
Citation: Arribas-Romano, A.;

Fernández-Carnero, J.; González-

Zamorano, Y.; Rodríguez-Lagos, L.;

Alguacil-Diego, I.M.; Molina-Álvarez,

M.; Tejera, D.M.; Mercado-Romero, F.

Manual Therapy Effects on

Nonspecific Neck Pain Are Not

Mediated by Mechanisms Related to

Conditioned Pain Modulation: A

Randomized Clinical Trial. J. Clin.

Med. 2023, 12, 3894. https://

doi.org/10.3390/jcm12123894

Academic Editor: Dana Copot

Received: 8 May 2023

Revised: 31 May 2023

Accepted: 2 June 2023

Published: 7 June 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Clinical Medicine

Article

Manual Therapy Effects on Nonspecific Neck Pain Are Not
Mediated by Mechanisms Related to Conditioned Pain
Modulation: A Randomized Clinical Trial
Alberto Arribas-Romano 1,2,3 , Josué Fernández-Carnero 2,3,4,5,* , Yeray González-Zamorano 1,2,3,6,
Leonardo Rodríguez-Lagos 1,2 , Isabel María Alguacil-Diego 3,7 , Miguel Molina-Álvarez 1,2,8 ,
David Morales Tejera 1,2,9,10,11 and Francisco Mercado-Romero 2,12

1 Escuela Internacional de Doctorado, Department of Physical Therapy, Occupational Therapy,
Rehabilitation and Physical Medicine, Rey Juan Carlos University, 28922 Madrid, Spain;
alberto.arribas@urjc.es (A.A.-R.); yeray.gonzalez@urjc.es (Y.G.-Z.); rodriguez.lirl@gmail.com (L.R.-L.);
miguel.molina@urjc.es (M.M.-Á.); david.morales.tejera@urjc.es (D.M.T.)

2 Cognitive Neuroscience, Pain, and Rehabilitation Research Group (NECODOR), Faculty of Health Sciences,
Rey Juan Carlos University, 28922 Madrid, Spain; francisco.mercado@urjc.es

3 Department of Physical Therapy, Occupational Therapy, Rehabilitation and Physical Medicine,
Rey Juan Carlos University, 28922 Madrid, Spain; isabel.alguacil@urjc.es

4 Motion in Brains Research Group, Institute of Neuroscience and Sciences of the Movement (INCIMOV),
Centro Superior de Estudios Universitarios La Salle, 28023 Madrid, Spain

5 La Paz Hospital Institute for Health Research, IdiPAZ, 28029 Madrid, Spain
6 Grupo de Investigación en Neurorrehabilitación del Daño Cerebral y los Trastornos del

Movimiento (GINDAT), Facultad de Ciencias Experimentales, Universidad Francisco de Vitoria,
28223 Madrid, Spain

7 Motion Analysis, Ergonomics, Biomechanics and Motor Control Laboratory (LAMBECOM),
Department of Physical Therapy, Occupational Therapy, Rehabilitation and Physical Medicine,
Faculty of Health Sciences, Rey Juan Carlos University, 28922 Madrid, Spain

8 Area of Pharmacology, Nutrition and Bromatology, Department of Basic Health Sciences,
Rey Juan Carlos University, Unidad Asociada I+D+i Instituto de Química Médica (IQM) CSIC-URJC,
28922 Madrid, Spain

9 Area of Human Anatomy and Embriology, Department of Basic Health Sciences, Rey Juan Carlos University,
28922 Madrid, Spain

10 Department of Physiotherapy, Human Physiology and Anatomy, Faculty of Physical Education and
Physiotherapy, Vrije Universiteit Brussel, Laarbeeklaan 103, 1090 Brussels, Belgium

11 Pain in Motion Research Group (PAIN), Department of Physiotherapy, Human Physiology and Anatomy,
Faculty of Physical Education and Physiotherapy, Vrije Universiteit Brussel, 1090 Brussels, Belgium

12 Department of Psychology, Faculty of Health Sciences, Rey Juan Carlos University, 28922 Madrid, Spain
* Correspondence: josue.fernandez@urjc.es; Tel.: +34-914-88-89-49

Abstract: Background. Manual therapy (MT) is a treatment recommended by clinical practice
guidelines in the management of patients with neck pain. However, the mechanisms through which
MT works remain unknown. The aim of the present study is to investigate if MT is mediated by
mechanisms related to conditioned pain modulation (CPM), comparing the effects of painful with
a pain-free MT treatment. Methods. A two-arm, parallel, randomized controlled clinical trial with
concealed allocation and blinding of the outcome assessor was conducted in university students
with chronic or recurrent nonspecific neck pain (NSNP). Participants received either a painful or
pain-free MT session. Psychophysical variables including pressure pain thresholds, CPM, temporal
summation of pain and cold pain intensity were assessed before and immediately after treatment. In
addition, changes in neck pain intensity over the following 7 days and self-perceived improvement
immediately and 7 days after treatment were assessed. Results: No significant differences were found
between groups in any of the psychophysical variables or in patients’ self-perceived improvement.
Only a significantly greater decrease in neck pain intensity immediately after treatment was found in
the pain-free MT group compared to the painful MT group. Conclusion: The results suggest that the
immediate and short-term effects of MT on NSNP are not mediated by CPM-related mechanisms.

J. Clin. Med. 2023, 12, 3894. https://doi.org/10.3390/jcm12123894 https://www.mdpi.com/journal/jcm

https://doi.org/10.3390/jcm12123894
https://doi.org/10.3390/jcm12123894
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0003-4971-9780
https://orcid.org/0000-0002-1314-624X
https://orcid.org/0000-0003-4599-0039
https://orcid.org/0000-0002-2054-3622
https://orcid.org/0000-0002-3368-9962
https://doi.org/10.3390/jcm12123894
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm12123894?type=check_update&version=1


J. Clin. Med. 2023, 12, 3894 2 of 15

Keywords: manual therapy; conditioned pain modulation; central pain mechanism; neck pain

1. Introduction

Neck pain is a prevalent condition that causes significant pain, disability, and financial
burden [1,2]. Despite significant investment in research and treatment for neck pain, the
age-standardized point prevalence, annual incidence, and years lived with disability due
to neck pain have remained constant over the past three decades [2]. Furthermore, more
than 20% of patients with acute neck pain continue to experience recurrent episodes or
persistent pain [3]. Nonspecific neck pain (NSNP) is a common diagnosis for patients with
neck pain who lack pathoanatomical causes or associated trauma that could explain their
pain [4].

Manual therapy (MT) and exercise are the two most common used treatments by
physiotherapists for patients with neck pain [5]. Clinical practice guidelines recommend
integrating MT into the treatment protocol for neck pain patients [6–8]. However, the results
of studies evaluating the effectiveness of MT in treating neck pain are very heterogeneous,
making it difficult to draw clear conclusions [9–13]. It has been proposed that the individual
variability in treatment response may be responsible for this inconclusive evidence [14].
Different phenotypic presentations of pain with varying responses of pain mechanisms to
treatments can result in significant variation in effects between individuals [15]. Therefore,
MT decision-making based on individual pain mechanisms would help to move toward
precision medicine for managing neck pain. However, to reach this point, it is necessary to
understand the pain mechanisms through which MT works [14].

It has been postulated that MT’s mechanical stimulation leads to neurophysiologi-
cal responses in both the peripheral and central nervous system that are responsible for
pain inhibition [14,16]. These responses could potentially explain the effects of MT on
psychophysical test such as pain pressure thresholds (PPT), conditioned pain modulation
(CPM) and temporal pain summation (TSP) suggested by meta-analyses [17,18]. Neverthe-
less, the specific mechanisms involved in these inhibitory responses remain unclear.

CPM is a paradigm used in humans to evaluate the “pain inhibits pain” effect. Specifi-
cally, it assesses the changes in perceived pain intensity or pain threshold with a noxious
test stimulus applied heterotopically with a “conditioning” stimulus [19]. This is a proxy
measure for assessing diffuse noxious inhibitory controls (DNIC). DNIC evaluates the
inhibition of second-order wide dynamic range neurons by applying a noxious stimulus
outside the receptive field of the recorded neuron [20,21]. However, the contribution of
DNIC to the CPM paradigm remains unclear. Experts recommend using a sequential
CPM protocol (reevaluating the test stimulus after the conditioning stimulus to avoid
patient confusion) [22], and DNIC mechanisms are effective when both noxious stimuli
are present. It is therefore unclear whether the inhibitory effects observed in sequential
CPM assessments are due to residual DNIC effects or other mechanisms [23]. The same
effect could potentially be caused by MT. In other words, the patient’s pain would be the
first pain, and the second (conditioning) stimulus could be induced by some of the MT
techniques. Therefore, the immediate and short-term effects of MT may be mediated by
inhibitory mechanisms related to CPM. One study investigated this hypothesis in healthy
participants by comparing the effects on psychophysical variables between pain-inducing
versus pain-free manual pressure [24]. They found significant differences in the pressure
pain threshold (PPT), thermal pain threshold and CPM between those who received pain-
inducing manual pressure and those who received pain-free manual pressure. However,
to our knowledge, no study has evaluated this hypothesis in a pain population treated
with MT.

The inhibitory response generated by MT may depend on different aspects of individ-
ual patients such as the functional status of pronociceptive and antinociceptive mechanisms.
Wilson et al. [24] found that baseline CPM was associated with greater changes in PPT in



J. Clin. Med. 2023, 12, 3894 3 of 15

participants who received pain-inducing manual pressure. Another important aspect that
has been shown to influence inhibitory responses are expectations [25–27]. These have been
shown to be associated with the success of MT treatment in patients with neck pain [28].

Based on the information discussed above, the primary objective of the current study
is to investigate if the effects of MT on patients with chronic or recurrent NSNP pain
are mediated by CPM-related mechanisms. The study aimed to compare the effects of
pain-inducing MT treatment versus pain-free MT treatment on PPTs, CPM, TSP and cold
pain intensity. Additionally, the secondary objective was to evaluate any differences in the
immediate and short-term (up to 7 days) effects on intensity of neck pain and patient self-
perceived improvement. Finally, the study aimed to explore potential causes of variability
in results by analyzing associations between baseline CPM, baseline TSP, expectations, and
changes in PPTs, intensity of neck pain and self-perceived improvement in each treatment.

2. Materials and Methods
2.1. Design

A two-arm parallel randomized controlled clinical trial was conducted at the Fac-
ulty of Health Sciences of Rey Juan Carlos University. The study was approved by the
Ethics Committee of Rey Juan Carlos University under the protocol number: ENM 35/22
2803202210022 and registered in ClinicalTrials.gov with ID: NCT05680688. Participants
who met the inclusion criteria received an information sheet and were required to give
informed consent. One of the physiotherapists in charge of the intervention (Y.G.-Z) gen-
erated a sequence of random numbers with an allocation ratio of 1:1 with GraphPad
(www.ghaphpad.com). An external person concealed the allocation of patients in opaque
envelopes numbered with the patients’ codes. The evaluator who was blinded to the alloca-
tion (A.A.-R) recruited the participants. The physiotherapists performing the intervention
were the only persons authorized to open the envelope and they did so just before starting
the treatment.

2.2. Participants

Participants were recruited through emails, posters on social media and University
classroom presentations. The inclusion criteria were as follows: participants aged between
18 and 65 years, studying or interning at one of the universities in the community of Madrid
(Spain), suffering from NSNP (pain in the neck region that is not attributable to a known
specific cause such as herniated disc, myelopathy, fractures, spinal stenosis, neoplasm,
etc., nor associated with traumatic events such as whiplash) that started more than three
months ago and has persisted or has experienced two or more episodes with a mean pain
score ≥ 2 on the Numeric Pain Rating Scale (NPRS) (0–10 points) [29] in the last week; and
experienced pain on the day of measurement. Exclusion criteria were signs of radiculopathy
or neuropathic pain, neck surgery, inflammatory rheumatic, neurological, cardiorespiratory,
oncological, or psychiatric diseases, pregnancy and the inability to read and understand
Spanish for filling out questionnaires.

2.3. Treatment

A physiotherapist specialized in manual therapy for musculoskeletal disorders per-
formed one session of either painful or pain-free MT immediately after the baseline evalu-
ation, based on group allocation. Patients in the painful MT group received a treatment
that induced medium-intensity pain and were instructed to provide feedback every 15 s
indicating a pain level of approximately 5 out of 10 points of pain on the NPRS, where 0 is
no pain and 10 is the worst pain imaginable. If the pain level was not at 5, the therapist
adjusted the intensity of the treatment accordingly. Patients in the pain-free MT group
received pain-free treatment and had to report every 15 s whether the techniques were
causing any pain (0 out of 10 on NPRS). If any pain was being caused, the therapist was
responsible for reducing the intensity of the treatment.

www.ghaphpad.com
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The participants received thirty minutes of MT, which consisted of combined treatment
of various MT techniques. This approach has been shown to have a greater effect on PPTs
and pain reduction than using a single technique [30]. The following three techniques were
performed in both groups, which allowed for quick and easy modification of treatment
intensity to maintain the required pain intensity of the patient:

• Posteroanterior passive joint mobilization: The therapist placed the tip of their
thumbs on the posterior surface of the spinous process, previously evaluated as the
most painful, while gently resting the other fingers around the participant’s neck [31].
Oscillations were performed at a frequency of one oscillation per second for a total of
nine minutes, divided into three sets of three minutes, with a one-minute rest interval.

• Pressure: The therapist applied digital ischemic compression on the point with the
highest hyperalgesia [32] in each of the following regions: right upper trapezius, left
upper trapezius, right paravertebral muscles and left paravertebral muscles. The
pressure was maintained for one minute at each point.

• Massage: The therapist performed slow muscle fiber gliding techniques to control the
pain being caused. The upper trapezius muscles were targeted for three minutes each,
starting with the right side and then moving to the left, with passes from the acromion
to the occipital region. Another three minutes were dedicated to the paravertebral
musculature on each side, following the same order, with passes from the T1 vertebra
to the occipital region.

During the entire intervention, participants in both groups remained in a relaxed posi-
tion lying prone on the stretcher, with their cervical spine maintained in a neutral position.

2.4. Outcomes

All assessments were performed by an experienced physiotherapist in pain assess-
ment for research studies who was blinded to the group allocation of each participant.
Participants were instructed not to disclose their group allocation to the assessor during the
assessment process. James [33] and Bang [34] blinding indexes were generated to assess
whether or not satisfactory blinding of the assessor was maintained. For this purpose, at the
end of the post-treatment evaluation, the evaluator indicated which treatment he believed
the patient had received by indicating “painful MT”, “pain-free MT” or “don’t know”.

2.4.1. Demographic and Clinical Characteristics

At baseline, demographic information including sex, age, weight, height, pain dura-
tion, and the mean and worse pain intensities during the last week were collected (NPRS).
Additionally, the following questionnaires were used: Graded Chronic Pain Scale, to as-
sess the severity of chronic pain [35–37], Central Sensitization Inventory (CSI) to identify
symptoms related to central sensitization [38–40], Neck Disability Index to assess the
level of disability perceived by the patient as a consequence of the neck pain [41,42], Pain
Catastrophizing Scale (PCS) to assess catastrophizing cognitions and behaviors concerning
pain [43], Tampa Scale for Kinesiophobia (TSK) to assess the degree of fear of movement
and (re)injury [44,45], Beck Depression Inventory-II to assess depression [46–49], State Anx-
iety Inventory (STAI-S) to measure anxiety as a state [50–52], and Pain Anxiety Symptoms
Scale (PASS-20) to assess pain anxiety [53,54].

2.4.2. Psychophysical Variables

• Pressure Pain Thresholds (PPT)

PPTs were assessed at baseline and immediately after the intervention using a digital
algometer (Model FPX, Wagner instruments, Greenwich, CT, USA). Local PPTs were
assessed at the spinous process of C7 and bilaterally at the muscle belly of the trapezius
muscle (midpoint between C7 and the acromion). Remote PPTs were evaluated bilaterally
at the extensor carpi ulnaris and tibialis anterior. Participants were instructed to indicate
when the pressure sensation became painful by saying “stop”. The algometer pressure
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for the evaluation was gradually increased at a rate of 1 kg/second. Data were collected
in kg/cm2. The assessments of the points followed the order from top to bottom and
right to left. This sequence was repeated, and the mean value of both measurements was
calculated for each point. The mean between both sides at the bilateral points was used
for the analysis. The reliability and reproducibility of the results obtained by algometry to
measure the pressure pain threshold have been previously demonstrated, with an intraclass
correlation coefficient of 0.84–0.96, indicating good to excellent reliability [55,56].

• Conditioned pain modulation

CPM has shown high test–retest reliability [57]. For the test stimulus, the PPT was
measured at the nail bed of the thumb on the symptomatic or most painful side. For the
conditioning stimulus, a sphygmomanometer was used. This was placed on the arm of the
asymptomatic or less painful side, with its lower edge 3 cm proximal to the ulnar fossa.
The cuff was inflated to 260 mmHg and held until the subject perceived pain of 6–7/10
on the NPRS [58]. The PPT was measured again, and cuff pressure was released. A final
PPT measurement was performed to assess the sustained effect of CPM after 1 min [59].
Parallel CPM was calculated as the difference between the PPT during the conditioned
stimulus minus the PPT before the conditioned stimulus. Sequential CPM was estimated
as the difference between the PPT one minute after the conditioned stimulus minus the
PPT before the conditioned stimulus.

• Temporal summation of pain

TSP is a noninvasive and indirect measure of central sensitization in humans, which
refers to an increase in pain intensity with repetitive noxious stimuli. TS was elicited with
10 applications of the algometer at the individual PPT intensity perceived at the nail bed
of the thumb on the asymptomatic or less painful side. The pressure was increased at
a rate of approximately 2 kg/s to the previously determined PPT intensity [60]. Pulses
were presented with an interstimulus interval of 1 s since this has previously shown to be
optimal for inducing TS with pain pressure [61]. Before application of the first pressure
pulse, subjects were instructed to rate the pain intensity of the first and 10th pulse on the
NPRS. The TSP was calculated as the difference of the pain intensity of the 10th pulse
minus the first pulse.

• Cold pain intensity

To evaluate cold pain intensity, participants were seated on a chair, and the ice appli-
cation test was conducted on the anterior skin of their right forearm [62]. A cold pack was
applied to the skin for 10 s, after which the participants were asked to rate the intensity of
pain on NPRS. The procedure was repeated three times to obtain a mean value, with a 60 s
rest period between measures to prevent TS of pain [63].

2.4.3. Intensity of Neck Pain

Intensity of neck pain was evaluated with NPRS. The score is recorded on a Likert
scale ranging from 0 (no pain) to 10 (worst pain imaginable). The NPRS has a moderately
reliable ICC of 0.76 and a clinically important difference of 13% [64]. Neck pain intensity
was assessed before and immediately after treatment. In addition, participants took a
record sheet where they reported pain intensity at the following times: 4 h, after 1, 2, 3, 4, 5,
6 and 7 days.

2.4.4. Self-Perceived Improvement by Global Rating of Change (GROC Scale)

The GROC scale assesses self-perceived improvement on a scale of 15 items, of which
7 are improvement and 7 are deterioration, and with 1 central item with no clinical
change [65]. Clinically significant changes were determined based on values from the
fourth item of improvement or deterioration, while values between the three improvement
and three deterioration items were considered as no clinically significant changes [66]. The
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test–retest reliability has proven to be good (ICC 0.90) [67]. GROC was assessed immedi-
ately after treatment and in the short term (after 7 days), as noted in the record sheet.

2.4.5. Expectations

To assess patient expectation, they were asked to indicate their agreement, disagree-
ment, or uncertainty with the following statement regarding each treatment: “I believe that
manual therapy intervention (painful or nonpainful) will significantly help to decrease my
neck pain”. Positive expectations were classified as “agreeing” with the assigned treatment,
while negative expectations were classified as “disagreeing” with the assigned treatment.
Neutral expectations were classified as “uncertain”.

2.5. Statistical Analysis

Statistical analysis was conducted with SPSS software (IBM SPSS Statistics, version 28).
At baseline, descriptive statistics were used to summarize the characteristics and

expectations of each group. Student’s t-tests, Wilconson’s W-test and Pearson’s chi2 -test
were used to assess differences between the groups. To reduce the risk of dropout bias,
analyses were conducted on an intention-to-treat basis.

To evaluate between-group differences in psychophysical variables, multiple linear
regressions was performed using post-treatment outcome as the dependent variable, treat-
ment (painful vs. pain-free MT) as the covariate of interest and baseline outcome as a
supporting covariate.

Analysis of variance (ANOVA) with time (baseline, immediate post-treatment, 4 h
and 1, 2, 3, 4, 5, 6 and 7 days) and group (painful vs. pain-free MT) was used to assess
between-group differences in intensity of neck pain. The assumption of sphericity was
checked with the Mauchly’s test and, in case of violation (p < 0.05), the Greenhouse-Geisser
correction was used. The effect size was evaluated with partial eta squared considering
0.01 as small, 0.06 as moderate and 0.14 as large [68]. Post hoc contrasts were performed to
assess intragroup effects at each time point with respect to the baseline. To assess differences
between groups in the change at different time points with respect to baseline, an analysis
of covariance (ANCOVA) was performed by introducing the baseline NPRS as a covariate
in the model [69]. The level of statistical significance was set at p < 0.05 for most analyses,
except for post hoc comparisons, where a more conservative threshold of p < 0.01 was used
to correct for multiple testing.

To examine the association between baseline CPM, baseline TSP and expectations with
the effect on PPTs and pain intensity of each treatment, a multiple regression model adjusted
for baseline was employed. Additionally, to investigate the association of baseline CPM,
baseline TSP and expectations with self-perceived improvement after each treatment, an
ordered logistic regression model was used. A significance level of p < 0.01 was considered
for both analyses, taking into account multiple comparisons.

2.6. Sample Size Calculation

The sample size was calculated to detect a greater than 30% change in the tibialis
anterior (1.5 kg/cm2) [70] and greater than the minimum detectable change [71] with a
standard deviation of 1.5 based on a previous study with a similar population [70]. A
1:1 intergroup ratio, a significance level of 0.05, 80% power and two-tailed, resulting in a
requirement of 17 participants in each group. Estimating a loss ratio of 10%, 19 students per
group were ultimately required. The STATA software (IC 16.1, StataCorp LLC, Lakeway
Drive, College Station, TX, USA) was used for this calculation.

3. Results

A total of 38 students with NSNP were included in the trial and randomly assigned to
either the painful MT group (n = 19) or the pain-free MT group (n = 19) (Figure 1).
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Figure 1. Flow diagram. MT: manual therapy.

The clinical and demographic characteristics and the expectations of each treatment
group are presented in Table 1. Most participants were females (79%). Significant differ-
ences were only found between groups in terms of expectations of the effectiveness of the
assigned treatment. More participants in the painful MT group had a positive expectation
compared to the pain-free MT group. No adverse effects were reported in any of the
patients. Slight reddening of the skin or momentary dizziness when moving from a lying
to a sitting position encountered by some patients were not counted as they were not
considered adverse effects.

3.1. Effects on Psychophysical Variables

Regressions adjusted for baseline revealed no differences between groups in any of
the psychophysical variables (Table 2).

3.2. Effects on Intensity of Neck Pain

The ANOVA results did not show significant group x time interactions (F = 1.86,
p = 0.112, η2 = 0.052). However, there was a moderate effect of time (F = 3.32, p = 0.011,
η2 = 0.087) (Table 3). The contrast tests revealed significant differences in the immediate
post-treatment assessment and at 4 h compared to baseline in the pain-free MT group.
In contrast, in the painful MT group, significant differences were found only at day 7.
When comparing the effect between groups, there was a significantly greater decrease in
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post-treatment pain in the nonpainful MT group than in the painful MT group. However,
no differences were found between groups at any other times (Table 3) (Figure 2).

Table 1. Baseline demographic and clinical characteristics.

Painful MT
(n = 19)

Pain-Free MT
(n = 19) Statistic Between Group p

Sex 15/4 15/4
Female, No. (%) 15 (79) 15 (79)

Chi2 = 0.00 1.000Male, No. (%) 4 (21) 4 (21)
Age (y) b 24 (20, 27) 23 (20, 27) Z = 0.04 0.965
Height (m) a 1.67 (0.08) 1.66 (0.11) t = 0.54 0.590
Weight (kg) b 62 (58, 70) 57 (54, 70) Z = 1.20 0.231
BMI (kg/m2) b 22.5 (20.2, 25.1) 21.7 (20.8, 23.2) Z = 0.32 0.748
Pain duration (mo) b 36 (36, 84) 36 (14, 72) Z = 0.987 0.324
Pain intensity (NPRS 0–10)

Current a 3.84 (1.47) 3.74 (1.55) t = 0.21 0.831
Mean in the last week a 4.92 (1.36) 4.42 (1.36) t = 0.18 0.860
Worst in the last week b 6.5 (6, 8) 7 (5, 7) Z = 0.19 0.846

Graded Chronic Pain Scale a 26.7 (9.6) 31.1 (10.7) t = −1.34 0.189
Central Sensitization Inventory a 39.5 (10.9) 36.4 (11.6) t = 0.85 0.401
Neck Disability Index a 10.4 (3.3) 10.6 (4.9) t = −0.19 0.847
Pain Catastrophizing Scale (0–52) b 6 (3, 11) 9.89 (9.84) Z = −0.19 0.849
Tampa Scale for Kinesophobia (0–44) a 18.95 (4.2) 20.6 (5.33) t = −1.08 0.286
Pain Anxiety Symptoms Scale-20
(0–100) a 22.3 (13) 28.9 (17.1) t = −1.35 0.187

State Anxiety Inventory (0–60) a 24.6 (4.4) 24.3 (4.7) t = 0.18 0.860
Beck Depression Inventory-II (0–63) a 9.53 (5.34) 10.3 (9.15) t = −0.32 0.748
Expectations

Positive, No. (%) 17 (89%) 6 (32%)
Chi2 = 13.62 0.001 *Neutral, No. (%) 1 (5%) 10 (53%)

Negative, No. (%) 1 (5%) 3 (16%)

* Significant differences (p < 0.05); a = Data were normally distributed in both groups and consequently: means
and standard deviations are presented; b = The data were not normally distributed in any of the groups and
consequently: medians and interquartile ranges are presented; CI: confidence interval; y = years; BMI: body mass
index; mo = months; NPRS = numeric pain rating scale.

Table 2. Effects on psychophysical variables outcomes.

Variables

Painful MT (n = 19) Pain-Free MT (n = 19)

Baseline
Mean (SD)

Post-Treatment
Mean (SD)

Diff.
Intra-Group
(Post-Base)

Diff (95% CI)

Baseline
Mean (SD)

Post-Treatment
Mean (SD)

Diff.
Intra-Group
(Post-Base)

Diff (95% CI)

Test p-Value

PPT C7 3.09 (1.26) 3.03 (1.10) −0.06
(−0.47; 0.35) 3.51 (1.44) 3.14 (1.14) −0.37

(−0.89; 0.16) t = 0.48 0.632

PPT trapezius 2.08 (0.77) 2.26 (0.74) 0.18
(−0.15; 0.51) 2.16 (0.91) 2.26 (0.97) 0.10

(−0.10; 0.31) z = 0.32 0.749

PPT extensor ulnaris 4.77 (1.31) 4.49 (1.16) −0.28
(−0.59; 0.25) 4.22 (1.38) 4.26 (1.39) 0.04

(−0.39; 0.46) t = −0.85 0.403

PPT tibialis anterior 6.78 (2.55) 6.59 (1.95) −0.18
(−0.81; 0.45) 6.29 (2.50) 6.16 (2.13) −0.13

(−0.53; 0.27) t = 0.26 0.793

Parallel CPM 0.98 (1.23) 0.43 (0.92) −0.55
(−1.23; 0.14) 1.20 (0.92) 0.58 (1.42) −0.62

(−1.30; 0.06) t = −0.25 0.805

Sequential CPM 0.21 (0.99) 0.01 (0.77) −0.20
(−0.83; 0.43) 0.49 (0.67) 0.14 (1.08) −0.35

(−0.90; 0.20) z = −0.31 0.760

TSP 3.5 (1.97) 3.58 (2.19) 0.08
(−0.73; 0.88) 2.5 (2.58) 3.03 (1.87) 0.53

(−0.77; 1.82) t = 0.22 0.827

Cold pain intensity 4.74 (1.96) 4.44 (1.90) −0.30
(−0.90; 0.31) 6.05 (1.78) 5.5 (1.93) −0.55

(−1.17; 0.07) t = −0.05 0.959

Significant differences (p < 0.05). MT: manual therapy; SD: standard deviation; Diff.: differences; CI: confidence
interval; PPT: pressure pain threshold; CPM: conditioned pain modulation; TSP: temporal summation of pain.
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Table 3. Effects on intensity of neck pain.

Follow-Up
Painful MT (n = 19) Pain-Free MT (n = 19)

Group Diff. (Adj. by Baseline)
Mean Diff. (99% CI)Mean (SD) Diff. with Baseline

Mean Diff. (99% CI) Mean (SD) Diff. with Baseline
Mean Diff. (99% CI)

Baseline 3.94 (1.52) 3.74 (1.55)

Post-treatment 3.59 (1.50) −0.35 (−1.58, 0.87) 1.82 (1.12) −1.92 (−3.08, −0.77) * 1.74 (0.54, 2.95) *
4 h 2.91 (2.40) −1.03 (−2.54, 0.48) 2.03 (1.62) −1.71 (−3.13, −0.29) * 0.83 (−1.01, 2.67)
1 day 3.35 (1.73) −0.59 (−1.90, 0.72) 2.79 (1.74) −0.95 (−2.19, 0.29) 0.50 (−1.05, 2.05)
2 days 3.12 (1.68) −0.82 (−2.14, 0.49) 2.55 (1.94) −1.18 (−2.43, 0.06) 0.49 (−1.12, 2.10)
3 days 2.56 (1.68) −1.38 (−2.78, 0.01) 2.58 (2.14) −1.16 (−2.48, 0.16) −0.09 (−1.82, 1.63)
4 days 2.82 (1.67) −1.12 (−2.38, 0.142) 2.68 (1.92) −1.05 (−2.24, 0.14) 0.05 (−1.51, 1.62)
5 days 2.88 (1.65) −1.06 (−2.42, 0.30) 2.63 (1.93) −1.11 (−2.39, 0.18) 0.19 (−1.43, 1.81)
6 days 2.88 (1.87) −1.06 (−2.40, 0.29) 2.68 (1.76) −1.05 (−2.33, 0.22) 0.13 (−1.49, 1.75)
7 days 2.35 (1.94) −1.59 (−2.73, −0.45) * 2.64 (1.66) −0.97 (−2.05, 0.11) −0.53 (−2.01, 0.95)

* Significant differences (p < 0.01). MT: manual therapy; Diff.: differences; CI: confidence interval; SD: standard
deviation; Adj.: adjusted.
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3.3. Self-Perceived Improvement

There were no statistically significant differences between the two treatment groups
in terms of self-perceived improvement immediately at post-treatment or at the 7-day
follow-up. (Table 4).

Table 4. Self-perceived improvement.

Painful MT
(n = 19)

Median (IQR)

Pain-Free MT
(n = 19)

Median (IQR)
Difference (95% CI) Between Group p

GROC post-treatment 4 (2–5) 3 (1–5) 1 (−1, 2) 0.308
GROC post-7 days 3 (1–4) 1 (0–3) 1 (0, 3) 0.149

Significant differences (p < 0.05). MT: manual therapy; IQR: Interquartile range; CI: confidence interval; GROC:
global rating of change.
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3.4. Association of Baseline CPM and TSP with the Effects of Treatments on PPTs, Pain Intensity
and Self-Perceived Improvement

No significant associations were found between baseline CPM or TSP and changes
in PPTs, pain intensity or self-perceived improvement in either group (See Table S1 in
Supplementary Materials).

3.5. Association of Expectations with the Effects of Treatments on PPTs, Pain Intensity and
Self-Perceived Improvement

No significant associations were found between patient expectations and changes in
PPTs, pain intensity or self-perceived improvement in either the painful or pain-free MT
group (See Table S2 in Supplementary Materials).

3.6. Blinding Assessment

The evaluator forgot to indicate the treatment he thought the participant had received
in 3 patients. See Table S3 in the Supplementary Materials for the distribution of assessor
responses. James’ blinding index gave an estimate of 0.75 (95% CI: 0.60, 0.89), indicating
that the study was well blinded. De Bang’s blinding index gave an estimate of 0.29 (95%
CI: 0.07, 0.05) for the painful TM arm, and 0.00 (95% CI: −0.22, 0.22). These results can be
directly interpreted as, for 29% of participants in the painful MT arm, the assessor correctly
got their treatment right beyond chance, whereas this was 0% in the pain-free MT group.

4. Discussion

The purpose of this study was to investigate whether immediate or short-term MT
effects could be related to CPM mechanisms. To achieve this goal, an MT that induced
pain in patients was compared with a pain-free MT. The main findings indicated that
there were no differences between both groups in the immediate effects on any of the
psychophysical variables, nor in patients’ self-perceived improvement. However, in terms
of pain intensity, participants who received pain-free MT experienced a significantly greater
reduction immediately after the treatment compared to those who received painful MT.
Nevertheless, there were no differences in pain intensity at any other time points. The pain-
free MT group reported a significant decrease in pain intensity immediately post-treatment
and at 4 h compared to baseline, whereas the painful MT group only reported significant
differences on day 7.

The lack of differences in any of the psychophysical variables or patients’ self-perceived
improvement between groups, except for pain intensity in favor of the pain-free MT group,
suggests that CPM-related mechanisms may not mediate the effects of MT. Snodgrass et al. [31]
also found no difference in PPTs between high-force and low-force neck mobilizations
and a placebo in patients with neck pain. The absence of a significant increase in PPTs in
the painful MT group, which was used as a proxy for the CPM paradigm, shortly after
treatment is consistent with findings in animals, where DNIC-related mechanisms were
only effective when two noxious stimuli were applied simultaneously [23]. The short
time between the end of treatment by the physiotherapist and measurement of PPTs by
the assessor in the present study may have been enough for the nociceptive inhibitory
effect of the DNIC-related mechanisms to dissipate. Consequently, the results do not sup-
port the hypothesis that MT effects could be due to a residual effect of CPM and DNIC
mechanisms. Nevertheless, these findings are not in line with the conclusions obtained
by Wilson et al. [24] in healthy patients, where differences in PPTs between pain-inducing
manual pressure and pain-free manual pressure were observed. These discrepancies in
results between studies may be due to the lower efficacy of baseline CPM in many neck pain
patients compared to healthy individuals [72]. Wilson et al. [24] found that healthy partici-
pants with an efficient baseline CPM who received pain-inducing manual pressure showed
a greater increase in PPTs. Nonetheless, the present study found no association between
baseline CPM or TSP and changes in PPTs, pain intensity or self-perceived improvement in
either treatment. These within-group analyses should be interpreted cautiously since the
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sample size was not estimated for them. In contrast, a study in a population with lateral
epicondylalgia found a significant correlation between CPM and manipulation-induced
hypoalgesia [73]. Therefore, clinical prediction studies of MT are necessary to determine
if CPM and TSP, as assessments of pain inhibition and facilitation capacity, can predict
MT success.

An umbrella review [18] recently concluded that MT can increase PPTs immediately or
in the short term in patients with chronic musculoskeletal pain. However, when considering
the results obtained in terms of the different MT treatments and control groups used, the
results were mixed. In the present study, none of the treatments increased PPTs in patients
with neck pain, consistent with the findings of Snodgrass et al. [31] and Sterling et al. [74]
in patients with neck pain and whiplash-associated disorders, respectively. These findings
suggest that MT may not have hypoalgesic effects in patients with neck pain and that its
effects on pain intensity and patients’ self-perceived improvement may be mediated by
other mechanisms. However, in populations with knee osteoarthritis, end-range mobi-
lization has been shown to produce immediate hypoalgesic effects, in opposition to not
end-range mobilization and sham mobilization [75]. However, as the studies were based
on the amount of movement generated by the mobilization and not on the intensity of the
pain induced, it cannot be concluded that they are mediated by CPM-related mechanisms.

Patients who received pain-free MT reported greater immediate changes in neck pain
intensity than those who received painful MT, which may be due to the pain induced in the
latter group persisting after the session. Indeed, the painful MT group had no significant
change in pain intensity until day 7, while the pain-free MT group had significant changes
immediately after treatment and at 4 h. These results are in line with those reported by
Snodgrass et al. [31] who found that the group receiving high-force mobilization reported
more pain intensity immediately after treatment than the low-force group, but less at 4 days.
The adaptation of the intensity of the treatments to the objectives of the study, which differs
from clinical practice, may explain these findings. Inducing pain throughout the MT session
is not common in normal clinical practice, which may have delayed the effects until days
later in the painful MT group. Conversely, due to the low intensity of the treatment, effects
may have only lasted a few hours in the pain-free MT group. However, both groups
perceived andimprovement immediately after the session and no statistically significant
difference was found between them. One possible explanation for this finding could be
the significantly higher number of patients with positive expectations in the painful MT
group compared to the pain-free MT group. However, no association between expectations
and self-perceived improvement was observed in the painful MT group. In the study by
Snodgrass et al. [31], 20 of the 21 participants in the high force mobilization group, despite
increased pain after treatment, reported that they would be willing to undergo the treatment
again if they attended physiotherapy. Bishop et al. [28] found that patients who had an
expectation that manipulation would help that episode of neck pain and then received
manipulation showed a higher probability of success. Management of expectations before
and during treatment could have an important impact on patients’ satisfaction [76].

Clinical Relevance

The present study’s findings may help to move toward a mechanism-based approach
to MT treatment. Specifically, it is indicated that MT’s immediate and short-term effects on
pain in patients with neck pain are unlikely to be mediated by CPM-related mechanisms.
This study shows clinicians that the decision to induce pain during their MT treatments
should not be based on the idea that it generates hypoalgesia in patients. However, inducing
pain produces an immediate self-perceived clinical improvement and a decrease in pain a
few days after treatment, but the mechanisms involved are unknown.

Limitations

The present study has four main limitations that should be considered when interpret-
ing the results. The main limitation is that the assessments in the hours and days following
the intervention, as opposed to the immediate post-intervention, were self-reported unsu-
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pervised by the patient in a logbook. Therefore, there is a possibility of bias in the collection
of these data.

Secondly, the sample size for the association analyses conducted in each treatment
group was limited. Consequently, the conclusions drawn from these should be taken
with caution.

Thirdly, assessor blinding was not successful in the painful MT group; they may have
been conditioned in the evaluation of some participants.

Finally, the sample was composed of young university students in the field of health
sciences in the community of Madrid, which limits the generalizability of the results to the
general population of NSNP.

5. Conclusions

The results of this study indicate that the effects of MT on NSNP are not mediated by
CPM-related mechanisms, as no differences were found in PPT changes between painful
and pain-free MT. In addition, there were also no differences between groups in changes
in CPM, TSP, and cold pain intensity. Patients who received pain-free MT reported a
significantly greater decrease in pain intensity immediately after treatment compared to
those who received painful MT. Painful MT did not show a statistically significant decrease
in pain intensity until the seventh day measurement. Despite this, no differences were
found in patients’ self-perceived improvement immediately after the session and at 7 days
between the two groups.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm12123894/s1, Table S1: Association of baseline CPM and
TSP with the effects of treatments on pain intensity and self-perceived improvement. Table S2: Asso-
ciation of expectations, pain catastrophism and pain anxiety with the effects of treatments on pain
intensity and self-perceived improvement. Table S3: Number of subjects by treatment assignment
and assessor’s guess.

Author Contributions: Conceptualization, A.A.-R., J.F.-C., M.M.-Á., F.M.-R. and I.M.A.-D.; method-
ology, A.A.-R., J.F.-C., F.M.-R. and I.M.A.-D.; formal analysis, A.A.-R. and F.M.-R.; investigation,
A.A.-R., L.R.-L., Y.G.-Z. and I.M.A.-D.; resources, J.F.-C., F.M.-R. and I.M.A.-D.; data curation, A.A.-R.
and F.M.-R.; writing—original draft preparation, A.A.-R., J.F.-C., Y.G.-Z., M.M.-Á., L.R.-L., D.M.T. and
F.M.-R.; writing—review and editing A.A.-R., M.M.-Á. and D.M.T.; supervision, J.F.-C. and F.M.-R.
All authors have read and agreed to the published version of the manuscript.

Funding: A.A.-R was supported with a university teacher training contract (FPU) in the early stages
of this work by the Spanish Ministry of Universities.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of Rey Juan Carlos University (protocol code:
ENM 35/22 2803202210022 and date of approval: 3 June 2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available because the privacy of research participants
could be compromised.

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

References
1. Hoy, D.; March, L.; Woolf, A.; Blyth, F.; Brooks, P.; Smith, E.; Vos, T.; Barendregt, J.; Blore, J.; Murray, C.; et al. The Global Burden of

Neck Pain: Estimates from the Global Burden of Disease 2010 Study. Ann. Rheum. Dis. 2014, 73, 1309–1315. [CrossRef] [PubMed]
2. Safiri, S.; Kolahi, A.-A.; Hoy, D.; Buchbinder, R.; Mansournia, M.A.; Bettampadi, D.; Ashrafi-Asgarabad, A.; Almasi-Hashiani, A.;

Smith, E.; Sepidarkish, M.; et al. Global, Regional, and National Burden of Neck Pain in the General Population, 1990–2017:
Systematic Analysis of the Global Burden of Disease Study 2017. BMJ 2020, 368, m791. [CrossRef] [PubMed]

3. Vasseljen, O.; Woodhouse, A.; Bjørngaard, J.H.; Leivseth, L. Natural Course of Acute Neck and Low Back Pain in the General
Population: The HUNT Study. Pain 2013, 154, 1237–1244. [CrossRef]

https://www.mdpi.com/article/10.3390/jcm12123894/s1
https://www.mdpi.com/article/10.3390/jcm12123894/s1
https://doi.org/10.1136/annrheumdis-2013-204431
https://www.ncbi.nlm.nih.gov/pubmed/24482302
https://doi.org/10.1136/bmj.m791
https://www.ncbi.nlm.nih.gov/pubmed/32217608
https://doi.org/10.1016/j.pain.2013.03.032


J. Clin. Med. 2023, 12, 3894 13 of 15

4. Farrell, S.F.; Smith, A.D.; Hancock, M.J.; Webb, A.L.; Sterling, M. Cervical Spine Findings on MRI in People with Neck Pain
Compared with Pain-Free Controls: A Systematic Review and Meta-Analysis. J. Magn. Reson. Imaging 2019, 49, 1638–1654.
[CrossRef]

5. Carlesso, L.C.; Macdermid, J.C.; Gross, A.R.; Walton, D.M.; Santaguida, P.L. Treatment Preferences amongst Physical Therapists
and Chiropractors for the Management of Neck Pain: Results of an International Survey. Chiropr. Man. Ther. 2014, 22, 11.
[CrossRef] [PubMed]

6. Blanpied, P.R.; Gross, A.R.; Elliott, J.M.; Devaney, L.L.; Clewley, D.; Walton, D.M.; Sparks, C.; Robertson, E.K. Neck Pain: Revision
2017. J. Orthop. Sport. Phys. Ther. 2017, 47, A1–A83. [CrossRef]

7. Bier, J.D.; Scholten-Peeters, W.G.M.; Staal, J.B.; Pool, J.; van Tulder, M.W.; Beekman, E.; Knoop, J.; Meerhoff, G.; Verhagen, A.P.
Clinical Practice Guideline for Physical Therapy Assessment and Treatment in Patients with Nonspecific Neck Pain. Phys. Ther.
2018, 98, 162–171. [CrossRef]

8. Corp, N.; Mansell, G.; Stynes, S.; Wynne-Jones, G.; Morsø, L.; Hill, J.C.; van der Windt, D.A. Evidence-Based Treatment
Recommendations for Neck and Low Back Pain across Europe: A Systematic Review of Guidelines. Eur. J. Pain. 2021, 25, 275–295.
[CrossRef]

9. Fredin, K.; Lorås, H. Manual Therapy, Exercise Therapy or Combined Treatment in the Management of Adult Neck Pain—A
Systematic Review and Meta-Analysis. Musculoskelet. Sci. Pract. 2017, 31, 62–71. [CrossRef]

10. Coulter, I.D.; Crawford, C.; Vernon, H.; Hurwitz, E.L.; Khorsan, R.; Booth, M.S.; Herman, P.M. Manipulation and Mobilization for
Treating Chronic Nonspecific Neck Pain: A Systematic Review and Meta-Analysis for an Appropriateness Panel. Pain Physician
2019, 22, E55–E70. [CrossRef]

11. Gross, A.; Miller, J.; D’Sylva, J.; Burnie, S.J.; Goldsmith, C.H.; Graham, N.; Haines, T.; Brønfort, G.; Hoving, J.L. COG Manipulation
or Mobilisation for Neck Pain: A Cochrane Review. Man. Ther. 2010, 15, 315–333. [CrossRef] [PubMed]

12. Cheng, Y.H.; Huang, G.C. Efficacy of Massage Therapy on Pain and Dysfunction in Patients with Neck Pain: A Systematic Review
and Meta-Analysis. Evid. Based Complement. Alternat. Med. 2014, 2014, 204360. [CrossRef] [PubMed]

13. Tsegay, G.S.; Gebregergs, G.B.; Weleslassie, G.G.; Hailemariam, T.T. Effectiveness of Thoracic Spine Manipulation on the
Management of Neck Pain: A Systematic Review and Meta-Analysis of Randomized Control Trials. J. Pain Res. 2023, 16, 597–609.
[CrossRef] [PubMed]

14. Bialosky, J.E.; Beneciuk, J.M.; Bishop, M.D.; Coronado, R.A.; Penza, C.W.; Simon, C.B.; George, S.Z. Unraveling the Mechanisms
of Manual Therapy: Modeling an Approach. J. Orthop. Sports Phys. Ther. 2018, 48, 8–18. [CrossRef]

15. Edwards, R.R.; Dworkin, R.H.; Turk, D.C.; Angst, M.S.; Dionne, R.; Freeman, R.; Hansson, P.; Haroutounian, S.; Arendt-Nielsen, L.;
Attal, N.; et al. Patient Phenotyping in Clinical Trials of Chronic Pain Treatments: IMMPACT Recommendations. Pain 2016,
157, 1851–1871. [CrossRef]

16. Bialosky, J.E.; Bishop, M.D.; Price, D.D.; Robinson, M.E.; George, S.Z. The Mechanisms of Manual Therapy in the Treatment of
Musculoskeletal Pain: A Comprehensive Model. Man. Ther. 2009, 14, 531–538. [CrossRef]

17. Arribas-Romano, A.; Fernández-Carnero, J.; Molina-Rueda, F.; Angulo-Diaz-Parreño, S.; Navarro-Santana, M.J. Efficacy of
Physical Therapy on Nociceptive Pain Processing Alterations in Patients with Chronic Musculoskeletal Pain: A Systematic
Review and Meta-Analysis. Pain Med. 2020, 21, 2502–2517. [CrossRef]

18. Martínez-Pozas, O.; Sánchez-Romero, E.A.; Beltran-Alacreu, H.; Arribas-Romano, A.; Cuenca-Martínez, F.; Villafañe, J.H.;
Fernández-Carnero, J. Effects of Orthopedic Manual Therapy on Pain Sensitization in Patients with Chronic Musculoskeletal
Pain: An Umbrella Review with Meta-Meta-Analysis. Am. J. Phys. Med. Rehabil. 2023. [CrossRef]

19. Yarnitsky, D.; Arendt-Nielsen, L.; Bouhassira, D.; Edwards, R.R.; Fillingim, R.B.; Granot, M.; Hansson, P.; Lautenbacher, S.;
Marchand, S.; Wilder-Smith, O. Recommendations on Terminology and Practice of Psychophysical DNIC Testing. Eur. J. Pain
2010, 14, 339. [CrossRef]

20. Le Bars, D.; Dickenson, A.H.; Besson, J.-M. Diffuse Noxious Inhibitory Controls (DNIC). I. Effects on Dorsal Horn Convergent
Neurones in the Rat. Pain 1979, 6, 283–304. [CrossRef]

21. Sirucek, L.; Ganley, R.P.; Zeilhofer, H.U.; Schweinhardt, P. Diffuse Noxious Inhibitory Controls and Conditioned Pain Modulation:
A Shared Neurobiology within the Descending Pain Inhibitory System? Pain 2023, 164, 463–468. [CrossRef] [PubMed]

22. Yarnitsky, D.; Bouhassira, D.; Drewes, A.M.; Fillingim, R.B.; Granot, M.; Hansson, P.; Landau, R.; Marchand, S.; Matre, D.;
Nilsen, K.B.; et al. Recommendations on Practice of Conditioned Pain Modulation (CPM) Testing. Eur. J. Pain 2015, 19, 805–806.
[CrossRef] [PubMed]

23. Piché, M. Mechanistic Perspective on Conditioned Pain Modulation. Pain 2023, 164, e1–e2. [CrossRef] [PubMed]
24. Wilson, A.T.; Riley, J.L.; Bishop, M.D.; Beneciuk, J.M.; Godza, M.; Cruz-Almeida, Y.; Bialosky, J.E. A Psychophysical Study

Comparing Massage to Conditioned Pain Modulation: A Single Blind Randomized Controlled Trial in Healthy Participants.
J. Bodyw. Mov. Ther. 2021, 27, 426–435. [CrossRef]

25. Goffaux, P.; Redmond, W.J.; Rainville, P.; Marchand, S. Descending Analgesia--When the Spine Echoes What the Brain Expects.
Pain 2007, 130, 137–143. [CrossRef]

26. Hermans, L.; Van Oosterwijck, J.; Goubert, D.; Goudman, L.; Crombez, G.; Calders, P.; Meeus, M. Inventory of Personal Factors
Influencing Conditioned Pain Modulation in Healthy People: A Systematic Literature Review. Pain Pract. 2016, 16, 758–769.
[CrossRef]

https://doi.org/10.1002/jmri.26567
https://doi.org/10.1186/2045-709X-22-11
https://www.ncbi.nlm.nih.gov/pubmed/24661461
https://doi.org/10.2519/jospt.2017.0302
https://doi.org/10.1093/ptj/pzx118
https://doi.org/10.1002/ejp.1679
https://doi.org/10.1016/j.msksp.2017.07.005
https://doi.org/10.36076/ppj/2019.22.E55
https://doi.org/10.1016/j.math.2010.04.002
https://www.ncbi.nlm.nih.gov/pubmed/20510644
https://doi.org/10.1155/2014/204360
https://www.ncbi.nlm.nih.gov/pubmed/24695806
https://doi.org/10.2147/JPR.S368910
https://www.ncbi.nlm.nih.gov/pubmed/36875686
https://doi.org/10.2519/jospt.2018.7476
https://doi.org/10.1097/j.pain.0000000000000602
https://doi.org/10.1016/j.math.2008.09.001
https://doi.org/10.1093/pm/pnz366
https://doi.org/10.1097/PHM.0000000000002239
https://doi.org/10.1016/j.ejpain.2010.02.004
https://doi.org/10.1016/0304-3959(79)90049-6
https://doi.org/10.1097/j.pain.0000000000002719
https://www.ncbi.nlm.nih.gov/pubmed/36017879
https://doi.org/10.1002/ejp.605
https://www.ncbi.nlm.nih.gov/pubmed/25330039
https://doi.org/10.1097/j.pain.0000000000002717
https://www.ncbi.nlm.nih.gov/pubmed/36538576
https://doi.org/10.1016/j.jbmt.2021.02.014
https://doi.org/10.1016/j.pain.2006.11.011
https://doi.org/10.1111/papr.12305


J. Clin. Med. 2023, 12, 3894 14 of 15

27. Wilson, A.T.; Bishop, M.D.; Beneciuk, J.M.; Tilley, H.E.; Riley, J.L.; Cruz-Almeida, Y.; Bialosky, J.E. Expectations Affect Pain
Sensitivity Changes during Massage. J. Man. Manip. Ther. 2023, 31, 84–92. [CrossRef]

28. Bishop, M.D.; Mintken, P.E.; Bialosky, J.E.; Cleland, J.A. Patient Expectations of Benefit from Interventions for Neck Pain and
Resulting Influence on Outcomes. J. Orthop. Sports Phys. Ther. 2013, 43, 457–465. [CrossRef]

29. Ferreira-Valente, M.A.; Pais-Ribeiro, J.L.; Jensen, M.P. Validity of Four Pain Intensity Rating Scales. Pain 2011, 152, 2399–2404.
[CrossRef]

30. Guzmán Pavón, M.J.; Cavero Redondo, I.; Martínez Vizcaíno, V.; Ferri Morales, A.; Lorenzo García, P.; Álvarez Bueno, C.
Comparative Effectiveness of Manual Therapy Interventions on Pain and Pressure Pain Threshold in Patients with Myofascial
Trigger Points: A Network Meta-Analysis. Clin. J. Pain 2022, 38, 749–760. [CrossRef]

31. Snodgrass, S.J.; Rivett, D.A.; Sterling, M.; Vicenzino, B. Dose Optimization for Spinal Treatment Effectiveness: A Randomized
Controlled Trial Investigating the Effects of High and Low Mobilization Forces in Patients with Neck Pain. J. Orthop. Sports Phys.
Ther. 2014, 44, 141–152. [CrossRef] [PubMed]

32. Nagrale, A.V.; Glynn, P.; Joshi, A.; Ramteke, G. The Efficacy of an Integrated Neuromuscular Inhibition Technique on Upper
Trapezius Trigger Points in Subjects with Non-Specific Neck Pain: A Randomized Controlled Trial. J. Man. Manip. Ther. 2010,
18, 37–43. [CrossRef] [PubMed]

33. James, K.E.; Bloch, D.A.; Lee, K.K.; Kraemer, H.C.; Fuller, R.K. An Index for Assessing Blindness in a Multi-Centre Clinical Trial:
Disulfiram for Alcohol Cessation—A VA Cooperative Study. Stat. Med. 1996, 15, 1421–1434. [CrossRef]

34. Bang, H.; Ni, L.; Davis, C.E. Assessment of Blinding in Clinical Trials. Control. Clin. Trials 2004, 25, 143–156. [CrossRef]
35. Von Korff, M.; Ormel, J.; Keefe, F.J.; Dworkin, S.F. Grading the Severity of Chronic Pain. Pain 1992, 50, 133–149. [CrossRef]
36. Smith, B.H.; Penny, K.I.; Purves, A.M.; Munro, C.; Wilson, B.; Grimshaw, J.; Chambers, W.A.; Smith, W.C. The Chronic Pain Grade

Questionnaire: Validation and Reliability in Postal Research. Pain 1997, 71, 141–147. [CrossRef]
37. Ferrer-Peña, R.; Gil-Martínez, A.; Pardo-Montero, J.; Jiménez-Penick, V.; Gallego-Izquierdo, T.; La Touche, R. Adaptation and

Validation of the Spanish Version of the Graded Chronic Pain Scale. Reumatol. Clin. 2016, 12, 130–138. [CrossRef]
38. Cuesta-Vargas, A.I.; Roldan-Jimenez, C.; Neblett, R.; Gatchel, R.J. Cross-Cultural Adaptation and Validity of the Spanish Central

Sensitization Inventory. Springerplus 2016, 5, 1837. [CrossRef]
39. Mayer, T.G.; Neblett, R.; Cohen, H.; Howard, K.J.; Choi, Y.H.; Williams, M.J.; Perez, Y.; Gatchel, R.J. The Development and

Psychometric Validation of the Central Sensitization Inventory. Pain Pract. 2012, 12, 276–285. [CrossRef]
40. Neblett, R.; Cohen, H.; Choi, Y.; Hartzell, M.M.; Williams, M.; Mayer, T.G.; Gatchel, R.J. The Central Sensitization Inventory (CSI):

Establishing Clinically Significant Values for Identifying Central Sensitivity Syndromes in an Outpatient Chronic Pain Sample.
J. Pain 2013, 14, 438–445. [CrossRef]

41. Andrade Ortega, J.A.; Delgado Martínez, A.D.; Almécija Ruiz, R. Validation of the Spanish Version of the Neck Disability Index.
Spine 2010, 35, E114–E118. [CrossRef] [PubMed]

42. MacDermid, J.C.; Walton, D.M.; Avery, S.; Blanchard, A.; Etruw, E.; McAlpine, C.; Goldsmith, C.H. Measurement Properties of the
Neck Disability Index: A Systematic Review. J. Orthop. Sports Phys. Ther. 2009, 39, 400–417. [CrossRef] [PubMed]

43. García Campayo, J.; Rodero, B.; Alda, M.; Sobradiel, N.; Montero, J.; Moreno, S. Validation of the Spanish version of the Pain
Catastrophizing Scale in fibromyalgia. Med. Clin. 2008, 131, 487–492. [CrossRef] [PubMed]

44. Gómez-Pérez, L.; López-Martínez, A.E.; Ruiz-Párraga, G.T. Psychometric Properties of the Spanish Version of the Tampa Scale for
Kinesiophobia (TSK). J. Pain 2011, 12, 425–435. [CrossRef]

45. Solé, E.; Castarlenas, E.; Sánchez-Rodríguez, E.; Galán, S.; de la Vega, R.; Jensen, M.P.; Miró, J. The Reliability and Validity of the
Spanish Version of the Fear of Pain Questionnaire. J. Health Psychol. 2019, 24, 1134–1144. [CrossRef]

46. Sanz, J.; Perdigón, A.L.; Vázquez Valverde, C. Adaptación española del Inventario para la Depresión de Beck-II (BDI-II): 2.
Propiedades psicométricas en población general. Clínica Salud 2003, 14, 249–280.

47. Wiebe, J.S.; Penley, J.A. A Psychometric Comparison of the Beck Depression Inventory-II in English and Spanish. Psychol. Assess
2005, 17, 481–485. [CrossRef]

48. Beck, A.T.; Ward, C.H.; Mendelson, M.; Mock, J.; Erbaugh, J. An Inventory for Measuring Depression. Arch. Gen. Psychiatry 1961,
4, 561–571. [CrossRef]

49. Bumberry, W.; Oliver, J.M.; McClure, J.N. Validation of the Beck Depression Inventory in a University Population Using Psychiatric
Estimate as the Criterion. J. Consult. Clin. Psychol. 1978, 46, 150–155. [CrossRef]

50. Spielberger, C. Development of the Spanish Edition of the State-Trait Anxiety Inventory. Interam. J. Psychol 1971, 5, 145–158.
51. Guillén-Riquelme, A.; Buela-Casal, G. Metaanálisis de Comparación de Grupos y Metaanálisis de Generalización de La Fiabilidad

Del Cuestionario State-Trait Anxiety Inventory (STAI). Rev. Española Salud Pública 2014, 88, 101–112. [CrossRef] [PubMed]
52. Kabacoff, R.I.; Segal, D.L.; Hersen, M.; Van Hasselt, V.B. Psychometric Properties and Diagnostic Utility of the Beck Anxiety

Inventory and the State-Trait Anxiety Inventory with Older Adult Psychiatric Outpatients. J. Anxiety Disord. 1997, 11, 33–47.
[CrossRef] [PubMed]

53. McCracken, L.M.; Zayfert, C.; Gross, R.T. The Pain Anxiety Symptoms Scale: Development and Validation of a Scale to Measure
Fear of Pain. Pain 1992, 50, 67–73. [CrossRef] [PubMed]

54. López-Martínez, A.; Esteve, R.; Ramírez-Maestre, C. The Spanish Version of the Pain Anxiety Symptoms Scale (PASS-20):
Preliminary Data on Its Reliability, Validity and Factorial Structure. Eur. J. Pain Suppl. 2011, 5, 265. [CrossRef]

https://doi.org/10.1080/10669817.2022.2118449
https://doi.org/10.2519/jospt.2013.4492
https://doi.org/10.1016/j.pain.2011.07.005
https://doi.org/10.1097/AJP.0000000000001079
https://doi.org/10.2519/jospt.2014.4778
https://www.ncbi.nlm.nih.gov/pubmed/24450365
https://doi.org/10.1179/106698110X12595770849605
https://www.ncbi.nlm.nih.gov/pubmed/21655422
https://doi.org/10.1002/(SICI)1097-0258(19960715)15:13&lt;1421::AID-SIM266&gt;3.0.CO;2-H
https://doi.org/10.1016/j.cct.2003.10.016
https://doi.org/10.1016/0304-3959(92)90154-4
https://doi.org/10.1016/S0304-3959(97)03347-2
https://doi.org/10.1016/j.reuma.2015.07.004
https://doi.org/10.1186/s40064-016-3515-4
https://doi.org/10.1111/j.1533-2500.2011.00493.x
https://doi.org/10.1016/j.jpain.2012.11.012
https://doi.org/10.1097/BRS.0b013e3181afea5d
https://www.ncbi.nlm.nih.gov/pubmed/20110848
https://doi.org/10.2519/jospt.2009.2930
https://www.ncbi.nlm.nih.gov/pubmed/19521015
https://doi.org/10.1157/13127277
https://www.ncbi.nlm.nih.gov/pubmed/19007576
https://doi.org/10.1016/j.jpain.2010.08.004
https://doi.org/10.1177/1359105316686669
https://doi.org/10.1037/1040-3590.17.4.481
https://doi.org/10.1001/archpsyc.1961.01710120031004
https://doi.org/10.1037/0022-006X.46.1.150
https://doi.org/10.4321/S1135-57272014000100007
https://www.ncbi.nlm.nih.gov/pubmed/24728394
https://doi.org/10.1016/S0887-6185(96)00033-3
https://www.ncbi.nlm.nih.gov/pubmed/9131880
https://doi.org/10.1016/0304-3959(92)90113-P
https://www.ncbi.nlm.nih.gov/pubmed/1513605
https://doi.org/10.1016/S1754-3207(11)70916-6


J. Clin. Med. 2023, 12, 3894 15 of 15

55. Nussbaum, E.L.; Downes, L. Reliability of Clinical Pressure-Pain Algometric Measurements Obtained on Consecutive Days.
Phys. Ther. 1998, 78, 160–169. [CrossRef]

56. Bisset, L.M.; Evans, K.; Tuttle, N. Reliability of 2 Protocols for Assessing Pressure Pain Threshold in Healthy Young Adults.
J. Manip. Physiol. Ther. 2015, 38, 282–287. [CrossRef]

57. Kennedy, D.L.; Kemp, H.I.; Ridout, D.; Yarnitsky, D.; Rice, A.S.C. Reliability of Conditioned Pain Modulation: A Systematic
Review. Pain 2016, 157, 2410–2419. [CrossRef]

58. Flood, A.; Waddington, G.; Cathcart, S. Examining the Relationship between Endogenous Pain Modulation Capacity and
Endurance Exercise Performance. Res. Sports Med. 2017, 25, 300–312. [CrossRef]

59. Vaegter, H.B.; Handberg, G.; Graven-Nielsen, T. Similarities between Exercise-Induced Hypoalgesia and Conditioned Pain
Modulation in Humans. Pain 2014, 155, 158–167. [CrossRef]

60. Cathcart, S.; Winefield, A.H.; Rolan, P.; Lushington, K. Reliability of Temporal Summation and Diffuse Noxious Inhibitory Control.
Pain Res. Manag. 2009, 14, 433–438. [CrossRef]

61. Nie, H.; Arendt-Nielsen, L.; Andersen, H.; Graven-Nielsen, T. Temporal Summation of Pain Evoked by Mechanical Stimulation in
Deep and Superficial Tissue. J. Pain 2005, 6, 348–355. [CrossRef] [PubMed]

62. Maxwell, S.; Sterling, M. An Investigation of the Use of a Numeric Pain Rating Scale with Ice Application to the Neck to Determine
Cold Hyperalgesia. Man. Ther. 2013, 18, 172–174. [CrossRef] [PubMed]

63. Sterling, M.; Jull, G.; Vicenzino, B.; Kenardy, J. Sensory Hypersensitivity Occurs Soon after Whiplash Injury and Is Associated
with Poor Recovery. Pain 2003, 104, 509–517. [CrossRef]

64. Cleland, J.A.; Childs, J.D.; Whitman, J.M. Psychometric Properties of the Neck Disability Index and Numeric Pain Rating Scale in
Patients with Mechanical Neck Pain. Arch. Phys. Med. Rehabil. 2008, 89, 69–74. [CrossRef] [PubMed]

65. Stratford, P.W.; Binkley, J.; Solomon, P.; Gill, C.; Finch, E. Assessing Change over Time in Patients with Low Back Pain. Phys. Ther.
1994, 74, 528–533. [CrossRef]

66. Jaeschke, R.; Singer, J.; Guyatt, G.H. Measurement of Health Status. Ascertaining the Minimal Clinically Important Difference.
Control. Clin. Trials 1989, 10, 407–415. [CrossRef]

67. Kamper, S.J.; Maher, C.G.; Mackay, G. Global Rating of Change Scales: A Review of Strengths and Weaknesses and Considerations
for Design. J. Man. Manip. Ther. 2009, 17, 163–170. [CrossRef]

68. Field, A. Discovering Statistics with IBM SPSS Statistics; Sage: Newbury Park, CA, USA, 2013.
69. Van Breukelen, G.J.P. ANCOVA versus Change from Baseline: More Power in Randomized Studies, More Bias in Nonrandomized

Studies [Corrected]. J. Clin. Epidemiol. 2006, 59, 920–925. [CrossRef]
70. Zabala Mata, J.; Lascurain-Aguirrebena, I.; Dominguez Lopez, E.; Jatsu Azkue, J. Enhanced Pronociceptive and Disrupted

Antinociceptive Mechanisms in Nonspecific Chronic Neck Pain. Phys. Ther. 2021, 101, pzaa223. [CrossRef]
71. Walton, D.M.; Macdermid, J.C.; Nielson, W.; Teasell, R.W.; Chiasson, M.; Brown, L. Reliability, Standard Error, and Minimum

Detectable Change of Clinical Pressure Pain Threshold Testing in People with and without Acute Neck Pain. J. Orthop. Sports
Phys. Ther. 2011, 41, 644–650. [CrossRef]

72. Xie, Y.; Jun, D.; Thomas, L.; Coombes, B.K.; Johnston, V. Comparing Central Pain Processing in Individuals with Non-Traumatic
Neck Pain and Healthy Individuals: A Systematic Review and Meta-Analysis. J. Pain 2020, 21, 1101–1124. [CrossRef] [PubMed]

73. Muhsen, A.; Moss, P.; Gibson, W.; Walker, B.; Jacques, A.; Schug, S.; Wright, A. The Association between Conditioned Pain
Modulation and Manipulation-Induced Analgesia in People with Lateral Epicondylalgia. Clin. J. Pain 2019, 35, 435–442. [CrossRef]
[PubMed]

74. Sterling, M.; Pedler, A.; Chan, C.; Puglisi, M.; Vuvan, V.; Vicenzino, B. Cervical Lateral Glide Increases Nociceptive Flexion
Reflex Threshold but Not Pressure or Thermal Pain Thresholds in Chronic Whiplash Associated Disorders: A Pilot Randomised
Controlled Trial. Man. Ther. 2010, 15, 149–153. [CrossRef] [PubMed]

75. Pozsgai, M.; Udvarácz, K.; Péter, I.A.; Than, P.; Nusser, N. Effect of Single End-Range and Not End-Range Maitland Mobilization
on Pressure Pain Threshold and Functional Measures in Knee Osteoarthritis: Randomised, Controlled Clinical Trial. Eur. J. Phys.
Rehabil. Med. 2022, 58, 774–783. [CrossRef] [PubMed]

76. Geurts, J.W.; Willems, P.C.; Lockwood, C.; van Kleef, M.; Kleijnen, J.; Dirksen, C. Patient Expectations for Management of Chronic
Non-Cancer Pain: A Systematic Review. Health Expect. 2017, 20, 1201–1217. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1093/ptj/78.2.160
https://doi.org/10.1016/j.jmpt.2015.03.001
https://doi.org/10.1097/j.pain.0000000000000689
https://doi.org/10.1080/15438627.2017.1314291
https://doi.org/10.1016/j.pain.2013.09.023
https://doi.org/10.1155/2009/523098
https://doi.org/10.1016/j.jpain.2005.01.352
https://www.ncbi.nlm.nih.gov/pubmed/15943956
https://doi.org/10.1016/j.math.2012.07.004
https://www.ncbi.nlm.nih.gov/pubmed/22892206
https://doi.org/10.1016/S0304-3959(03)00078-2
https://doi.org/10.1016/j.apmr.2007.08.126
https://www.ncbi.nlm.nih.gov/pubmed/18164333
https://doi.org/10.1093/ptj/74.6.528
https://doi.org/10.1016/0197-2456(89)90005-6
https://doi.org/10.1179/jmt.2009.17.3.163
https://doi.org/10.1016/j.jclinepi.2006.02.007
https://doi.org/10.1093/ptj/pzaa223
https://doi.org/10.2519/jospt.2011.3666
https://doi.org/10.1016/j.jpain.2020.02.007
https://www.ncbi.nlm.nih.gov/pubmed/32574788
https://doi.org/10.1097/AJP.0000000000000696
https://www.ncbi.nlm.nih.gov/pubmed/30801339
https://doi.org/10.1016/j.math.2009.09.004
https://www.ncbi.nlm.nih.gov/pubmed/19884037
https://doi.org/10.23736/S1973-9087.22.07506-2
https://www.ncbi.nlm.nih.gov/pubmed/36094367
https://doi.org/10.1111/hex.12527

	Introduction 
	Materials and Methods 
	Design 
	Participants 
	Treatment 
	Outcomes 
	Demographic and Clinical Characteristics 
	Psychophysical Variables 
	Intensity of Neck Pain 
	Self-Perceived Improvement by Global Rating of Change (GROC Scale) 
	Expectations 

	Statistical Analysis 
	Sample Size Calculation 

	Results 
	Effects on Psychophysical Variables 
	Effects on Intensity of Neck Pain 
	Self-Perceived Improvement 
	Association of Baseline CPM and TSP with the Effects of Treatments on PPTs, Pain Intensity and Self-Perceived Improvement 
	Association of Expectations with the Effects of Treatments on PPTs, Pain Intensity and Self-Perceived Improvement 
	Blinding Assessment 

	Discussion 
	Conclusions 
	References

