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Abstract: The evidence supporting the use of pharmacological treatments in pediatric chronic pain
is limited. Quantitative sensory testing (QST) and conditioned pain modulation evaluation (CPM)
provide information on pain phenotype, which may help clinicians to tailor the treatment. This
retrospective study aimed to evaluate the association between the use of QST/CPM phenotyping on
the selection of the treatment for children with chronic pain conditions. We retrospectively analyzed
the medical records of 208 female patients (mean age 15 + 2 years) enrolled in an outpatient inter-
disciplinary pediatric complex pain center. Pain phenotype information (QST/CPM) of 106 patients
was available to the prescribing physician. The records of 102 age- and sex-matched patients without
QST/CPM were used as controls. The primary endpoint was the proportion of medications and
interventions prescribed. The secondary endpoint was the duration of treatment. The QST/CPM
group received less opioids (7% vs. 28%, respectively, p < 0.001), less anticonvulsants (6% vs. 25%,
p < 0.001), and less interventional treatments (29% vs. 44%, p = 0.03) than controls. Patients with
an optimal CPM result tended to be prescribed fewer antidepressants (2% vs. 18%, p = 0.01), and
patients with signs of allodynia and/or temporal summation tended to be prescribed fewer NSAIDs
(57% vs. 78%, p = 0.04). There was no difference in the duration of the treatments between the groups.
QST/CPM testing appears to provide more targeted therapeutic options resulting in the overall drop
in polypharmacy and reduced use of interventional treatments while remaining at least as effective
as the standard of care.

Keywords: quantitative sensory testing; conditioned pain modulation; chronic pain; pharmacotherapy

1. Introduction

Chronic pain in children and adolescents has a prevalence of 10-25% and often persists
into adulthood [1-4]. There is currently no evidence supporting the use of pharmacologi-
cal treatments such as antidepressants, anticonvulsants, non-steroidal anti-inflammatory
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drugs (NSAIDs), or opioids for the treatment of chronic non-cancer pain in children or
adolescents [5,6]. There is also a lack of evidence for the safety profiles of these medica-
tions, and the incidence of adverse effects remains largely unknown [6]. Nevertheless,
poly-pharmacological treatments and interventions are regularly prescribed to pediatric
patients for chronic pain [6].

Chronic pain can be dichotomized into chronic primary pain and chronic secondary
pain. Chronic primary pain is defined as “pain in one or more anatomical regions that
persists or recurs for longer than 3 months and is associated with significant emotional
distress or functional disability and that cannot be better accounted for by another chronic
pain condition”. Examples of chronic primary pain include widespread chronic pain,
complex regional pain syndrome, chronic primary visceral pain, chronic primary muscu-
loskeletal pain, chronic primary headache, and orofacial pain [7]. Chronic secondary pain
syndromes are linked to other diseases as the underlying cause, for which pain can initially
be regarded as a symptom. Examples of chronic secondary pain include chronic secondary
musculoskeletal pain, chronic neuropathic pain, chronic postsurgical and post-traumatic
pain, chronic secondary headache, and orofacial pain [7]. Improving the drug-selection
process by providing predictive values of treatment efficacy and safety could help clinicians
deliver improved individualized care to patients [8,9].

Quantitative sensory testing (QST) and the conditioned pain modulation (CPM) eval-
uation are tools that can be used in the research setting to predict treatment responses
in various pain conditions [9,10]. QST/CPM evaluations identify alterations in sensory
processing of mechanical, thermal, and noxious stimuli [11-13] and may suggest an under-
lying pain mechanism in children and adolescents [14—-17]. Previous studies suggested that
QST/CPM phenotype information could help clinicians select the appropriate pharmaco-
logical treatment for chronic pain [18,19].

We hypothesized that patients with a QST/CPM assessment could be prescribed
medical treatments (pharmacological or interventional) in different proportions compared
to those patients that have not been assessed using QST/CPM. This hypothesis was built
on the premise that a treatment plan based on the sensory phenotype allows physicians to
tailor the treatment without deterioration of patient outcomes while reducing the number
of medications prescribed. Therefore, we aimed to describe and compare the prescription
patterns of patients with and without the QST/CPM assessment. The main objective of
this retrospective study was to evaluate if the use of QST/CPM assessments in a pediatric
chronic pain interdisciplinary program has an impact on the selection of pharmacological
or interventional treatment. The secondary objective of the study was to evaluate and
compare the duration of the treatment.

2. Materials and Methods
2.1. Patients

Patients aged 9 to 17 years referred to the ambulatory program of the Edwards Family
Interdisciplinary Center for Complex Pain were included in the study. We used the Center
for Complex Pain database to identify potential candidates for the analysis. The initial
selection included patients between 9 and 17 years old, reporting persistent or recurrent
non-cancer pain for at least three months from September 2015 to October 2018. The second
screening included patients with complete psychosocial and physical function evaluation
and complete information regarding the treatment and cause of the end of treatment. As
female individuals represented over 83% of the sample, we excluded male subjects to avoid
gender variations during the analysis. In addition, we excluded patients who would not
be candidates for QST/CPM testing (i.e., younger than seven years old, developmental
delay, etc.), patients who did not understand English or French, and patients with a cancer
diagnosis. Finally, patients who had a QST/CPM assessment before their first evaluation
were matched according to age and diagnosis using a computerized randomization method
to patients who did not have a QST/CPM assessment (“standard of care control group”) in
a 1:1 ratio. The Center for Complex Pain has used a comprehensive QST protocol to assess
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mechanisms of pain as well as a CPM protocol to evaluate the endogenous descending
pain inhibitory control of patients before the initiation of a treatment since early 2016. The
evaluation was systematically offered to patients starting in September 2017.

Chronic pain conditions were categorized retrospectively for the purpose of this study
using the ICD-11 classification of chronic pain using the categories of (1) chronic primary
pain and (2) chronic secondary pain [7].

2.2. Interdisciplinary Evaluation (Standard of Care)

The interdisciplinary outpatient program of the Center for Complex Pain focuses on
optimizing physical and psychological function, normalizing sleep and social function, and
increasing levels of activity while assisting with the management of the pain. The core team
at each evaluation includes a nurse clinician, psychologist, social worker, physiotherapist,
clinical fellow, and a pain physician. The clinical team of the Center for Complex Pain
remained constant during the study period, excluding the change of one social worker,
one nurse clinician, and the rotation of clinical fellows. At baseline, the team evaluates
sleep quality, physical function, and psychological function using the Pittsburgh Sleep
Quality Index [20] (PSQI), the Functional Disability Inventory [21,22] (FDI), and the Revised
Child Anxiety and Depression Scale [23] (RCADS), respectively. After an interdisciplinary
simultaneous interview with the team and their parent(s), the patient undergoes a physical
examination (clinical fellow, physician, and physiotherapist) that includes a detailed neuro-
logical exam with particular attention to changes in sensations. Pain is assessed consistently
using the Numerical Rating Scale (where 0 represents no pain, 10 represents the worst
pain imaginable) during patient evaluations with the interdisciplinary team. The pain was
assessed at rest and with activity. The clinicians report the presence and distribution of
hyperalgesia, allodynia, dysesthesia, loss of sensation, and any other specific changes on
the standard neurological exam.

2.3. QST/CPM Ewvaluation Protocol

The full evaluation is termed QST/CPM evaluation but may be abbreviated to “QST”
only for short in the tables/figures. The QST protocol was based on previous compre-
hensive studies and includes assessments of mechanical detection threshold, vibration
detection threshold, dynamic mechanical allodynia, pain pressure threshold, heat pain
threshold, and mechanical pain summation. QST/CPM evaluations were offered as a clini-
cal service at the first appointment at the clinic, and parents were not present in any of the
evaluations. The procedures were standardized and performed in triplicates by a single
QST/CPM technician. The results were evaluated and compared to reference values from
the literature, when available, with respect to protocol and test sites [15,24]. Tests were
performed on both control sites and painful locations when possible. The endogenous
descending pain inhibitory pathway was evaluated using a CPM paradigm of tonic thermal
stimulations [11,25,26].

The pain pressure threshold (PPT) was measured using a hand-held digital pressure
algometer (Jtech) with a display in Newtons. If the PPT was significantly below the lower
bound of the 95% CI of the reference values at a control site (masseter, thenar muscle, or
ball of the foot, as described by Blankenburg and colleagues in a group of healthy children
and adolescents [15]) or significantly lower (difference of at least 30%) compared to a same-
subject’s contralateral site in the instance of unilateral pain, deep-tissue pressure pain
sensitivity was reported. A greater pressure pain sensitivity indicates enhanced mechanical
sensitivity [15].

The presence of dynamic mechanical allodynia was reported using a standardized
brush (Somedic SENSELab—Brush-05). Allodynia is defined by the IASP as “pain due
to a stimulus that does not normally provoke pain” [27]. On a mechanistic level, dy-
namic allodynia is proposed as a lack of inhibition of excitatory crosstalk between sensory
modalities (touch and pain) by interneurons in the spinal dorsal horn [28]. In other words,
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there is a failure to separate the input from Ap-fibers (touch) and nociceptive-specific
neurons [28,29].

The presence of temporal summation was evaluated both mechanically and thermally.
Mechanical temporal summation was evaluated using the difference in the self-reported
pain between one and ten stimulations with a Neuropen (Owen Mumford) with a standard-
ized 40 g Neurotip at a rate of 1 per second. Mechanical temporal summation was evaluated
at a control site (masseter, thenar muscle, or ball of foot) as well as the painful site within
the individual, but not to external reference values due to the difference in the tool used.
Thermal temporal summation was measured on the medial forearm during a constant heat
stimulus over a period of 2 min at a pre-determined temperature self-reported to cause
> 5/10 pain and interpreted as the difference in pain intensity between the numerical
rating score at 60 s and at 120 s of the test [25]. If a patient was not able to tolerate the
2 min test, the temperature was decreased by 0.5 °C and repeated until they were able to
tolerate it for 2 min. For both temporal summation tests, a significant increase of >2/10 in
pain rating was considered a positive result based on Initiative on Methods, Measurement,
and Pain and Assessment in Clinical Trials (IMMPACT) recommendations for clinically
important differences in pain intensity [30]. All thermal testing was performed using the
Medoc QSense apparatus and a computerized visual analog scale (CoVAS). Mechanisti-
cally, temporal summation, also called wind-up, may reflect an increase in the excitatory
postsynaptic potentials in response to repeated C-fiber stimulation [28,29]. Studies suggest
that temporal summation is stronger in individuals with primary chronic pain (including
fibromyalgia) compared to normal controls [31,32].

Mechanical detection threshold and vibration detection thresholds were investigated
using Von Frey Filaments and a 64 Hz tuning fork (Rydel-Seiffer), respectively, and com-
pared to reference values for the zygomatic bone, processus styloideus ulnae, or malleolus
internus [15]. These measures were used as additional information regarding the integrity
of the Ap-fibers as complementary information to suggest the possibility of deafferenta-
tion pain.

The endogenous descending pain inhibitory pathway control was quantitatively
evaluated using the CPM paradigm developed by Marchand and colleagues [25] and
simplified to be used in younger patients [33]. The paradigm consists of the difference
in continuous pain rating during two tonic thermal heat pain stimulations on the right
medial forearm separated by a cold-water conditioning stimulus consisting of a left forearm
immersion of 2 min at 12 °C. The thermal heat component was performed using the Medoc
QSense and a computerized visual analog scale (CoVAS). The two-minute painful thermal
stimulation temperature was pre-determined as the temperature at which the patient
experienced a self-reported pain of >5/10, as described in previous studies [11,26]. The
efficacy of the CPM test was categorized as efficient, suboptimal, or inefficient. An efficient
CPM score corresponded to a pain reduction of 30% or more, whereas an inefficient CPM
score corresponded to a pain reduction of less than 10% or pain facilitation [11,26]. The
suboptimal CPM category was included as a conservative buffer to allow for a margin of
error (pain reduction between 11% and 29%) [11,25,26]. The numerical value of the CPM
was also reported for each patient. An inefficient CPM result is suggested to reflect an
incapacity to trigger a proper endogenous pain inhibition [11,26,34-37].

2.4. Proposed Treatments

After the physical examination, the team proposed an individualized treatment pro-
gram for the patient and their family, including non-pharmacological as well as pharmaco-
logical and interventional treatments. The cost of the evaluations, treatment, and follow-up
provided by the Center for Complex Pain is entirely covered by the Quebec public health
system and by unrestricted grants from the Montreal Children’s Hospital Foundation, the
Louise and Alan Edwards Foundation, and the Pathy Family Foundation.
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The multidisciplinary program included cognitive behavioral therapy (individual and
groups) and outpatient physiotherapy once a week or twice a month, depending on the
patient’s needs. The medical treatment varied based on the information available during
the clinical evaluations. When the QST /CPM evaluation results were not available, the
clinicians chose the medical treatment using treatment guidelines for specific conditions
(i.e., headache, widespread chronic pain, functional abdominal pain, complex regional
pain syndrome, etc.). In addition, they selected the treatment based on the findings of the
physical examination (i.e., allodynia, hyperalgesia, loss of sensation, etc.) or on the type of
pain (neuropathic pain, inflammatory pain, sensitization, etc.).

When clinicians had the results of the QST/CPM evaluation, they used a simplified
protocol in addition to the findings of the physical examination (Table 1). The treatment
protocol was based on mechanistic considerations and adapted from previous studies on
adults and children with chronic pain conditions [19,35,38-50]. In cases where all three
QST /CPM phenotypes were present (phenotypes A, B, and C), the most common order
of proposal of pharmacological agents was: (1) pharmacological treatment for phenotype
B, (2) for phenotype C, (3) for phenotype A. Interventional procedures were indicated in
case of localized pain even if the source was expected to be on deep nociceptors such as
muscles. Interventional procedures such as central blocks were only proposed after other
avenues were explored because patients would need to be admitted to the ward. When
cases were more complex, for example, when patients presented with multiple diagnoses or
mixed physical findings, the clinicians used their clinical experience to determine the best
treatment course possible. All the data gathered from the auto-evaluation and the initial
evaluation and follow-ups were prospectively documented in the Center for Complex Pain
database and transferred to the patient’s electronic chart.

Table 1. Treatment recommendations according to QST/CPM phenotype.

QST/CPM Phenotype Treatment
Phenotype A: Allodynia and/or Temporal Summation
First line Gabapentinoids
Second line Ketamine (IV or oral), opioids

Phenotype B: Pain Pressure Sensitivity
NSAIDs, topical treatments, interventional treatments for

First line well-localized pain
Second line Lidocaine IV infusions
Phenotype C: Inefficient or Suboptimal Conditioned Pain Modulation
First line Tricyclic antidepressants, Oral Clonidine
Second line Selective Serotonin Reuptake Inhibitors

2.5. Primary Endpoint

The primary outcome measure was the number and type of medical treatments pre-
scribed by the team to treat pain. Medical treatments were grouped into six categories:
antidepressants; opioids; non-steroidal anti-inflammatories (NSAIDs), including diclofenac
topical cream; anticonvulsants; other drugs (including mainly magnesium supplements,
melatonin supplements, oral clonidine and topical non-NSAID creams); and interventional
treatments. Most interventional treatments consisted of ultrasound-guided peripheral
nerve blocks with very few ablative procedures (mainly radiofrequency), as previously
described by Vega and colleagues [51].

2.6. Secondary Outcome Measures

The initial treatments prescribed to patients with primary and secondary pain con-
ditions were independently analyzed. We also analyzed the duration of treatment as
an independent variable. We defined the duration of treatment as the time between the
first ambulatory evaluation and the completion of the treatment. Patients were consid-
ered to have completed the treatment when they reported minimal (NRS < 3/10) or no
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pain, were not taking pain medication, and were presenting normal physical and role
functioning (school attendance). Other reasons for early termination of the treatment
included transfer to another specialty, transfer to adult care on their 18th birthday, or loss
to follow-up.

2.7. Statistical Analysis

Descriptive statistics were computed to describe the patient sample included in the
study. An independent samples t-test for the difference of means of continuous variables or
Mann-Whitney’s U test for non-parametric variables was performed to compare baseline
characteristics between groups in terms of mood, function, pain intensity, and sleep. In
order to address the main hypothesis, binary logistic regression analysis was performed to
compare the number of patients prescribed different drug treatments (dependent variable)
between the QST /CPM evaluation group (“QST group”) and standard treatment group
(independent variable). The results were reported for pooled data, by diagnosis category,
and by QST /CPM results. Finally, plots of Kaplan—Meier estimates with log-rank tests were
produced to compare the duration of treatment of patients (time between first ambulatory
visit and completion of treatment). Reasons for missing data included transfer to another
specialty, transfer to adult care on their 18th birthday, or loss to follow-up. In those cases,
the data were entered as “censored” in the Kaplan-Meier model and log-rank test. The
significance level was established at 0.05. Bonferroni corrections for multiple comparisons
were applied where appropriate. Statistics were performed using IBM SPSS Statistics for
Windows, Version 24.0. Armonk, NY, USA: IBM Corp.

3. Results
3.1. Clinical Characteristics

A total of 208 female patients between the ages of 9 and 17 years were included
in the analysis. One hundred and eight patients had a chronic primary pain diagnosis
(50% in the standard control group and 51% in QST /CPM group), and 100 had a chronic
secondary pain diagnosis. There were no differences between the QST/CPM group
(n =106) and the standard treatment group (n = 102) with regard to age, diagnosis, pain
intensity, sleep quality, function, and mood at baseline (Table 2). The patients had a wide
variety of diagnoses, including inflammatory diseases such as Elher Danlos syndrome
and juvenile arthritis, chronic migraines, post-traumatic and postsurgical pain, complex
regional pain syndrome, widespread chronic pain, and amplified musculoskeletal pain
syndrome. The most common diagnosis was chronic back pain. At baseline, 77% of the
patients experienced moderate to severe physical disability measured with FDI, and 89%
experienced poor sleep quality evaluated with the PSQI questionnaire. The great majority
of patients (98%) received physiotherapy and cognitive behavioral therapy (85%) with no
difference between groups.

Table 2. Patients’ characteristics at baseline (n = 208).

Standard n = 102 QST/CPM n =106
p-Value
Mean SD Mean SD
Age 14.7 22 14.5 22 0.48
FDI 204 10.9 22.7 11.6 0.15
PSQI 9.1 3.8 9.3 44 0.80
RCADS General anxiety 43.8 9.6 45.3 11.4 0.31
RCADS Depression 55.0 13.6 53.0 16.0 0.36
Pain (0-10 VAS) 5.2 2.1 5.5 1.9 0.28

The availability of the QST/CPM testing results was based on the availability of the
testing room and technician at the time of the appointment, which can be considered
overall as a random factor. All patients who completed QST/CPM evaluation had complete
QST /CPM results available, with no patient dropping out because of intolerance to pain.
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Among patients in the QST /CPM group, 65% presented with dynamic mechanical allodynia
and/or temporal summation (phenotype A), 61% presented with sub-threshold pressure
pain sensitivity (phenotype B), and 55% had a suboptimal or inefficient endogenous pain
modulation (phenotype C). A total of 26% presented with all three abnormal sensory
processing phenotypes (Figure 1).

Phenotype B

Phenotype C

Figure 1. Distribution of QST and CPM phenotypes (1 = 106). Phenotype A, Presence of allodynia
and/or temporal summation; Phenotype B, presence of pressure pain sensitivity; Phenotype C, CPM
inefficient or suboptimal endogenous inhibitory pain response. Only 5 patients had none of the pain
phenotypes present (results within normal limits).

3.2. Primary Outcome Measures

There were significant differences in the number and type of medications prescribed
when patients were tested with the QST/CPM compared with patients without testing.
Patients in the QST /CPM group received fewer opioids, fewer anticonvulsants, and more
frequently other drugs (including mainly magnesium supplements 25%, melatonin sup-
plements 25%, oral clonidine 13%, and topical non-NSAID creams 19%). Patients in the
QST /CPM group also tended to receive less interventional treatments (Figure 2).

Patients in the QST/CPM group were prescribed a smaller number of medications.
Patients from the standard group were prescribed on average 1.4 medications, whereas
QST /CPM patients were prescribed on average 0.9 medications (p < 0.001). Patients with
an efficient endogenous pain inhibitory response were prescribed fewer antidepressants
(2% vs. 18%; p = 0.011); however, after Bonferroni correction for multiple comparisons
(significance level of 0.008), this result was not significant. Patients with a positive sign
of allodynia and/or temporal summation were prescribed fewer NSAIDs (57% vs. 78%;
p = 0.042); however, after Bonferroni correction (significance level of 0.008), this result was
not significant (Figure 3).
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Figure 2. Medical treatment prescribed at the initial visit for the overall sample, comparing patients
with standard assessment and QST/CPM assessment. * p < 0.008, using Bonferroni correction. Odds
ratios (OR) are described.

A Antidepressants B NSAIDS
p=0.011 p=0.042
801 _— 80- —
604
% 401
20+
J I
. CPM CFM Allodynia Negative
inefficient optimal and/or TS
/suboptimal
|[oR Exp(B) = 14.65 (1.85; 116.27)| [OR Exp(B) = 0.38 (0.15; 0.97) |

Figure 3. Comparison of medical treatment prescribed at the initial visit specific to QST/CPM
recommendations. (A) The proportion of patients with a prescription for antidepressants was
greater among those with an inefficient or suboptimal endogenous inhibitory pain response; (B) The
proportion of patients with a prescription of NSAIDs was smaller among those who showed positive
signs of allodynia and/or temporal summation (TS). Odds ratios (OR) are described.

3.3. Secondary Outcome Measures

Among patients with chronic primary pain, there was no significant difference between
the two groups in the prescription of antidepressants, NSAIDs, opioids, anticonvulsants,
and interventional treatment (Figure 4A). However, the clinical team prescribed more other
drugs when QST /CPM results were available. Patients with chronic secondary pain were
prescribed fewer opioids and anticonvulsants and tended to receive fewer interventional
procedures when the QST /CPM results were available. Like primary pain patients, they
received more other drugs. There were no significant differences in the prescription of
antidepressants and NSAIDs in patients with chronic secondary pain (Figure 4B).
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Figure 4. Medical treatment prescribed at the initial visit by chronic pain category and QST group.
(A) Chronic primary pain diagnosis (chronic primary widespread pain, chronic regional pain syn-
drome, chronic primary visceral pain, chronic primary musculoskeletal pain, chronic primary
headache, and orofacial pain); (B) Chronic secondary pain diagnosis (chronic secondary muscu-
loskeletal pain, chronic neuropathic pain, chronic postsurgical and post-traumatic pain, chronic
secondary headache, and orofacial pain). * p < 0.008, using Bonferroni correction. Odds ratios (OR)

are described.

There was no significant difference in duration of treatment between the QST/CPM
and standard assessment control group, regardless of diagnosis (Figure 5). Overall, 76% of
patients completed their treatment, reporting NRS < 3/10, without taking pain medication
and having normal physical functioning and normal school attendance. More than 60% of
patients spent less than one year in the program (mean treatment duration = 257 days, 95%
CI [223 to 291], median = 213 days). Patients entering the clinic between 9 and 14 years old
appeared to have completed treatment faster than older patients (15-17 years old) on the
Kaplan—-Meier plot; however, by using a Bonferroni correction for multiple comparisons
on the log-rank test, this result was found to be not significant (p = 0.025). Twenty-five
individuals were censored (i.e., considered “missing data”) from the treatment duration
model because they had left the clinic due to a transfer to adult care on their 18th birthday
(n = 15), transferred to another specialty (1 = 3), or loss to follow-up (n = 7).
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Figure 5. Kaplan—-Meier plots of the duration of treatment of patients at the clinic expressed in days.
Patients who left the clinic due to other reasons than discharge were censored. Such reasons may
include transfer to another specialty (e.g., surgery, psychiatry), loss of follow-up, or transfer to adult
treatment when patients reached 18 years old. (A) Overall comparison of patients with standard
assessment and QST/CPM assessment (n.s.); (B) Comparison of younger patients (9-14 years old) and
older patients (15-17 years old), (p = 0.025); (C) Comparison of patients with standard assessment and
QST/CPM among patients with primary pain diagnosis (n.s.); (D) Secondary chronic pain diagnosis
(n.s.). Using a Bonferroni correction for multiple comparisons (significance level of p = 0.125), none of
the results were significant. However, in panel B, there appears to be a trend for younger patients to
complete treatment more rapidly than older patients.

The efficacy and side effects of each treatment were not assessed in this retrospective
chart review. If at follow-up, a patient reported no improvement in pain or significant
side effects, the clinical team offered an alternative treatment and continued offering
individualized care to each patient, including psychotherapy and physiotherapy:.

4. Discussion

In this study, we examined the effect of using an exhaustive pain phenotyping protocol
based on mechanical and thermal QST and a CPM evaluation in an interdisciplinary
center for complex pain. A single physician was in charge of the medical treatment of the
patients included in this study, along with four rotating fellows under his supervision, thus
limiting differences in physician preferences of treatment modalities. When QST/CPM
evaluations were available, the physicians prescribed less opioids and other medications
and tended to perform fewer interventional procedures, especially among patients with
chronic secondary pain. Overall, the use of the QST/CPM evaluations did not change the
length of the treatment.

Patients who demonstrated an efficient endogenous pain inhibitory control tended to
be prescribed fewer antidepressants. Moreover, patients with dynamic mechanical allody-
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nia and/or temporal summation tended to be prescribed fewer NSAIDs. The clinicians in
this study followed treatment protocols based on previous studies and recommendations
for the treatment of adults and children [19,34,35,38-50]. Longitudinal studies are needed
to evaluate the efficacy and safety of the pharmacological treatments used in adolescents
and children with chronic pain conditions.

Eccleston and colleagues stated that “given the widespread use of off-license prescrib-
ing in pediatric pain medicine and the absence of data concerning pain and its management,
we need to focus on benefits of drugs as well as harms and harm reduction” [6]. Our mecha-
nistic treatment protocol based on the QST/CPM analysis was associated with a meaningful
reduction in the number of prescribed medications (0.5 medications per patient) and the
use of interventional treatments. However, the proportion of patients with minimal or no
pain, not taking pain medication, and reporting normal physical functioning leaving the
clinic and the duration of treatment for the patients were similar between groups. Future
randomized and longitudinal studies should evaluate the potential influence of QST/CPM
evaluations on harm reduction.

A trend was observed where children between 7 and 14 years old seemed to recover
faster compared with those between 15 and 18 years. This might be explained by the
temporality of the progression of chronic pain conditions. Individuals who suffer from
pain for a prolonged period without treatment may experience long-term neuroadaptations
that further promote pain and disability [2,29,52].

Female individuals represented over 83% of the patients in the clinic, which is reflective
of the higher prevalence of chronic pain conditions in females in the population [1]. Due
to sex differences in pain experiences [53] and the few male patients with QST/CPM
evaluation in the database for sex-specific analysis, the current analysis included female
patients only.

The present study presented limitations. The study consisted of a retrospective anal-
ysis of female patients at a single institution, and it is uncertain how generalizable the
current results are. Future multicenter randomized studies should evaluate the weight of
QST/CPM evaluations in the efficacy of treatments and in the prevention of the disability
associated with complex pain conditions. The pharmacological and interventional treat-
ments are only a part of the different therapeutic options offered within an interdisciplinary
program. As part of a comprehensive multidimensional pain treatment program, it is
not easy to interpret the weight of potential benefits of individual therapies. However,
a meaningful reduction in the number of medications prescribed was observed after the
implementation of the QST /CPM evaluations, which is considered a positive effect due to
the reduction in polypharmacy. Side effects were not analyzed specifically in this study.
The QST /CPM protocol was performed on appointment, without regard to pain episodes.
This means patients may have received the QST/CPM evaluation during a period when
their pain was less intense or more intense.

Although we found some encouraging results in our study, the use of a comprehensive
QST/CPM protocol remains complex and increases the costs of the consultations. Moreover,
pain phenotyping protocols need to be simplified to be used in daily clinical practice. The
QST/CPM protocol used in this study required between 75 and 90 min to complete and
document. This research group is working on the creation of a simplified version for
future studies.

5. Conclusions

The sensory assessment may guide clinicians in selecting different treatment options
for their patients. A mechanistic approach may reduce the use of potentially unnecessary
treatments without affecting the clinical outcomes of children with complex pain conditions.

Author Contributions: Conceptualization, A.B., C.E.F. and PI.; methodology, A.B., C.E.F. and PI;
formal analysis, A.B. and R.P.-M.-C.; resources, C.E.F. and PI.; data curation, A.B., M.S. and N.M.;
writing—original draft preparation, A.B.; writing—review and editing, A.B.,, CE.F, RP-M.-C,,
M.S.,N.M., M.C,, J.A.O. and P.L; visualization, A.B.; supervision, P.I; project administration, A.B.;



Children 2022, 9, 1157 12 of 14

funding acquisition, C.E.F. and PI. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by an unrestricted grant from the Montreal Children’s Hospital
Foundation, the Louise and Alan Edwards Foundation, and the Pathy Family Foundation.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the McGill University Health Center (MUHC) Research Ethics Board’s
Pedjiatric panel (REB2019-4670).

Informed Consent Statement: Patient consent was waived due to the study protocol being a retro-
spective chart review.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We would like to thank the patients of the Montreal Children’s Hospital and
their families. We would also like to thank the Montreal Children’s Hospital Foundation, the Louise
and Alan Edwards Foundation, and the Pathy Family Foundation for their unconditioned support.
We would also like to address the significant contribution of the McGill Scoliosis ans Spinal Research
team as well as Ferland and her research team: Strategies in Pain INtervention and Evaluation.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. King, S.; Chambers, C.T.; Huguet, A.; MacNevin, R.C.; McGrath, PJ.; Parker, L.; Macdonald, A.J. The epidemiology of chronic
pain in children and adolescents revisited: A systematic review. Pain 2011, 152, 2729-2738. [CrossRef] [PubMed]

2. Murray, C.B.; Groenewald, C.B.; de la Vega, R.; Palermo, T.M. Long-term impact of adolescent chronic pain on young adult
educa-tional, vocational, and social outcomes. Pain 2020, 161, 439—445. [CrossRef]

3. Perquin, C.W.; Hazebroek-Kampschreur, A.A.; Hunfeld, J.A.; Bohnen, A.M.; van Suijlekom-Smit, L.W.; Passchier, J.;
van der Wouden, J.C. Pain in children and adolescents: A common experience. Pain 2000, 87, 51-58. [CrossRef]

4. Huguet, A.; Mir¢, J. The Severity of Chronic Pediatric Pain: An Epidemiological Study. J. Pain 2008, 9, 226-236. [CrossRef]
[PubMed]

5. Vega, E.; Beaulieu, Y.; Gauvin, R.; Ferland, C.; Stabile, S.; Pitt, R.; Cardenas, V.H.G.; Ingelmo, P. Chronic non-cancer pain in
children: We have a problem, but also solutions. Minerva Anestesiol. 2018, 84, 1081-1092. [CrossRef] [PubMed]

6. Eccleston, C.; Fisher, E.; Cooper, T.E.; Grégoire, M.-C.; Heathcote, L.; Krane, E.; Lord, S.M.; Sethna, N.F,; Anderson, A.-K,;
Anderson, B.; et al. Pharmacological interventions for chronic pain in children: An overview of systematic reviews. Pain 2019,
160, 1698-1707. [CrossRef]

7. Treede, R.-D.; Rief, W,; Barke, A.; Aziz, Q.; Bennett, M.L,; Benoliel, R.; Cohen, M.; Evers, S.; Finnerup, N.B.; First, M.B.; et al.
Chronic pain as a symptom or a disease: The IASP Classification of Chronic Pain for the International Classification of Diseases
(ICD-11). Pain 2019, 160, 19-27. [CrossRef]

8. Landry, B.W.; Fischer, P.R.; Driscoll, S.W.; Koch, K.M.; Harbeck-Weber, C.; Mack, K.J.; Wilder, R.T; Bauer, B.A.; Brandenburg, J.E.
Managing Chronic Pain in Children and Adolescents: A Clinical Review. PM&R 2015, 7, S295-5315. [CrossRef]

9.  Cruz-Almeida, Y;; Fillingim, R.B. Can Quantitative Sensory Testing Move Us Closer to Mechanism-Based Pain Management?
Pain Med. 2014, 15, 61-72. [CrossRef]

10. Miicke, M.; Cuhls, H.; Radbruch, L.; Baron, R.; Maier, C.; Tolle, T.; Treede, R.-D.; Rolke, R. Quantitative sensory testing (QST).
English version. Der Schmerz 2016, 35, 153-160. [CrossRef]

11. Teles, A.R.; Ocay, D.D.; Bin Shebreen, A.; Tice, A.; Saran, N.; Ouellet, ].A.; Ferland, C.E. Evidence of impaired pain modulation in
adolescents with idiopathic scoliosis and chronic back pain. Spine J. 2018, 19, 677-686. [CrossRef]

12.  Verriotis, M.; Peters, J.; Sorger, C.; Walker, S.M. Phenotyping peripheral neuropathic pain in male and female adolescents: Pain
descriptors, somatosensory profiles, conditioned pain modulation, and child—parent reported disability. Pain 2020, 162, 1732-1748.
[CrossRef] [PubMed]

13. Sethna, N.F; Meier, PM.; Zurakowski, D.; Berde, C.B. Cutaneous sensory abnormalities in children and adolescents with complex
regional pain syndromes. Pain 2007, 131, 153-161. [CrossRef] [PubMed]

14. Tham, S.W.; Palermo, T.M.; Holley, A.L.; Zhou, C.; Stubhaug, A.; Furberg, A.-S.; Nielsen, C.S. A population-based study of
quantitative sensory testing in adolescents with and without chronic pain. Pain 2016, 157, 2807-2815. [CrossRef] [PubMed]

15. Blankenburg, M.; Boekens, H.; Hechler, T.; Maier, C.; Krumova, E.; Scherens, A.; Magerl, W.; Aksu, F.; Zernikow, B. Reference
values for quantitative sensory testing in children and adolescents: Developmental and gender differences of somatosensory
perception. Pain 2010, 149, 76-88. [CrossRef] [PubMed]

16. Hirschfeld, G.; Zernikow, B.; Kraemer, N.; Hechler, T.; Aksu, F; Krumova, E.; Maier, C.; Magerl, W.; Blankenburg, M. Development

of Somatosensory Perception in Children: A Longitudinal QST-Study. Neuropediatrics 2012, 43, 010-016. [CrossRef]


http://doi.org/10.1016/j.pain.2011.07.016
http://www.ncbi.nlm.nih.gov/pubmed/22078064
http://doi.org/10.1097/j.pain.0000000000001732
http://doi.org/10.1016/S0304-3959(00)00269-4
http://doi.org/10.1016/j.jpain.2007.10.015
http://www.ncbi.nlm.nih.gov/pubmed/18088558
http://doi.org/10.23736/S0375-9393.18.12367-4
http://www.ncbi.nlm.nih.gov/pubmed/29745621
http://doi.org/10.1097/j.pain.0000000000001609
http://doi.org/10.1097/j.pain.0000000000001384
http://doi.org/10.1016/j.pmrj.2015.09.006
http://doi.org/10.1111/pme.12230
http://doi.org/10.1007/s00482-015-0093-2
http://doi.org/10.1016/j.spinee.2018.10.009
http://doi.org/10.1097/j.pain.0000000000002172
http://www.ncbi.nlm.nih.gov/pubmed/33394878
http://doi.org/10.1016/j.pain.2006.12.028
http://www.ncbi.nlm.nih.gov/pubmed/17329025
http://doi.org/10.1097/j.pain.0000000000000716
http://www.ncbi.nlm.nih.gov/pubmed/27780176
http://doi.org/10.1016/j.pain.2010.01.011
http://www.ncbi.nlm.nih.gov/pubmed/20138430
http://doi.org/10.1055/s-0032-1307450

Children 2022, 9, 1157 13 of 14

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.
38.

39.

40.

41.
42.

43.

44.

45.

Lewandowski Holley, A.; Wilson, A.C.; Cho, E.; Palermo, T.M. Clinical Phenotyping of Youth With New-Onset Musculoskeletal
Pain: A Controlled Cohort Study. Clin. J. Pain 2017, 33, 28-36. [CrossRef]

Petersen, K.K.; Vaegter, H.B.; Stubhaug, A.; Wolff, A.; Scammell, B.E.; Arendt-Nielsen, L.; Larsen, D.B. The predictive value of
quantitative sensory testing: A systematic review on chronic postoperative pain and the analgesic effect of pharmacological
therapies in patients with chronic pain. Pain 2020, 162, 31-44. [CrossRef]

Grosen, K,; Fischer, LW.,; Olesen, A.E.; Drewes, A.M. Can quantitative sensory testing predict responses to analgesic treatment?
Eur. J. Pain 2013, 17, 1267-1280. [CrossRef]

Buysse, D.J.; Reynolds, C.E, 3rd; Monk, T.H.; Berman, S.R.; Kupfer, D.]J. The Pittsburgh Sleep Quality Index: A new instrument
for psychiatric practice and research. Psychiatry Res. 1989, 28, 193-213. [CrossRef]

Walker, L.S.; Greene, ] W. The Functional Disability Inventory: Measuring a Neglected Dimension of Child Health Status. J. Pediatr.
Psychol. 1991, 16, 39-58. [CrossRef]

Kashikar-Zuck, S.; Flowers, S.R.; Claar, R.L.; Guite, ].W.; Logan, D.E.; Lynch-Jordan, A.M.; Palermo, T.M.; Wilson, A.C. Clinical
utility and validity of the Functional Disability Inventory (FDI) among a multicenter sample of youth with chronic pain. Pain
2011, 152, 1600-1607. [CrossRef] [PubMed]

Piqueras, J.A.; Martin-Vivar, M.; Sandin, B.; Luis, C.S.; Pineda-Sanchez, D. The Revised Child Anxiety and Depression Scale:
A systematic review and reliability generalization meta-analysis. J. Affect. Disord. 2017, 218, 153-169. [CrossRef] [PubMed]
Ferland, C.E.; Villemure, C.; Michon, P-E.; Gandhi, W.; Ma, M.-L.; Chouchou, F; Parent, A.J.; Bushnell, M.C.; Lavigne, G;
Rainville, P; et al. Multicenter assessment of quantitative sensory testing (QST) for the de-tection of neuropathic-like pain
responses using the topical capsaicin model. Can. J. Pain 2018, 2, 266-279. [CrossRef] [PubMed]

Tousignant-Laflamme, Y.; Pagé, S.; Goffaux, P.; Marchand, S. An experimental model to measure excitatory and inhibitory pain
mechanisms in humans. Brain Res. 2008, 1230, 73-79. [CrossRef] [PubMed]

Potvin, S.; Marchand, S. Pain facilitation and pain inhibition during conditioned pain modulation in fibromyalgia and in healthy
controls. Pain 2016, 157, 1704-1710. [CrossRef] [PubMed]

International Association for the Study of Pain (IASP) Pain Terminology. Available online: https://www.iasp-pain.org/resources/
terminology/ (accessed on 6 December 2021).

Sandkiihler, J. Models and Mechanisms of Hyperalgesia and Allodynia. Physiol. Rev. 2009, 89, 707-758. [CrossRef]

Woolf, C.J. Central sensitization: Implications for the diagnosis and treatment of pain. Pain 2011, 152, 52-515. [CrossRef]
Dworkin, RH.; Turk, D.C.; Wyrwich, K.W.; Beaton, D.; Cleeland, C.S.; Farrar, ].T.; Haythornthwaite, J.A.; Jensen, M.P; Kerns, R.D.;
Ader, D.N,; et al. Interpreting the Clinical Importance of Treatment Outcomes in Chronic Pain Clinical Trials: IMMPACT
Recommendations. J. Pain 2008, 9, 105-121. [CrossRef] [PubMed]

Price, D.D,; Staud, R.; Robinson, M.E.; Mauderli, A.P.; Cannon, R.; Vierck, C.J. Enhanced temporal summation of second pain and
its central modulation in fibromyalgia patients. Pain 2002, 99, 49-59. [CrossRef]

Staud, R.; Vierck, C.J.; Robinson, M.E.; Price, D.D. Effects of the N-Methyl-D-Aspartate Receptor Antagonist Dextromethorphan
on Temporal Summation of Pain are Similar in Fibromyalgia Patients and Normal Control Subjects. J. Pain 2005, 6, 323-332.
[CrossRef] [PubMed]

Goffaux, P; Lafrenaye, S.; Morin, M.; Patural, H.; Demers, G.; Marchand, S. Preterm births: Can neonatal pain alter the
development of endogenous gating systems? Eur. |. Pain 2008, 12, 945-951. [CrossRef] [PubMed]

Yarnitsky, D. Role of endogenous pain modulation in chronic pain mechanisms and treatment. Pain 2015, 156, S24-S31. [CrossRef]
Lunn, M.P,; Hughes, R.A.; Wiffen, PJ. Duloxetine for treating painful neuropathy, chronic pain or fibromyalgia. Cochrane Database
Syst. Rev. 2014, 1, Cd007115. [CrossRef] [PubMed]

Schweinhardt, P.; Bushnell, M.C. Pain imaging in health and disease—How far have we come? |. Clin. Investig. 2010, 120,
3788-3797. [CrossRef]

Nir, R.R.; Yarnitsky, D. Conditioned pain modulation. Curr. Opin. Support Palliat. Care 2015, 9, 131-137. [CrossRef]

Beydoun, A.; Backonja, M.-M. Mechanistic Stratification of Antineuralgic Agents. . Pain Symptom Manag. 2003, 25, S18-S30.
[CrossRef]

Dooley, D.].; Taylor, C.P; Donevan, S.; Feltner, D. Ca?* channel alpha2delta ligands: Novel modulators of neurotransmission.
Trends Pharmacol. Sci. 2007, 28, 75-82. [CrossRef]

Taylor, A.P.; Adelman, ].U.; Freeman, M.C. Efficacy of Duloxetine as a Migraine Preventive Medication: Possible Predictors of
Response in a Retrospective Chart Review. Headache J. Head Face Pain 2007, 47, 1200-1203. [CrossRef]

Merskey, H.; Hester, R.A. The treatment of chronic pain with psychotropic drugs. Postgrad. Med |. 1972, 48, 594-598. [CrossRef]
Lavand’homme, PM.; Ma, W.; De Kock, M.; Eisenach, J.C. Perineural «2A-Adrenoceptor Activation Inhibits Spinal Cord
Neuroplasticity and Tactile Allodynia after Nerve Injury. Anesthesiology 2002, 97, 972-980. [CrossRef] [PubMed]

Olesen, S.S.; Graversen, C.; Bouwense, S.A.W.; Van Goor, H.; Wilder-Smith, O.H.G.; Drewes, A. Quantitative Sensory Testing
Predicts Pregabalin Efficacy in Painful Chronic Pancreatitis. PLoS ONE 2013, 8, e57963. [CrossRef]

Yarnitsky, D.; Granot, M.; Nahman-Averbuch, H.; Khamaisi, M.; Granovsky, Y. Conditioned pain modulation predicts duloxetine
efficacy in painful diabetic neuropathy. Pain 2012, 153, 1193-1198. [CrossRef] [PubMed]

Eccleston, C.; Cooper, T.E,; Fisher, E.; Anderson, B.; Wilkinson, N.M.R. Non-steroidal anti-inflammatory drugs (NSAIDs) for
chronic non-cancer pain in children and adolescents. Cochrane Database Syst. Rev. 2017, 8, CD012537. [CrossRef] [PubMed]


http://doi.org/10.1097/AJP.0000000000000371
http://doi.org/10.1097/j.pain.0000000000002019
http://doi.org/10.1002/j.1532-2149.2013.00330.x
http://doi.org/10.1016/0165-1781(89)90047-4
http://doi.org/10.1093/jpepsy/16.1.39
http://doi.org/10.1016/j.pain.2011.02.050
http://www.ncbi.nlm.nih.gov/pubmed/21458162
http://doi.org/10.1016/j.jad.2017.04.022
http://www.ncbi.nlm.nih.gov/pubmed/28475961
http://doi.org/10.1080/24740527.2018.1525682
http://www.ncbi.nlm.nih.gov/pubmed/35005384
http://doi.org/10.1016/j.brainres.2008.06.120
http://www.ncbi.nlm.nih.gov/pubmed/18652808
http://doi.org/10.1097/j.pain.0000000000000573
http://www.ncbi.nlm.nih.gov/pubmed/27045524
https://www.iasp-pain.org/resources/terminology/
https://www.iasp-pain.org/resources/terminology/
http://doi.org/10.1152/physrev.00025.2008
http://doi.org/10.1016/j.pain.2010.09.030
http://doi.org/10.1016/j.jpain.2007.09.005
http://www.ncbi.nlm.nih.gov/pubmed/18055266
http://doi.org/10.1016/S0304-3959(02)00053-2
http://doi.org/10.1016/j.jpain.2005.01.357
http://www.ncbi.nlm.nih.gov/pubmed/15890634
http://doi.org/10.1016/j.ejpain.2008.01.003
http://www.ncbi.nlm.nih.gov/pubmed/18308597
http://doi.org/10.1097/01.j.pain.0000460343.46847.58
http://doi.org/10.1002/14651858.CD007115.pub3
http://www.ncbi.nlm.nih.gov/pubmed/24385423
http://doi.org/10.1172/JCI43498
http://doi.org/10.1097/SPC.0000000000000126
http://doi.org/10.1016/S0885-3924(03)00066-6
http://doi.org/10.1016/j.tips.2006.12.006
http://doi.org/10.1111/j.1526-4610.2007.00886.x
http://doi.org/10.1136/pgmj.48.564.594
http://doi.org/10.1097/00000542-200210000-00033
http://www.ncbi.nlm.nih.gov/pubmed/12357167
http://doi.org/10.1371/journal.pone.0057963
http://doi.org/10.1016/j.pain.2012.02.021
http://www.ncbi.nlm.nih.gov/pubmed/22480803
http://doi.org/10.1002/14651858.cd012537.pub2
http://www.ncbi.nlm.nih.gov/pubmed/28770976

Children 2022, 9, 1157 14 of 14

46.

47.

48.

49.

50.

51.

52.

53.

Arnold, L.M.; Schikler, K.N.; Bateman, L.; Khan, T.; Pauer, L.; Bhadra-Brown, P,; Clair, A.; Clair, M.L.; Scavone, J. Safety and
efficacy of pregabalin in adolescents with fibromyalgia: A randomized, double-blind, placebo-controlled trial and a 6-month
open-label extension study. Pediatr. Rheumatol. Online |. 2016, 14, 46. [CrossRef]

Cooper, T.E.; Wiffen, PJ.; Heathcote, L.; Clinch, J.; Howard, R.; Krane, E.; Lord, S.M.; Sethna, N.; Schechter, N.; Wood, C.
Antiepileptic drugs for chronic non-cancer pain in children and adolescents. Cochrane Database Syst. Rev. 2017, 8§, CD012536.
[CrossRef]

Hiroki, T.; Suto, T.; Saito, S.; Obata, H. Repeated Administration of Amitriptyline in Neuropathic Pain: Modulation of the
Noradrenergic Descending Inhibitory System. Anesth. Analg. 2017, 125, 1281-1288. [CrossRef]

Bahar, R.J.; Collins, B.S.; Steinmetz, B.; Ament, M.E. Double-blind placebo-controlled trial of amitriptyline for the treatment of
irritable bowel syndrome in adolescents. J. Pediatr. 2008, 152, 685-689. [CrossRef]

Saps, M.; Youssef, N.; Miranda, A.; Nurko, S.; Hyman, P; Cogjin, J.; Di Lorenzo, C. Multicenter, randomized, placebo-controlled
trial of amitriptyline in children with functional gastrointestinal disorders. Gastroenterology 2009, 137, 1261-1269. [CrossRef]
Vega, E.; Rivera, G.; Echevarria, G.C.; Prylutskyy, Z.; Perez, J.; Ingelmo, P. Interventional procedures in children and adolescents
with chronic non-cancer pain as part of a multidisciplinary pain treatment program. Pediatr. Anesthesia 2018, 28, 999-1006.
[CrossRef]

Lynch, M.E.; Campbell, F,; Clark, A.J.; Dunbar, M.].; Dunbar, D.; Peng, P,; Stinson, J.; Tupper, H. A systematic review of the effect
of waiting for treatment for chronic pain. Pain 2008, 136, 97-116. [CrossRef] [PubMed]

Mogil, ].S. Sources of Individual Differences in Pain. Annu. Rev. Neurosci. 2021, 44, 1-25. [CrossRef] [PubMed]


http://doi.org/10.1186/s12969-016-0106-4
http://doi.org/10.1002/14651858.CD012536.pub2
http://doi.org/10.1213/ANE.0000000000002352
http://doi.org/10.1016/j.jpeds.2007.10.012
http://doi.org/10.1053/j.gastro.2009.06.060
http://doi.org/10.1111/pan.13494
http://doi.org/10.1016/j.pain.2007.06.018
http://www.ncbi.nlm.nih.gov/pubmed/17707589
http://doi.org/10.1146/annurev-neuro-092820-105941
http://www.ncbi.nlm.nih.gov/pubmed/34236890

	Introduction 
	Materials and Methods 
	Patients 
	Interdisciplinary Evaluation (Standard of Care) 
	QST/CPM Evaluation Protocol 
	Proposed Treatments 
	Primary Endpoint 
	Secondary Outcome Measures 
	Statistical Analysis 

	Results 
	Clinical Characteristics 
	Primary Outcome Measures 
	Secondary Outcome Measures 

	Discussion 
	Conclusions 
	References

