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ABSTRACT
Introduction: The presence of altered central pain processing and modulation, as well as negative psychological factors, have 
been suggested to impede recovery in chronic low back pain (CLBP). Psychologically-informed physiotherapy (PiP) aims to spe-
cifically address the latter factors—in addition to physical factors—to improve treatment effects. This study aims to determine 
if the effect of PiP is superior to usual physiotherapy (UP) on pain sensitivity and modulation in participants with CLBP and if 
changes in these variables were associated with changes in clinical outcomes.
Methods: Forty participants with CLBP were randomly allocated to PiP or UP. Seven physiotherapy sessions over 6 weeks plus a 
booster session at an 11-week follow-up were delivered. Pressure pain threshold (PPT), temporal summation of pain (TSP), and 
exercise-induced hypoalgesia were assessed on lumbar, upper, and lower limb sites at baseline and after 6 weeks. Linear mixed 
models tested if PiP was superior to UP on pain sensitivity/modulation. Linear regressions tested if pain sensitivity/modulation 
changes were associated with changes in clinical outcomes (pain intensity, physical functioning, symptoms of central sensitization).
Results: PiP was not superior to UP to modulate pain sensitivity/modulation variables. All PPTs increased after 6 weeks regard-
less of the approach. Lumbar PPT and lumbar and lower limb TSP changes were associated with physical functioning changes.
Conclusion: Although our study suggests that neither approach has a superiority to impact on pain sensitivity, both approaches 
elicited widespread hypoalgesia. Future powered trials should verify if pain sensitivity can be a mediator of physical functioning 
improvement, as suggested by our results.
Keywords: Exercise-induced hypoalgesia, Pressure pain threshold, Psychologically informed physiotherapy, Quantitative 
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Introduction
Chronic low back pain (CLBP) is highly prevalent in the gen-

eral population (1) and represents the leading cause of disabil-
ity worldwide (2). Considering that the specific cause of CLBP 
is elusive in most patients (90%), the term non-specific CLBP 
is commonly used (3). This may be explained by the multidi-
mensional nature of CLBP. Indeed, several factors such as psy-
chological, social, biophysical, genetics, and comorbidities may 
modulate both central pain processing and nociceptive inputs, 
giving rise to an individual’s pain experience (4). For example, 

What is already known about this topic? 

• Psychologically-informed Physiotherapy (PiP) consists of iden-
tifying and addressing both physical (including sensitization) 
and psychological factors contributing to pain. This approach is 
deemed superior to usual physiotherapy (UP) to manage chronic 
low back pain (CLBP).

What does the study add?

• PiP has been claimed to influence pain sensitivity, modulation, 
and psychological factors. In this exploratory clinical trial, we 
observed that both physiotherapy approaches reduced pressure 
pain sensitivity. 
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it has been demonstrated that participants with CLBP had 
reduced exercise-induced hypoalgesia (EIH) and increased pain 
during a muscle contraction remote from the lower back area, 
suggesting an alteration in central mechanisms for pain control 
(5). This is coherent with meta-analyses reporting higher pain 
sensitivity in CLBP compared to controls, although pain mod-
ulation (frequently measured using conditioned pain modula-
tion paradigm) was altered only in some studies (6). This could 
reflect the presence of nociplastic pain mechanisms (7-9), which 
is suggested to contribute to chronicity and long-term disabil-
ity. Some authors proposed, although not all agree (8-10), that 
patients with predominant nociplastic CLBP phenotype often 
present with negative psychological factors (e.g., pain cata-
strophizing, fear) that are predictors of poor prognosis (11). 
Consequently, most contemporary treatments to manage CLBP 
consider the multiple factors impacting the pain experience, for 
example, by targeting (i) nociplastic pain mechanisms and (ii) 
psychological factors associated with poor prognosis through 
psychologically-informed approaches (12-14).

Psychologically informed approaches integrate physical, 
behavioral, and psychological interventions to improve a 
patient’s quality of life (15). When delivered by physiothera-
pists, it is referred to as psychologically-informed physiother-
apy (PiP). PiP includes usual physiotherapy (UP) interventions 
such as manual therapy and exercises along with strategies 
based on cognitive-behavioral principles and pain neurosci-
ence education (12). Although a meta-analysis demonstrated 
that interventions similar to PiP (i.e., combining physical and 
psychological interventions) are more effective in improving 
pain and physical functioning than usual care (16), the impact 
of PiP on central pain mechanisms (e.g., pain sensitivity and 
modulation alteration) has been scarcely studied. PiP may 
have an impact on pain sensitivity and modulation via differ-
ent mechanisms. First, it has been suggested that targeting 
negative emotional and cognitive factors could influence the 
pain modulation system (17) through the corticolimbic sys-
tem (18). For example, studies have demonstrated associa-
tions between pain catastrophizing and pain sensitivity (19). 
Second, pain neuroscience education—which also targets 
psychological factors and pain conceptualization—has been 
suggested to “desensitize” the central nervous system, thus 
influencing pain sensitivity and modulation variables and, 
ultimately, pain-related outcomes (20,21). Emerging evidence 
may support these hypotheses. A randomized controlled trial 
demonstrated that the combination of pain neuroscience 
education and exercises reduced pain sensitivity of the lower 
back area more than exercise alone (21). Nonetheless, inter-
ventions commonly used by physiotherapists may also influ-
ence pain sensitivity. Specifically, meta-analyses reported a 
reduction in pain sensitivity following manipulation (22) and 
exercises (23). It remains unclear whether PiP has a greater 
impact on pain sensitivity and modulation variables than UP. 
Moreover, despite the fact that some groups proposed that 
PiP may “desensitize” the central nervous system (20,21) and 
consequently affect pain-related outcomes, it is not known 
whether changes in pain sensitivity and modulation are asso-
ciated with changes in pain and disability.

The objectives of this exploratory study are (i) to compare 
the effects of PiP and UP on pain sensitivity and modulation 

variables and (ii) to determine if changes in pain sensitivity 
and modulation are associated with changes in clinical out-
comes. We hypothesized that (i) PiP will have a greater influ-
ence on pain sensitivity and modulation variables than UP, 
and (ii) changes in pain sensitivity/modulation variables will 
be associated with changes in patient-reported outcomes.

Methods
Study design

The complete methodological details and results (feasi-
bility and clinical effect of physiotherapy) of this pilot and 
exploratory randomized controlled trial were published (24), 
and the protocol was prospectively registered in ClinicalTrials 
(NCT04979403). A brief overview of the methods is provided 
in the following sections.

A two-arm parallel pilot randomized clinical trial (RCT) 
with a 6-month follow-up was conducted. Quantitative sen-
sory testing (QST) measures were collected at Cirris (research 
center) at baseline and at a 6-week follow-up. Patient-
reported outcome measures (PROM) were assessed at 
baseline, 6 weeks, 12 weeks, and 24 weeks after randomiza-
tion using Research Electronic Data Capture (REDCap) (25). 
Considering the PROMs have been published, only PROMs 
collected at baseline and 6-week follow-up are reported in 
this study to fulfill the second objective of the study.

All participants were randomly allocated to one of the 
two groups (PiP, UP) and underwent their assigned interven-
tions. Each intervention consisted of eight sessions spread 
over 11 weeks. Precisely, a 60-minute assessment meeting 
and a follow-up session were delivered during the 1st week, 
followed by weekly sessions until the 6th week, and a final 
follow-up session (i.e., “booster” session) in the 11th week 
(between 30-45 mins per follow-up session).

Participants

Forty participants with CLBP were recruited according to 
the following inclusion criteria: (i) adults between 18 and 65 
years, (ii) non-specific CLBP (>3 months), and (iii) classified at 
high risk of poor prognosis based on the STarT Back Screening 
Tool (i.e., psychosocial subscore ≥4/5) (26). Exclusion crite-
ria were any cause of specific LBP (e.g., fracture, cancer) 
(3), litigation, and neuropathic pain [>4 on the Douleur 
Neuropathique 4 (DN4) questionnaire (27)]. The presence of 
leg pain per se was not an exclusion criterion in the absence 
of signs and symptoms of neuropathic pain. Considering this 
study was planned as a feasibility and pilot RCT, no a priori 
sample size was calculated as recommended for this type of 
study (28). Nonetheless, considering α = 0.05 and β = 0.20, 
an effect size of d = 0.91 (objective 1) and a coefficient of 
correlation of r = 0.41 (objective 2) can be detected based on 
the study’s sample size.

The study was approved by the Ethics Research Committee 
of the Centre Intégré Universitaire de Santé et de Services 
Sociaux de la Capitale-Nationale (Project: # 2021-2227) in 
accordance with the Declaration of Helsinki. All participants 
provided their written informed consent prior to their inclu-
sion in the clinical trial.
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Randomization/Blinding

A random allocation sequence (1:1) was generated with the 
random function on an Excel file, stratified by sex and physical 
functioning (Oswestry Disability Index [ODI] cutoff = 20) in blocks 
of 4. A researcher not involved in the assessment and interven-
tions (CCP) carried out concealed allocation, assigned partici-
pants to an intervention group, and contacted each participant 
after the baseline evaluation to inform them of the location of 
the clinics to receive treatment. The evaluator of QST measures 
was blinded to participants’ allocation (AD). Participants were 
instructed not to discuss with the evaluator about the interven-
tion received, and the physiotherapist and the clinic consulted.

Interventions

Physiotherapists in each arm worked at two different sites 
of a private physiotherapy clinic (PhysioInteractive group, 
Quebec City, Canada—urban setting) to limit contamination. 
Physiotherapists from one site provided UP, while physiother-
apists from the other site provided PiP. UP included all inter-
ventions that a physiotherapist can provide in the province of 
Quebec (e.g., education, advice to stay active, exercises, manual 
therapy). PiP included UP along with a psychologically informed 
approach (12). Management strategies such as establishing 
common goals with the patient and therapeutic alliance, behav-
ior change model strategies, motivational interviews, education 
on pain neurophysiology, gradual exposure, and stress man-
agement techniques were used in PiP to mitigate psychosocial 
factors/barriers. Interventions are fully detailed elsewhere (24).

Outcomes

Quantitative sensory testing (QST)

Static and dynamic pain measurements were tested using 
standardized verbal instructions according to the recommen-
dations from the German Research Network on Neuropathic 
Pain (29). Static pain sensitivity was measured using the pres-
sure pain threshold (PPT) (30). PPTs were measured ipsilateral 
to the side of worst pain for the lower back and upper limb but 
contralateral to pain for the lower limb. If pain was central, it 
was considered as a right LBP. Three sites were tested: lumbar 
erector spinae (lumbar) muscles on the muscle bulk at 2-3 cm 
lateral to the L4-L5 interspinous space, tibialis anterior (lower 
limb) at one-third of the distance between the upper part of 
the head of the fibula and the lower part of the medial malle-
olus, and wrist flexors (upper limb) at one-third of the distance 
between the medial epicondyle and the styloid process of the 
radius. Participants were positioned supine for upper and lower 
limb measurements and prone for lumbar measurements. All 
anatomical landmarks were marked before measurement. The 
evaluator used a handheld digital algometer (1-cm2 probe—
FPIX, Wagner Instruments, Greenwich, CT, USA) to apply pres-
sure at a rate of ~0.5 kg/cm2/s. A one-minute break was taken 
between trials. The testing order was randomized. An average 
of three trials was used. The algometer can measure up to 
11 kg/cm2. Out of 720 measurements, 43 (5.97%) were above 
this limit and considered as 11 kg/cm2.

Dynamic pain sensitivity was measured using temporal 
summation of pain (TSP) (31) and EIH (5, 32). TSP is considered 

a proxy of the wind-up phenomenon and would represent the 
change in excitability of the spinal neurons (29). For TSP, three 
sites were tested, namely the L4-L5 interspinous space (lumbar),  
the dorsal part of the first cuneiform (lower limb), and the dorsal 
part of the capitate (upper limb). Participants were positioned 
in crooked lying for wrist and leg measurements and prone for 
lumbar measurements. The evaluator used a pinprick stimula-
tor (256 mN, MRC Systems GmbH, Heidelberg, Germany) for a 
series of ten punctuate stimuli at 1 Hz. The evaluator used a 
visual metronome out of the participant’s sight to respect the 
frequency of 1 Hz. A one-minute break was taken between the 
three trials. The average of the three trials was used. TSP was 
the difference between the pain rated on the numerical pain 
rating scale (NPRS—from 0 [no pain] to 10 [worst imaginable 
pain]) after ten stimuli and that after a single stimulus. TSP and 
PPT are reliable measurements (33,34).

EIH is characterized by a reduction in pain sensitivity fol-
lowing an acute bout of exercise (35,36) and is mediated by 
opioids and non-opioid mechanisms (e.g., endocannabinoid, 
serotoninergic) (36,37). To measure EIH, all PPT measurements 
were repeated after the performance of an isometric wrist con-
traction. Electromyography was used to standardize the level of 
muscle activation during wrist contraction by providing feed-
back to participants to ensure the consistency of contraction. 
An electromyographic wireless sensor (TrignoTM Wireless EMG 
System, Delsys, USA) was placed on the PPT landmark of the 
wrist flexors following SENIAM recommendations (38). The par-
ticipant was seated, elbow at 90°, the forearm was supinated 
and the wrist placed under the edge of a table to perform an 
isometric wrist flexion. Maximal voluntary contractions (MVC) 
of wrist flexion were measured three times with one-minute 
breaks between each trial. The highest trial, measured as peak-
to-peak, was retained as MVC. Then, an isometric wrist flexion 
contraction was maintained for 4 minutes at 25% MVC, and 
visual feedback was provided on a monitor. Two 5-s breaks were 
allowed for all participants if pain or fatigue was present (32,39).  
The percentage of change from post- to pre-contraction PPT 
measurements was calculated and represent EIH.

Patient-reported outcome measures 

As reported in the published article (24), many PROMs (e.g., 
pain intensity, physical functioning, pain catastrophizing) were 
measured to explore the effects of the intervention. Pain inten-
sity and physical functioning, which are the most widely used 
clinical outcomes, were used to represent clinical changes of 
participants with CLBP using the average pain intensity as mea-
sured with the NPRS in the last week and the Oswestry Disability 
Index (ODI) (40). For objective 2, the two latter measures were 
considered the primary outcomes. We also tested the associ-
ation between symptoms of central sensitization [measured 
using Central Sensitization Inventory [CSI] (41)] and QST mea-
sures, considering they have been hypothesized to represent 
overlapping, although different, constructs (42). Other PROMs 
were used to characterize the study sample and as covariates/
confounders in statistical analyses.

Statistical analysis

Sociodemographic data were compared with independent 
samples t-tests for interval variables, with Mann-Whitney 
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FIGURE 1 - CONSORT flowchart depicting the pilot randomized trial.

tests for ordinal variables, and with Chi-square tests for pro-
portion variables.

For objective 1, we used linear mixed models using Group 
(PiP, UP), Time (baseline, 6 weeks), and Group × Time as fixed 
factors, participants’ intercept as a random factor, and age 
and sex as covariates to explore the effect of the PiP com-
pared to UP on QST outcomes (PPT, EIH, TSP). A compound 
symmetry covariance matrix was used, and Sidak’s correc-
tions for multiple comparisons were applied. Intention-to-
treat analyses were used, i.e., each participant was analyzed 
in their allocated group.

Because analyses of the PROMs were published (24), no 
further statistical analyses on these outcomes are reported 
in this paper. Means and mean differences between 6-week 
follow-up and baseline were reported for pain intensity, 
physical functioning, and symptoms of central sensitization.

For objective 2, linear regressions were computed to deter-
mine if differences in QST were associated with differences 

in clinical profile by pooling the results from both groups. 
Differences between the 6-week follow-up and baseline data 
were measured for QST (ΔPPT, ΔEIH, ΔTSP) and clinical vari-
ables (ΔPain, ΔODI, ΔCSI). Outcomes (dependent variables) 
of linear regressions were ΔPain, ΔODI, ΔCSI. Independent 
variables were ΔPPT, ΔEIH, and ΔTSP at the different sites. 
Linear regressions were adjusted for potential confounders 
as self-reported age, sex, baseline pain catastrophizing scale 
and baseline symptoms of central sensitization. Potential con-
founders were selected based on potential causal influences 
with dependent and independent variables (43).

The mean and standard deviation are presented in the 
manuscript unless otherwise specified. A value of p < 0.05 
was considered statistically significant.

Results
Figure 1 depicts the CONSORT flow diagram of the study. 

Of the 291 potential participants assessed for eligibility,  
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TABLE 1 - Sociodemographic and baseline variables for both groups* 

UP (n = 19) PiP (n = 21) p-value
Age 33.1 (8.8) 35.8 (11.0) 0.41
Male, n (%) 10 (52.6) 12 (57.1) 1.00
LBP duration, n (%) 0.10
3-5 months 2 (11) 0 (0)
6-11 months 4 (21) 4 (19)
1-5 years 3 (16) 10 (48)
More than 5 years 10 (53) 7 (33)
Pain intensity (average last 7 days) 5.7 (2.0) 5.0 (1.9) 0.31

Physical functioning (ODI – range: 0-100) 27.1 (12.2) 23.9 (11.8) 0.41
Kinesiophobia (TSK-11 – range 11-44) 28.7 (8.1) 25.9 (7.4) 0.25
Pain catastrophizing (PCS – range: 0-52) 25.7 (8.5) 18.3 (10.8) 0.02
Symptoms of central sensitization (9-item CSI – 0-36) 20.7 (6.2) 17.6 (5.0) 0.09

*Data are presented as mean (SD) unless stated otherwise.
UP: Usual physiotherapy; PiP: psychologically-informed physiotherapy; LBP: low back pain; ODI; Oswestry Disability Index; TSK: Tampa Scale for Kinesiophobia; 
PCS: Pain Catastrophizing Scale; CSI: Central Sensitization Inventory.

40 were randomly allocated to one of the two groups (PiP or 
UP). In addition to the five participants who were lost at the 
6-week follow-up, baseline, follow-up data for EIH (low back 
and lower limb) for one participant was not available since it 
reached the limit of the algometer (11 kg²/cm) at each trial, 
impeding the measurement of PPT change. 

Sociodemographic and baseline data of participants

Sociodemographic variables and scores measured by 
self-reported questionnaires at baseline were compared 
between groups and presented in Table 1. Both groups were 
comparable on all variables (p < 0.05), except for pain cata-
strophizing, which was significantly higher for UP.

Quantitative sensory testing

Table 2 reports the estimated means and 95% confi-
dence intervals extracted from the linear mixed models 
for all quantitative sensory testing outcomes, in addition 
to the within-sample difference (p-values of the effect of 
time) and Group × Time interaction (p-values). Specifically, 
a Group × Time interaction was observed for TSP of the 
wrist flexors (F(1, 33.95) = 4.84; p = 0.04). However, pairwise 
comparisons did not detect differences between groups at 
baseline (0.06 [−0.89, 1.02]; p = 0.90) and at 6 weeks (−0.74 
[−1.73; 0.25]; p = 0.14), and within-group for PiP (0.5 [−0.0, 
1.0]; p = 0.051) or UP (−0.3 [−0.2, 0.9]; p = 0.26). No other 
interaction was detected (p > 0.10—Table 2). Main effects 
of time were observed for PPT of lumbar (F(1, 33.731) = 5.81;  
p = 0.02), lower limb (F(1, 34.61) = 8.85; p = 0.01), and upper 
limb (F(1, 35.19) = 6.36; p = 0.02) sites, meaning that PPT at 
all sites increased over time (reduced pain sensitivity) 
regardless of the group. No other main effect of time was 
detected for EIH (p > 0.48) or TSP (p > 0.47). Figure 2 dis-
plays the individual changes between baseline and 6-week 
follow-up of all the QST outcomes.

Patient-reported outcomes measures

Table 3 describes changes in PROMs between baseline 
and 6-week follow-up for physical functioning, pain intensity, 
and symptoms of central sensitization. Although no addi-
tional analyses were undertaken in the current manuscript, 
significant effects of time were observed without significant 
Group × Time interaction; the detailed analyses are reported 
elsewhere (24).

Linear regressions between QST and pain-related outcomes

Table 4 reports the results of the linear regressions 
between changes in pain sensitivity/modulation and changes 
in pain-related outcomes. Out of the 27 analyses, three were 
statistically significant. Specifically, there was a significant neg-
ative association between the change in lumbar PPT and the 
change in physical functioning, meaning that each increase of 
1 kg/cm² for lumbar PPT was associated with a reduction of 
2.36% on the ODI score (β = −2.36 [−4.25, −0.46]; p = 0.02). 
Also, significant positive associations were detected between 
the lumbar and lower limb TSP and changes in physical func-
tioning; a reduction of 1 point on TSP resulted in a reduction 
of 3.50% and 3.10% on ODI score, respectively (lumbar TSP: 
β = 3.50 [1.01, 6.00]; p = 0.01; foot TSP: β = 3.10 (0.38, 5.82); 
p = 0.03). No other significant associations were observed.

Discussion
The first objective of this study was to explore the effects 

of PiP and UP on pain sensitivity and modulation variables 
using PPT, EIH, and TSP. We observed an increase in PPTs at 
6 weeks regardless of the interventions, suggesting a wide-
spread induced hypoalgesia without superiority of a phys-
iotherapy approach. These findings refute our hypothesis 
that PiP would have a larger influence on pain sensitivity and 
modulation variables. The second objective was to determine 
if changes in pain sensitivity and modulation were associated 
with changes in pain and physical functioning. Significant 
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FIGURE 2 - Individual pain sen-
sitivity (PPT) and modulation 
(TSP, EIH) variable changes 
(baseline to 6 weeks) at the 
low back, lower limb, and up-
per limb sites for both physio-
therapy approaches. Note the 
increase in PPTs detected in 
both groups. PPT: pressure 
pain threshold; EIH: exercise-
induced hypoalgesia; TSP: 
temporal pain summation; 
PiP: psychologically-informed 
physiotherapy; UP: usual 
physiotherapy.

TABLE 2 - Estimated means, estimated mean differences, 95% confidence interval, and p-values for quantitative sensory testing measures

PiP UP ΔUP – 
ΔPiP*

Interaction
(p-value)

Within-
sample 

difference¥

Time 
effect

(p-value)
Baseline 6 weeks ΔPiP Baseline 6 weeks ΔUP

PPT (kg/cm²)
Lumbar 5.0  

[3.9, 6.1]
5.3  

[4.2, 6.4]
0.3  

[-0.5, 1.1]
3.6  

[2.5, 4.8]
5.0  

[3.9, 6.1]
1.3  

[0.2, 2.0]
1.0 0.16 0.7  

[0.1, 1.3]
0.02

Lower limb 4.8  
[3.9, 5.7]

5.4  
[4.5, 6.3]

0.6  
[-0.1, 1.3]

4.2  
[3.2, 5.1]

5.0  
[4.0, 6.0]

0.9  
[0.1, 1.6]

0.3 0.60 0.7  
[0.2, 1.2]

0.01

Upper limb 3.2  
[2.5, 4.0]

3.4  
[2.7, 4.2]

0.2  
[-0.4, 0.8]

2.5  
[1.7, 3.3]

3.4  
[2.6, 4.3]

0.9  
[0.3, 1.6]

0.7 0.10 0.6  
[0.1, 1.0]

0.02

EIH (% of change)
Lumbar 3.8  

[–7.9, 15.4]
1.6  

[–10.3, 13.6]
–2.1  

[–16.1, 11.9]
14.3  

[2.3, 26.3]
15.3  

[2.0, 28.6]
1.0  

[–14.2, 16.3]
3.1 0.76 –0.5  

[–10.9, 9.8]
0.92

Lower limb 7.4  
[–3.0, 17.8]

–3.1  
[–13.7, 7.6]

–10.5  
[–24.2, 3.1]

4.6  
[–6.1, 15.3]

8.1  
[–3.9, 20.0]

3.5  
[–11.3, 18.3]

14.0 0.17 –3.5  
[–13.6, 6.6]

0.48

Upper limb 8.2  
[–3.3, 19.7]

5.7  
[–6.1, 17.4]

–2.5  
[–18.3, 13.2]

9.2  
[–2.8, 21.3]

5.4  
[–8.2, 19.0]

–3.9  
[–21.3, 13.6]

1.4 0.91 –3.2  
[–15.0, 8.6]

0.59

TSP

Lumbar 2.0  
[1.4, 2.7]

2.3  
[1.6, 2.9]

0.2  
[–0.5, 0.8]

2.4  
[1.4, 2.7]

1.9  
[1.1, 2.6]

–0.6  
[–1.3, 0.2]

–0.8 0.13 –0.2  
[–0.7, 0.3]

0.47

Lower limb 2.5  
[1.8, 3.2]

2.5  
[1.8, 3.2]

0.0  
[–0.7, 0.7]

2.0  
[1.2, 2.7]

1.9  
[1.1, 2.7]

–0.0  
[–0.8, 0.7]

–0.1 0.90 –0.0  
[–0.5, 0.5]

0.95

Upper 
limb

1.9  
[1.2, 2.5]

2.4  
[1.7, 3.0]

0.5  
[–0.0, 1.0]

1.9  
[1.2, 2.6]

1.6  
[09, 2.3]

–0.3  
[–0.2, 0.9]

–0.8 0.04 0.1  
[–0.3, 0.5]

0.65

*ΔUP – ΔPiP:  Between-group difference at 6 weeks; ¥ Within-group difference of the whole sample (Post – pre).
PiP: psychologically-informed physiotherapy; UP: usual physiotherapy; ΔPiP: Within-group difference (Post-pre) for PiP; ΔUP: Within-group difference (Post-pre) 
for PiP; PPT: Pain pressure threshold; EIH: Exercise-induced hypoalgesia; TSP: Temporal summation of pain.
Bold indicates significant p-values.
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TABLE 3 - Trajectories of physical functioning, pain, and symptoms of central sensitization scores at baseline and 6-week follow-up [mean (SD)]

PiP UP Within sample 
differenceBaseline 6 weeks ΔPiP Baseline 6 weeks ΔUP

Physical functioning 23.9 (11.8) 16.8 (10.4) –7.1 (9.6) 27.1 (12.2) 21.9 (14.8) –8.4 (9.4) –6.3 (10)

Pain intensity 5.0 (1.9) 3.1 (2.0) –2.1 (2.1) 5.7 (2.0) 3.7 (2.1) –1.8 (2.2) –2.0 (2.1)

Symptoms of central sensitization 17.6 (5.0) 15.2 (6.4) –2.3 (5.7) 20.7 (6.2) 15.7 (7.2) –4.3 (6.1) –3.2 (5.9)

PiP: Psychologically-informed physiotherapy; UP: Usual physiotherapy; ΔPiP: Within-group difference (Post-pre) for PiP; ΔUP: Within-group difference (Post-pre) 
for PiP; SD: standard deviation.
Note that all scores were significantly different at 6 weeks compared to baseline (see Desgagnés et al., 2024).

TABLE 4 - Results of linear regressions (unstandardized β coefficient adjusted for age, sex, CSI baseline, and PCS baseline [95% confidence 
interval]) between pain sensitivity/modulation changes and clinical changes

ΔPain ΔODI ΔCSI

ΔPPT 

Lumbar β = –0.31 (–0.73, 0.11); p = 0.15 β = –2.36 (–4.25, –0.46); p = 0.02 β = –0.09 (–1.15, 1.32); p = 0.88

Lower limb β = 0.06 (–0.48, 0.60); p = 0.83 β = –1.05 (–3.52, 1.43); p = 0.39 β = –0.39 (–1.85, 1.08); p = 0.59

Upper limb β = –0.27 (–0.85, 0.31); p = 0.35 β = –2.46 (–5.08, 0.16); p = 0.07 β = –0.35 (–1.98, 1.29); p = 0.67

ΔEIH

Lumbar β = 0.01 (–0.020, 0.036); p = 0.58 β = –0.01 (–0.14, 0.12); p = 0.90 β = –0.02 (–0.09, 0.06); p = 0.69

Lower limb β = 0.01 (–0.016, 0.037); p = 0.41 β = 0.05 (–0.08, 0.17); p = 0.44 β = 0.03 (–0.04, 0.11); p = 0.35

Upper limb β = –0.01 (–0.030, 0.017); p = 0.56 β = 0.02 (–0.10, 0.13); p = 0.74 β = 0.002 (–0.07, 0.07); p = 0.95

ΔTSP

Lumbar β = 0.53 (–0.02, 1.07); p = 0.06 β = 3.50 (1.01, 6.00); p = 0.01 β = 1.15 (–0.45, 2.76); p = 0.15

Lower limb β = 0.26 (–0.31, 0.83); p = 0.36 β = 3.10 (0.38, 5.82); p = 0.03 β = 0.05 (–1.70, 1.79); p = 0.96

Upper limb β = –0.11  (–0.83, 0.62); p = 0.76 β = 0.01 (–3.62, 3.64); p = 1.00 β = –0.85 (–2.96, 1.25); p = 0.41

CSI: Central sensitization inventory; PCS: Pain catastrophizing scale; ODI: Oswestry disability index; PPT: Pressure pain threshold; EIH: Exercise-induced hypoal-
gesia; TSP: Temporal summation of pain; Δ: score at 6 weeks minus score at baseline.
Bold and italic: p < 0.05.

associations between differences in physical functioning and 
(i) PPT in the lumbar region, (ii) TSP in the lumbar region, 
and (iii) TSP at the lower limb were observed. However, no 
association with changes in pain intensity or symptoms of 
central sensitization was detected. These findings tend to 
dispute the hypothesis that changes in sensitivity/modula-
tion variables are associated with clinical changes for most 
variables collected, with the exception of physical function-
ing. Nonetheless, this is important to consider that this is 
an exploratory study with a small sample size, and findings 
need to be interpreted with caution and replicated in future 
research.

The lack of PiP superiority over UP to influence pain sen-
sitivity and modulation may appear surprising, considering 
that PiP—including pain neuroscience education—suggests a 
“desensitization” effect in chronic pain (17,20). Nonetheless, 
the literature specific to CLBP is scarce and only a few clinical 
trials reported the effects of PiP on pain sensitivity. Bodes 
Pardo et al., (2018) (2018) (21) reported an increase in PPT 

in favor of pain neuroscience education combined with ther-
apeutic exercise compared to therapeutic exercise alone in 
participants with CLBP. Pain neuroscience education aims to 
modify beliefs through pain reconceptualization (44) and is 
commonly included in PiP. Furthermore, Cognitive Functional 
Therapy in patients with severe CLBP increased back PPT in 
a single-arm clinical trial (45). Cognitive Functional Therapy 
is an approach consistent with PiP (14). However, due to 
the absence of a control group, it is not possible to deter-
mine if the increase was caused by the intervention (45). 
Another RCT, but in participants with knee osteoarthritis 
(46), reported no superiority of pain neuroscience educa-
tion over biomedical education plus knee mobilization; both 
interventions increased PPTs and did not influence other QST 
measurements. Although the literature seems to support an 
increase in PPTs following PiP, other approaches also increase 
them. Indeed, both manual therapy and exercises, which 
were the core of the UP group, are known to reduce pain sen-
sitivity. Meta-analyses observed that exercise (23) and spinal 
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manipulation (22) significantly increase PPTs. Thus, discrep-
ancies between our results and those from Bodes Pardo et al.,  
(2018) (21) could be explained by the presence of both 
manual and exercise therapies in UP. Different mechanisms 
may explain this intervention-induced hypoalgesia (i.e., an 
increase in PPTs). For example, exercises may (i) normalize 
the alteration in areas of the central nervous system con-
tributing to pain processing via neuroplasticity, (ii) reduce 
nociception related to spine microtrauma via improved 
motor control, or (iii) indirectly modify psychological risk 
factors (e.g., reduction in fear of movement) (23). Similarly, 
spinal manipulation was suggested to activate pain modula-
tion mechanisms at both spinal and supraspinal levels (22). 
Considering that both physiotherapy approaches comprised 
(i) manual and exercise therapies and (ii) may have influ-
enced psychological factors directly (PiP) or indirectly (UP), 
it is possible that overlapping mechanisms may have contrib-
uted to the increase in PPTs. Overall, our results suggest that 
both physiotherapy approaches may reduce pressure pain 
sensitivity. Nonetheless, the exploratory nature of the study 
and the few numbers of studies published in the area pre-
clude any clinical recommendations on the most appropriate 
intervention to influence pain sensitivity. If future powered 
RCTs confirm our findings, it may suggest that different phys-
iotherapy approaches (exercise, manual therapy, pain edu-
cation, etc.) may be used to reduce pain sensitivity if this is a 
specific therapeutic objective.

Despite the fact that PPTs were increased following 
both interventions, no effect was observed for TSP or EIH. 
Although PPT is the QST measurement that is most often 
used as a pain sensitivity proxy, some studies tested the 
effects of various interventions on other QST measurements. 
In contrast to our results, a systematic review suggested that 
physiotherapy interventions may influence various types of 
QST measurements (e.g., TSP, conditioned pain modulation) 
(47). For example, spinal manipulation reduced TSP more 
than stationary bicycle in patients with CLBP (48). These 
discrepancies could be explained by the different types of 
paradigms used. For example, most studies included in the 
systematic review used a suprathreshold heat response 
consisting of rating pain intensity following repeated heat 
stimuli (47). In contrast, we used a pinprick to measure TSP. 
Other reasons for discrepancies could be related to different 
clinical populations recruited or the time elapsed between 
measurements. EIH was not included as an outcome in the 
meta-analysis. In a recent study, we demonstrated that EIH 
was absent in participants with CLBP (5). In contrast, our 
sample of participants with CLBP seemed to present with 
“normal” EIH (i.e., hypoalgesia was present at baseline for 
most sites). This difference might be explained by the low 
reliability of EIH, which may, therefore, be less suitable for 
use as an outcome (49).

For the second objective, aiming to determine the asso-
ciations between changes in PROMs and in pain sensitiv-
ity and modulation variables, we observed that changes 
in PPT and TSP were associated with changes in physical 
functioning but not in pain intensity. The absence of signif-
icant associations with pain remains intriguing. We could 
speculate that the reduction in pain sensitivity following 

both physiotherapy approaches allowed participants to re- 
engage in everyday life activity and then improve their 
physical functioning. For example, a study of participants 
with knee osteoarthritis observed significant correlations 
between TSP at the knee and sensitivity to physical activ-
ity (50). Although indirect evidence, it is possible that pain 
sensitivity variables such as TSP may be related to sensi-
tivity during activity and influence physical functioning. To 
our knowledge, only a few studies tested the associations 
between changes in pain sensitivity and PROMs and did 
not identify significant associations. For instance, Nim et al.  
(2021) (50) reported no significant association between 
changes in QST variables and clinical improvement out-
comes following spine manipulation in participants with LBP. 
Similarly, Palsson et al., 2021 (51) did not report any correla-
tions between changes in PROMs and in QST measurements 
following a rehabilitation program, including exercises, even 
though pain and physical functioning both improved. Thus, 
high discrepancies are present, making it difficult to inter-
pret our results. Our hypothesis explaining the influence 
of pain sensitivity on physical functioning underlies causal 
influence which cannot be ascertained with the current 
analyses. Also, the small proportion of significant associa-
tions between changes in clinical outcomes and QST can be 
explained by the large number of statistical analyses done 
(type I error). Further studies with larger sample sizes and 
additional analyses are necessary to confirm that change in 
pain sensitivity could be a mediator of the improvement in 
physical functioning.

Another interesting finding is the absence of a correla-
tion between changes in pain sensitivity and modulation 
variables and changes in symptoms of “central sensitization.” 
This highlights the contrast in the constructs between QST 
and CSI; sensitization to nociceptive/somatosensory stimuli 
as measured with QST does not grasp the whole construct 
measured by the CSI. While certain aspects may appear anal-
ogous, CSI encompasses a wider range of symptoms typically 
observed in patients with features of “central sensitization” 
associated with a general hypersensitivity to various sen-
sory stimuli (e.g., sound, odor), general health (e.g., gastro- 
intestinal, dermatology) and lifestyle behaviors (e.g., sleep). 
This is in line with a study demonstrating low or no associa-
tion between CSI scores and PPT and conditioned pain mod-
ulation, respectively (42).

Limitations

The current study has limitations that must be consid-
ered when interpreting our results and their applicability 
to clinical settings. First, the small sample size limits the 
statistical power of our analyses, and our results should be 
interpreted cautiously. Second, the absence of a “placebo” 
or minimal intervention group precludes a definitive deter-
mination of whether the increased PPTs were attributable 
to the interventions received or the natural trajectory of 
pain sensitization in CLBP patients. For example, reliabil-
ity analyses showed that PPT could increase at the second 
measurement within a single session (34), even though esti-
mated PPT changes were superior to the minimal detectable 
changes (33). 
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Conclusions
Usual and psychologically informed physiotherapy appro-

aches elicited widespread hypoalgesia after 6 weeks of 
treatment as measured by PPTs, but not for the TSP or EIH. 
In addition, changes in pain sensitivity (e.g., PPT and TSP) 
were associated with changes in physical functioning but not 
in pain intensity. Contrary to initial expectations, our study 
suggests that neither approach demonstrated a significant 
advantage over the other to impact pain sensitivity. Future 
studies with a larger sample size and including a “minimal 
intervention” group may help to determine if the hypoalgesia 
induced by physiotherapy approaches is caused by physio-
therapy interventions or if it is associated with the natural 
evolution of pain sensitivity over time.
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