthritis (45). In
addition, these findings align with previous results comparing healthy
participants and participants with chronic pain (46, 47).

The significant LCA classes discovered in our study suggest
that distinct patterns during conditioning for both TMD and
healthy participants induced significant placebo analgesia.
Although TMD and healthy participants showed similar
overall placebo analgesia (during the testing phase), the two
cohorts displayed different learning strategies during the
conditioning phase. The results of LCA modeling indicate that
the TMD patients' learning patterns in the second round of
conditioning and healthy participants' learning patterns in the
first round of conditioning were associated with the magnitude
of their placebo analgesia during the testing phase. The TMD
participants were relatively slower in acquiring conditioned pain
responses compared to healthy pain-free participants.

Prior experiences not only contribute to the formation of
placebo effect per se, but they may also shape pain relief
expectations (33). In fact in this study, the link between
learning patterns and placebo analgesia was partially mediated
by the magnitude of pain-relief expectations. Namely, TMD
participants with larger delta scores during the conditioning
phase also had higher pain-relief expectations, which in turn
induced larger placebo effects. For the healthy participants, too,
those who had persistently larger delta scores displayed greater
placebo analgesia than those who reported persistently smaller
delta scores. In other words, prior analgesic experiences critically
and dynamically affected expectations. Although the mediation
model determined that self-reported expectations did not
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significantly mediate individual placebo analgesia, we found that
healthy participants with greater delta scores displayed higher
pain-reduction expectations than those with smaller delta,
indicating a strong influence of learning patterns on the
formation of expectations.

The current study has several limitations. First, there was an
unequal distribution of participants in our LCA approach,
specifically within the identified classes and patterns of responses
in the conditioning phase. This unequal distribution may indicate
that our model described outlying patterns, which may limit its
applicability to a given individual. Moreover, clinical translatability
of our modeling approach is hampered because it relies on the
conditioning procedure and experimental pain. A clinician treating
a single patient may not be able to directly test how that patient
responds to conditioning cues and acute experimental pain.
Additionally, our paradigm only investigated placebo effects using
an acute pain stimulus, and yet, given the high load of
pharmacological analgesics consumed by chronic pain patients,
the clinical use of placebos is frequently discussed for treatment of
chronic pain. Moreover, according to Wiech (4), expectations that
are too “far-fetched” may result in updated expectations. The
current data only contained expectations rated after the
conditioning, which would not allow us to make inferences about
the dynamic expectation modulation processes induced by prior
experiences. Finally, the exploratory nature of the LCA algorithm
used in this study limited the generalization of the present results to
a broader population. Future research is required to confirm the
underlying learning patterns of chronic pain patients and to
determine the associated placebo responsiveness at the individual
l e v e l , wh i ch can he lp op t im i z ing ind i v idua l i z ed
therapeutic strategies.

Aside from the limitations, the strengths of the current
study need to be outlined. First, this is the first study exploring
placebo analgesia in chronic orofacial pain (1). Second, this is
first study to use LCA modeling of a response pattern during
the conditioning phase of a well-controlled experimental
setting for placebo analgesia. This method enabled us to
unveil distinct patterns that were not set a priori, and thus
the classes we identified emerged naturally. Finally, the current
study was the first to demonstrate that TMD participants
experience similar conditioned placebo analgesia to healthy
pain-free controls. This is critical, given that TMD participants
had substantially different prior pain and treatment
experiences than healthy controls. Understanding what is
similar and what is different in the development of placebo
analgesia across the two populations is valuable to successfully
developing future treatments.

Although this study provided experimental evidence about
how prior experience may influence placebo responsiveness, it
still had some clinical implications. First, we found that TMD
participants who had suffered from ongoing chronic pain
displayed comparable placebo analgesia in comparison with
healthy participants, suggesting that chronic pain patients
could benefit from placebo procedures as much as healthy
Frontiers in Psychiatry | www.frontiersin.org 10
populations do. More importantly, it is likely that chronic pain
participants who have prior experiences of substantial pain
reduction will benefit more from expectancy-induced analgesia
in comparison with those who have not had pain relief
experiences. In clinical settings, healthcare professionals may
need to consider prior therapeutic experiences of patients and
expectations of treatment effectiveness when providing
treatment plans.
CONCLUSION

Placebo analgesia was induced in chronic orofacial pain and
pain-free study participants via a conditioning procedure, and
patterns of their response to placebo during conditioning and
testing phases were analyzed. LCA was conducted to classify the
participants based on the trajectories of their pain ratings during
the conditioning rounds. Participants were grouped into two
classes: one characterized by persistently greater differences
in their pain ratings during the conditioning rounds and one
by persistently lower differences in their pain ratings during
the condit ioning rounds. Both TMD and pain-free
participants in the first class displayed greater placebo
analgesia than those in the second class. Furthermore,
expectation acted as a mediator for this relationship. This
is the first study exploring TMD and LCA in estimating
placebo analgesic responsiveness. Modeling therapeutic
effects of placebo has large implications for healthcare,
specifically in terms of optimizing clinical trial design and
even developing personalized therapeutic strategies. Chronic
pain patients with greater prior pain relief experiences may
respond more to placebo procedures when compared those
without previous pain reduction experiences. Healthcare
providers should consider prior therapeutic experiences of
the patients and assess their expectations of treatment
effectiveness when providing pain therapies.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation, to any
qualified researcher.
ETHICS STATEMENT

This study was carried out in accordance with the
recommendations of the Institutional Review Board (IRB),
University of Maryland Baltimore with written informed consent
from all subjects. All subjects gave written informed consent in
accordance with the Declaration of Helsinki. The protocol was
approved by the IRB, University of Maryland Baltimore.
February 2020 | Volume 11 | Article 39

https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Wang et al. Learning Patterns and Placebo Effects
AUTHOR CONTRIBUTIONS

LC designed the study and contributed to data analyses. TA, NH,
CT, MB, and NR collected the data. JP screened and confirmed
the diagnosis of TMD. CT analyzed the data in collaboration
with LC and YW. LC, SZ, and YW contributed to the
interpretation of the results. LC drafted the manuscript in
collaboration with CT, YW, and NR. All authors commented
on and approved the final draft.
Frontiers in Psychiatry | www.frontiersin.org 11
FUNDING

This research is supported by NIDCR (R01 DE025946, LC). The
funding agencies have no roles in the study. The views expressed
here are the authors' own and do not reflect the position or policy
of the National Institutes of Health or any other part of the
federal government. We acknowledge the support of the
University of Maryland Baltimore, Institute for Clinical &
Translational Research (ICTR).
REFERENCES

1. Colloca L. The placebo effect in pain therapies. Annu Rev Pharmacol Toxicol
(2019) 59:191–211. doi: 10.1146/annurev-pharmtox-010818-021542

2. Peiris N, Blasini M, Wright T, Colloca L. The placebo phenomenon: a narrow
focus on psychological models. Perspect Biol Med (2018) 61(3):388–400. doi:
10.1353/pbm.2018.0051

3. Buchel C, Geuter S, Sprenger C, Eippert F. Placebo analgesia: a predictive
coding perspective. Neuron (2014) 81(6):1223–39. doi: 10.1016/
j.neuron.2014.02.042

4. Wiech K. Deconstructing the sensation of pain: The influence of cognitive
processes on pain perception. Science (2016) 354(6312):584–7. doi: 10.1126/
science.aaf8934

5. Anchisi D, Zanon M. A Bayesian perspective on sensory and cognitive
integration in pain perception and placebo analgesia. PloS One (2015) 10
(2):e0117270. doi: 10.1371/journal.pone.0117270

6. Nylund KL, Asparouhov T, Muthén BO. Deciding on the number of classes in
latent class analysis and growth mixture modeling: a Monte Carlo simulation
study. Struct Equation Model: A Multidiscip J (2007b) 14(4):535–69. doi:
10.1080/10705510701575396

7. Greene CS. Temporomandibular disorders in the geriatric population. J Prosthet
Dent (1994) 72(5):507–9. doi: 10.1016/0022-3913(94)90123-6

8. Scrivani SJ, Keith DA, Kaban LB. Temporomandibular disorders. N Engl J
Med (2008) 359(25):2693–705. doi: 10.1056/NEJMra0802472

9. Zakrzewska JM. Differential diagnosis of facial pain and guidelines for
management. Br J Anaesth (2013) 111(1):95–104. doi: 10.1093/bja/
aet125

10. Schiffman E, Ohrbach R, Truelove E, Look J, Anderson G, Goulet JP, et al.
Diagnostic criteria for temporomandibular disorders (DC/TMD) for clinical
and research applications: recommendations of the International RDC/TMD
Consortium Network* and Orofacial Pain Special Interest Groupdagger. J
Facial Pain Headache (2014) 28(1):6–27. doi: 10.11607/jop.1151

11. Ohrbach R., Knibbe W. (2018) Diagnostic criteria for temporomandibular
disorders: scoring manual for self-report instruments. Available online at:
www.rdc-tmdinternational.org (accessed May 29, 2016).

12. Fruhstorfer H, Lindblom U, Schmidt WC. Method for quantitative estimation
of thermal thresholds in patients. J Neurol Neurosurg Psychiatry (1976) 39
(11):1071–5. doi: 10.1136/jnnp.39.11.1071

13. Colloca L, Benedetti F. How prior experience shapes placebo analgesia. Pain
(2006) 124(1-2):126–33. doi: 10.1016/j.pain.2006.04.005

14. Muthén LK, Muthen B. Mplus User"s Guide: Statistical Analysis with Latent
Variables, User"s Guide. (2017). Los Angeles, CA: Muthén & Muthén.

15. Lo AK, Liu Y, Wang X, Wong YC, Kai Fai Lee C, Huang DP, et al.
Identification of downstream target genes of latent membrane protein 1 in
nasopharyngeal carcinoma cells by suppression subtractive hybridization.
Biochim Biophys Acta (2001) 1520(2):131–40. doi: 10.1016/s0167-4781(01)
00260-3

16. Nylund K, Bellmore A, Nishina A, Graham S. Subtypes, severity, and
structural stability of peer victimization: what does latent class analysis say?
Child Dev (2007a) 78(6):1706–22. doi: 10.1111/j.1467-8624.2007.01097.x

17. Celeux G, Soromenho G. An entropy criterion for assessing the number of
clusters in a mixture model. J Classification (1996) 13(2):195–212. doi:
10.1007/BF01246098
18. Hayes AF, Preacher KJ. Statistical mediation analysis with a multicategorical
independent variable. Br J Math Stat Psychol (2014) 67(3):451–70. doi:
10.1111/bmsp.12028

19. Hayes AF. An index and test of linear moderated mediation. Multivariate
Behav Res (2015) 50(1):1–22. doi: 10.1080/00273171.2014.962683

20. Colloca L, Sigaudo M, Benedetti F. The role of learning in nocebo and placebo
effects. Pain (2008) 136(1-2):211–8. doi: 10.1016/j.pain.2008.02.006

21. Dziak JJ, Lanza ST, Tan X. Effect size, statistical power and sample size
requirements for the bootstrap likelihood ratio test in latent class analysis.
Struct Equ Model (2014) 21(4):534–52. doi: 10.1080/10705511.2014.919819

22. Muthén B. Latent variable analysis. Handbook of quantitative methodology for
the social science (2004) Newbury Park, CA: Sage, 345(368):106–9.

23. Keel PK, Fichter M, Quadflieg N, Bulik CM, Baxter MG, Thornton L, et al.
Application of a latent class analysis to empirically define eating disorder
phenotypes. Arch Gen Psychiatry (2004) 61(2):192–200. doi: 10.1001/
archpsyc.61.2.192

24. Hudziak JJ, Heath AC, Madden PF, Reich W, Bucholz KK, Slutske W, et al.
Latent class and factor analysis of DSM-IV ADHD: a twin study of female
adolescents. J Am Acad Child Adolesc Psychiatry (1998) 37(8):848–57. doi:
10.1097/00004583-199808000-00015

25. Rasmussen ER, Neuman RJ, Heath AC, Levy F, Hay DA, Todd RD.
Replication of the latent class structure of attention-deficit/hyperactivity
disorder (ADHD) subtypes in a sample of Australian twins. J Child Psychol
Psychiatry (2002) 43(8):1018–28. doi: 10.1111/1469-7610.00229

26. Forbes D, Elhai JD, Miller MW, Creamer M. Internalizing and externalizing
classes in posttraumatic stress disorder: a latent class analysis. J Trauma Stress
(2010) 23(3):340–9. doi: 10.1002/jts.20526

27. Wolf EJ, Miller MW, Reardon AF, Ryabchenko KA, Castillo D, Freund R. A
latent class analysis of dissociation and posttraumatic stress disorder: evidence
for a dissociative subtype. Arch Gen Psychiatry (2012) 69(7):698–705. doi:
10.1001/archgenpsychiatry.2011.1574

28. Klonsky ED, Olino TM. Identifying clinically distinct subgroups of self-
injurers among young adults: a latent class analysis. J Consult Clin Psychol
(2008) 76(1):22–7. doi: 10.1037/0022-006X.76.1.22

29. Downie AS, Hancock MJ, Rzewuska M, Williams CM, Lin CW, Maher CG.
Trajectories of acute low back pain: a latent class growth analysis. Pain (2016)
157(1):225–34. doi: 10.1097/j.pain.0000000000000351

30. Vermunt JK, Magidson J. Latent class cluster analysis. Applied latent class
analysis. Cambridge, MA: Cambridge University Press. (2002) 11:89–106.

31. Wager TD, Atlas LY. The neuroscience of placebo effects: connecting context,
learning and health. Nat Rev Neurosci (2015) 16(7):403–18. doi: 10.1038/
nrn3976

32. Colloca L. Placebo, nocebo, and learning mechanisms. Handb Exp Pharmacol
(2014) 225:17–35. doi: 10.1007/978-3-662-44519-8_2

33. Stewart-Williams S, Podd J. The placebo effect: dissolving the expectancy
versus conditioning debate. Psychol Bull (2004) 130(2):324–40. doi: 10.1037/
0033-2909.130.2.324

34. Kessner S, Wiech K, Forkmann K, Ploner M, Bingel U. The effect of treatment
history on therapeutic outcome: an experimental approach. JAMA Intern Med
(2013) 173(15):1468–9. doi: 10.1001/jamainternmed.2013.6705

35. Colagiuri B, Schenk LA, Kessler MD, Dorsey SG, Colloca L. The placebo effect:
From concepts to genes. Neuroscience (2015) 307:171–90. doi: 10.1016/
j.neuroscience.2015.08.017
February 2020 | Volume 11 | Article 39

https://doi.org/10.1146/annurev-pharmtox-010818-021542
https://doi.org/10.1353/pbm.2018.0051
https://doi.org/10.1016/j.neuron.2014.02.042
https://doi.org/10.1016/j.neuron.2014.02.042
https://doi.org/10.1126/science.aaf8934
https://doi.org/10.1126/science.aaf8934
https://doi.org/10.1371/journal.pone.0117270
https://doi.org/10.1080/10705510701575396
https://doi.org/10.1016/0022-3913(94)90123-6
https://doi.org/10.1056/NEJMra0802472
https://doi.org/10.1093/bja/aet125
https://doi.org/10.1093/bja/aet125
https://doi.org/10.11607/jop.1151
www.rdc-tmdinternational.org
https://doi.org/10.1136/jnnp.39.11.1071
https://doi.org/10.1016/j.pain.2006.04.005
https://doi.org/10.1016/s0167-4781(01)00260-3
https://doi.org/10.1016/s0167-4781(01)00260-3
https://doi.org/10.1111/j.1467-8624.2007.01097.x
https://doi.org/10.1007/BF01246098
https://doi.org/10.1111/bmsp.12028
https://doi.org/10.1080/00273171.2014.962683
https://doi.org/10.1016/j.pain.2008.02.006
https://doi.org/10.1080/10705511.2014.919819
https://doi.org/10.1001/archpsyc.61.2.192
https://doi.org/10.1001/archpsyc.61.2.192
https://doi.org/10.1097/00004583-199808000-00015
https://doi.org/10.1111/1469-7610.00229
https://doi.org/10.1002/jts.20526
https://doi.org/10.1001/archgenpsychiatry.2011.1574
https://doi.org/10.1037/0022-006X.76.1.22
https://doi.org/10.1097/j.pain.0000000000000351
https://doi.org/10.1038/nrn3976
https://doi.org/10.1038/nrn3976
https://doi.org/10.1007/978-3-662-44519-8_2
https://doi.org/10.1037/0033-2909.130.2.324
https://doi.org/10.1037/0033-2909.130.2.324
https://doi.org/10.1001/jamainternmed.2013.6705
https://doi.org/10.1016/j.neuroscience.2015.08.017
https://doi.org/10.1016/j.neuroscience.2015.08.017
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Wang et al. Learning Patterns and Placebo Effects
36. Vase L, Robinson ME, Verne GN, Price DD. The contributions of suggestion,
desire, and expectation to placebo effects in irritable bowel syndrome patients.
An empirical investigation. Pain (2003) 105(1-2):17–25.

37. Vase L, Robinson ME, Verne GN, Price DD. Increased placebo analgesia over
time in irritable bowel syndrome (IBS) patients is associated with desire and
expectation but not endogenous opioid mechanisms. Pain (2005) 115(3):338–
47. doi: 10.1016/j.pain.2005.03.014

38. Kaptchuk TJ, Kelley JM, Conboy LA, Davis RB, Kerr CE, Jacobson EE, et al.
Components of placebo effect: randomised controlled trial in patients with
irritable bowel syndrome. BMJ (2008) 336(7651):999–1003. doi: 10.1136/
bmj.39524.439618.25

39. Petersen GL, Finnerup NB, Norskov KN, Grosen K, Pilegaard HK, Benedetti
F, et al. Placebo manipulations reduce hyperalgesia in neuropathic pain. Pain
(2012) 153(6):1292–300. doi: 10.1016/j.pain.2012.03.011

40. Petersen GL, Finnerup NB, Grosen K, Pilegaard HK, Tracey I, Benedetti F,
et al. Expectations and positive emotional feelings accompany reductions in
ongoing and evoked neuropathic pain following placebo interventions. Pain
(2014) 155(12):2687–98. doi: 10.1016/j.pain.2014.09.036

41. Vase L, Petersen GL, Lund K. Placebo effects in idiopathic and neuropathic
pain conditions. Handb Exp Pharmacol (2014) 225:121–36. doi: 10.1007/978-
3-662-44519-8_7

42. Hashmi JA, Baria AT, Baliki MN, Huang L, Schnitzer TJ, Apkarian AV. Brain
networks predicting placebo analgesia in a clinical trial for chronic back pain.
Pain (2012) 153(12):2393–402. doi: 10.1016/j.pain.2012.08.008

43. Carvalho C, Caetano JM, Cunha L, Rebouta P, Kaptchuk TJ, Kirsch I. Open-
label placebo treatment in chronic low back pain: a randomized controlled
trial. Pain (2016) 157(12):2766–72. doi: 10.1097/j.pain.0000000000000700

44. Kam-Hansen S, Jakubowski M, Kelley JM, Kirsch I, Hoaglin DC, Kaptchuk TJ,
et al. Altered placebo and drug labeling changes the outcome of episodic
Frontiers in Psychiatry | www.frontiersin.org 12
migraine attacks. Sci Transl Med (2014) 6(218):218ra215. doi: 10.1126/
scitranslmed.3006175

45. Tetreault P, Mansour A, Vachon-Presseau E, Schnitzer TJ, Apkarian AV, Baliki
MN. Brain connectivity predicts placebo response across chronic pain clinical
trials. PloS Biol (2016) 14(10):e1002570. doi: 10.1371/journal.pbio.1002570

46. Klinger R, Soost S, Flor H, WormM. Classical conditioning and expectancy in
placebo hypoalgesia: a randomized controlled study in patients with atopic
dermatitis and persons with healthy skin. Pain (2007) 128(1-2):31–9. doi:
10.1016/j.pain.2006.08.025

47. Klinger R, Kothe R, Schmitz J, Kamping S, Flor H. Placebo effects of a sham opioid
solution: a randomized controlled study in patients with chronic low back pain.
Pain (2017) 158(10):1893–902. doi: 10.1097/j.pain.0000000000000977

Conflict of Interest: LC reported having received support for Invited Lectures
outside the submitted work.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

The reviewer KM declared a past co-authorship with one of the authors LC to the
handling editor.

Copyright © 2020 Wang, Tricou, Raghuraman, Akintola, Haycock, Blasini, Phillips,
Zhu and Colloca. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (CC BY). The use, distribution or reproduction
in other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance with
acceptedacademicpractice.Nouse, distributionor reproduction ispermittedwhichdoes
not comply with these terms.
February 2020 | Volume 11 | Article 39

https://doi.org/10.1016/j.pain.2005.03.014
https://doi.org/10.1136/bmj.39524.439618.25
https://doi.org/10.1136/bmj.39524.439618.25
https://doi.org/10.1016/j.pain.2012.03.011
https://doi.org/10.1016/j.pain.2014.09.036
https://doi.org/10.1007/978-3-662-44519-8_7
https://doi.org/10.1007/978-3-662-44519-8_7
https://doi.org/10.1016/j.pain.2012.08.008
https://doi.org/10.1097/j.pain.0000000000000700
https://doi.org/10.1126/scitranslmed.3006175
https://doi.org/10.1126/scitranslmed.3006175
https://doi.org/10.1371/journal.pbio.1002570
https://doi.org/10.1016/j.pain.2006.08.025
https://doi.org/10.1097/j.pain.0000000000000977
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles

	Modeling Learning Patterns to Predict Placebo Analgesic Effects in Healthy and Chronic Orofacial Pain Participants
	Introduction
	Materials and Methods
	Eligibility Criteria
	Healthy Participants
	TMD Participants

	Experimental Procedures
	Heat Pain Stimulation
	Placebo Manipulation
	Expectations Assessments
	Statistical Analysis

	Results
	Pain Ratings During the Conditioning Phase
	Expectation Changes Across Time
	Placebo Analgesia Induced by Conditioning Procedure
	Identifying Critical Covariates
	Latent Class Analysis
	Class Differences in Placebo Analgesia
	Class Differences in Expectations
	Mediation Analysis

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


