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Chronic back pain (CBP) is a global health problem with significant health

and economic consequences. Traditional analgesics are often no better than

placebo, highlighting the need for biopsychosocial approaches. Open-label

placebos (OLPs), administeredwith patient consent, o�er a promising alternative.

Existing research has mainly focused on the e�ects of OLP treatments on

patient-reported outcomes. In a previous randomized controlled trial (RCT),

we investigated whether an OLP treatment improves subjective and objective

outcomes such as spinalmobility in CBP patients. The analysis showed significant

reductions in pain intensity, disability, and depressive symptoms after OLP

combined with treatment-as-usual (TAU). However, objective improvements

in spinal mobility were not observed. In this exploratory analysis, we

aimed to identify predictors of objective improvement after OLP treatment.

Psychological factors (e.g., depression, stress, and pain catastrophizing) and

baseline physiological measures were analyzed using generalized linear models.

Results showed that patients with lower pain catastrophizing exhibited increased

spinal motion velocity in the OLP+TAU group, while those with higher pain

catastrophizing did not. These findings suggest that OLP treatment may provide

measurable benefits for a specific subset of patients, supporting its potential

as a personalized intervention in managing CBP. Further research is needed

to confirm these findings and to elucidate the role of psychological factors in

chronic pain management.
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Introduction

Chronic back pain (CBP) is defined as back pain that persists for more than 12 weeks

even after treating the underlying cause or injury, develops in ∼5–10% of all cases of

back pain, and represents one of the most common and recurrent musculoskeletal pain

conditions (Ehde et al., 2014). Approximately 9% of the adult population worldwide suffers

from CBP, with prevalence increasing with age (Meucci et al., 2015). Worldwide, CBP is
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the second leading cause of disability and represents a significant

health and economic burden (Ferreira et al., 2023). Treatment of

CBP often requires a multidisciplinary approach that incorporates

the biopsychosocial model of pain, as this condition frequently

responds poorly to monotherapy with analgesics (Ehde et al.,

2014). In line with this, several commonly prescribed therapies

for CBP have been shown to be either marginally or no more

effective than placebo controls in double-blind, randomized clinical

trials (Machado et al., 2015; van der Gaag et al., 2020), implying

that placebo responses in these RCTs may be substantial, and go

beyond natural fluctuation of symptoms or regression to the mean

(Kaptchuk and Miller, 2015; Skyt and Vase, 2016).

Placebo effects refer to the improvement of health outcomes

resulting from a patient’s involvement in the therapeutic experience

rather than the treatment itself. How patients perceive the

surrounding psychosocial treatment context induces placebo effects

through expectations and conditioning. By shaping a conceptual

image of upcoming sensory events, expectations can significantly

influence the neural processes of perceiving actual sensory stimuli

(Petrie and Rief, 2019). Moreover, unconscious conditioning

happens when contextual cues (e.g., taste, shape, color of the pill,

or the decoration of the therapeutic milieu) serve as conditioned

stimuli. These cues can elicit clinical improvements after being

repeatedly paired with an unconditioned stimulus, like an active

drug (Jensen et al., 2015). However, leveraging placebo effects

in treatment settings (e.g., through placebo pills) presents an

ethical challenge for clinicians, as traditional practice assumes

that deception is required for placebos to produce beneficial

effects. This involves misleading patients by presenting fake pills as

actual medication or prescribing active medication with no known

efficacy for the underlying condition (e.g., vitamin supplements for

pain), violating patients’ autonomy and the concept of informed

consent (Enck et al., 2013).

In response to these concerns, open-label placebos (OLPs)

have emerged as a promising alternative to harness placebo effects

in clinical settings. Administered openly to patients, OLPs can

induce placebo effects transparently, without deception, and offer

a viable and ethical option for harnessing placebo effects for the

treatment of chronic and functional conditions (Blease et al., 2020).

Indeed, emerging evidence supports the efficacy of OLPs in various

clinical conditions, particularly for episodic (i.e., migraine) or

chronic pain (i.e., irritable bowel syndrome, chronic back pain).

In a large, randomized treatment-as-usual (TAU) controlled trial

with N = 122 patients suffering from CBP, we demonstrated the

efficacy of a 3-week OLP treatment as an add-on to TAU (Kleine-

Borgmann et al., 2019). After 3 weeks, OLPs led to a significant

reduction in pain intensity (d = 0.44), subjective disability (d

= 0.45), and depressive symptoms (d = 0.5). Noteworthy, the

OLP-associated improvement in back pain was comparable with

the reported efficacy of a commonly prescribed analgesic, i.e.,

etoricoxib (d = 0.32; Birbara et al., 2003). Within the group treated

with OLPs, pain reduction and improved subjective disability

persisted for up to 3 months of follow-up. Interestingly, there was

no OLP-associated change in objective parameters, such as range

or velocity of spine motion. These results were confirmed in a

meta-analysis by von Wernsdorff et al. (2021), who reported an

overall significant effect of OLPs compared with no treatment in 11

clinical trials involving patients suffering frommigraine, back pain,

allergic rhinitis, cancer-related fatigue, menopausal hot flashes, and

attention-deficit hyperactivity disorder.

However, the mechanisms underlying OLP efficacy across

different conditions are not fully understood. A growing body

of evidence recently highlighted the importance of expectations

(Buergler et al., 2023) and distinguished shared as well as distinct

neurobiological underpinnings of OLPs and “traditional” placebos

(Benedetti et al., 2023; Schaefer et al., 2022). Furthermore, it has

been proposed that OLP may work through specific psychological

traits, such as openness to experience, flexibility of thought,

extraversion, hope, and curiosity, which contribute to how the

patients cope with their symptoms (Haas et al., 2022; Kaptchuk

et al., 2020). Importantly, research also suggests that placebo

responses may differ between healthy participants and chronic

pain patients due to variations in treatment expectations and

underlying neurobiological mechanisms (Rossettini et al., 2023). In

this exploratory analysis of our previously published trial showing

OLP efficacy in CBP, we aim to identify psychological factors that

contribute to the effect of a three-week OLP treatment on (semi-

)objective outcomes, i.e., range and velocity of motion as well as

measures of pain-related disability and quality of life. Given the

limited prior research on psychological predictors of OLP efficacy

in objective disability parameters, this study should be considered

hypothesis-generating rather than hypothesis-confirming.

Methods

Design

This study is a secondary analysis of data acquired in a

parallel-group randomized treatment-as-usual (TAU) controlled

trial following a pretest-posttest design. The objective was to

evaluate the impact of a 3-week OLP treatment in addition to TAU

on pain intensity, wellbeing, functional disability, and objective

spine movement for patients with CBP. The parent study also

included an exploratory follow-up period of 3 months. A 3-year

follow-up analysis of data collected in the original trial is also

available but is not included in this secondary analysis (Kleine-

Borgmann et al., 2023). Ethical and regulatory approvals were

obtained from the local ethics committee of the Medical Faculty

of the University of Duisburg Essen (16-7218-BO). The trial was

conducted at the Essen Back Pain Center, University Hospital

Essen, Essen, Germany, betweenMarch 27, 2017, andMay 29, 2018,

following the Declaration of Helsinki. The study design as well

as the initial analysis plan were registered at the German Clinical

Trials Center (Study ID DRKS00012712) on July 12, 2017 (updated

onApril 7, 2018) andwere also described in detail in the publication

of the primary findings (Kleine-Borgmann et al., 2019).

Study population

A total of 122 patients suffering from CBP participated in

the parent study. Patients were recruited either at the Essen Back

Pain Center or through regional advertisements. The eligibility
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criteria included persistent back pain of a minimum duration of 12

weeks and age >18 years. Patients with any history of malignancy

within the past 5 years, neurological deficits, any severe psychiatric

disorder, or reporting a clinically non-significant pain (referred

to as a mean pain intensity <4 on an 11-point numeric rating

scale (NRS) a week before baseline) were excluded. The dose and

frequency of established TAU at the time of enrolment had to

remain stable for 3 weeks before screening and throughout the

study. All patients gave written informed consent and received

monetary compensation for their participation.

Intervention

Before the informed consent procedure, standardized

information about the placebo effect and the potential benefit of

OLP was provided using a video, as reported and provided in the

supplementary content of the initial publication (Kleine-Borgmann

et al., 2019). Subsequently, all patients were randomly allocated in

a 1:1 ratio to one of the experimental groups: (1) OLP in addition

to TAU (n = 63, OLP+TAU group) and (2) TAU only (n = 59,

TAU group). Due to the nature of OLP trials, patients were not

blinded to the group allocation. To improve compliance and

overcome possible negative effects arising from the allocation to

the control group (e.g., disappointment), participants in the TAU

group were offered the opportunity to receive OLPs upon the

completion of the study. Patients in the OLP+TAU group received

OLP capsules twice daily for 21 days in addition to their stable

TAU. All OLP capsules were white gelatine capsules containing

microcrystalline cellulose (Zeebo Effect R©, LLC, South Burlington,

Vermont, USA). Patients were instructed that the capsules contain

no active ingredient. Capsule intake was documented daily in a

patient diary. A blinded examiner carried out the assessments of

outcome measures, and patients were asked to keep their group

allocations confidential when in contact with blinded staff.

Outcome measures

The primary outcome of the parent trial was pain intensity,

measured as a composite pain intensity score [mean of minimum,

maximum, and average pain intensity during the last seven days

on an 11-point NRS (0–10, anchors: “no pain at all”–“unbearable

pain”)] (Carvalho et al., 2016) and recorded by the patients in

a patient diary at baseline (day 0), day 11, and day 21 after

randomization. A two-point reduction in NRS scores in chronic

pain is considered a minimal clinically important difference

(MCID; Farrar et al., 2001).

Secondary outcomes included both subjective and objective

measures of pain-related disability. The Oswestry Disability Index

(ODI) assesses perceived disability across 10 predefined domains

of activities of daily living (i.e., personal care, lifting, sitting,

standing, sleeping, sexual function, social life, and traveling), thus

detecting everyday functional limitations due to CBP (Fairbank

et al., 1980). A six to ten point reduction in ODI scores is

considered minimally clinically important (Hung et al., 2018).

In addition to the ODI, the Patient-Specific Functional Scale

(PSFS) was used to identify and quantify functional impairments

in activities critical to the individual patient that might not be

covered by other standardized questionnaires (Stratford et al.,

2009). A reduction of 1.4 points on the PSFS in chronic back pain

patients is considered clinically meaningful (Maughan and Lewis,

2010). Objective measures of pain-related disability comprised the

range and velocity of spinal motion and the Back Performance

Scale (BPS), providing quantifiable data on physical function

with a high test-retest reliability (Strand et al., 2002). Hereby,

the velocity of motion (VoM) and range of motion (RoM)

were recorded by the Epionics SPINE system (Epionics Medical

GmbH; Epionics SPINE, Berlin, Germany; Consmüller et al.,

2012; Taylor et al., 2010). This system consists of two sensors

attached to the right and left Spina Iliaca Posterior Superior

and running parallel to the lumbar spine, measuring the surface-

bending movements. With the help of acceleration sensors on

both ends, they also measured the direction in relation to gravity.

The Back Performance Scale provides a standardized protocol in

which a blinded experimenter rates five predefinedmobility-related

activities (i.e., sock test, pick-up test, roll-up test, lift test, and

fingertip-to-floor distance), with higher scores indicating a more

impaired physical performance (Consmüller et al., 2012; Vaisy

et al., 2015). We employed the Veterans RAND 12-Item Health

Survey (VR-12) to assess health-related quality of life to quantify

a physical and mental component score (VR-12-PCS and VR-12-

MCS, respectively). This enables the identification of functional

limitations and deficits in wellbeing associated with chronic pain

(Selim et al., 2009).

Potential predictors of OLP efficacy comprised self-reported

measures of depression, anxiety, and stress, assessed using the

Depression Anxiety Stress Scales (DASS; Lovibond and Lovibond,

1995). Pain-related catastrophizing was evaluated using the Pain

Catastrophizing Scale (PCS), a 13-item scale measuring the

extent of catastrophic thinking triggered by pain (Sullivan et al.,

1995a). Exploratory outcomes focused on treatment credibility

and expectancy within the OLP+TAU group, which we assessed

using the Credibility/Expectancy Questionnaire, a 6-item, easy-

to-administer scale used in clinical trials to measure treatment

expectancy and credibility.

In this exploratory analysis, we focused primarily on pain-

related disability in CBP and its impact on quality of life,

as measured by objective measures of spinal mobility (VoM,

RoM, and BPS), perceived disability in activities of daily living

(ODI, PSFS, BPS), and health-related quality of life (VR-12 PCS

and MCS).

Statistical analysis

Statistical analyses were performed using the software R (The R

Project for Statistical Computing, Version 3.4.1, The R Foundation,

https://www.r-project.org/) and standardized statistical packages

of RStudio (RStudio 2023: Integrated Development Environment

for R. Posit Software, PBC, Boston, MA, USA, http://www.

rstudio.com/). The significance level was set at p<0.05. Outcome

measures included pain-related disability (ODI, PSFS, BPS),

quality of life (VR-12 PCS and MCS), and objective measures of
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spinal mobility (VoM, RoM). Pairwise Pearson correlations were

calculated to examine the relationship between pain intensity,

pain-related disability (ODI, PSFS), motion characteristics (range

and velocity of motion), and the scores of behavioral scales

(PCS, DASS). In the light of the correlation analysis, the

post-treatment time points (day 21) for all disability measures

were tested for differences between factors (OLP+TAU vs.

TAU) using a generalized linear model (GLM). The interaction

between PCS and treatment was included as a predictor in

the model. Pretreatment values were included in the model

as a covariate. Separate GLMs, including Body Mass Index

(BMI) as a covariate, were performed as sensitivity analyses (see

Supplementary material). Estimated parameters are given in mean

± standard error.

Results

Participant characteristics

The statistical analyses included 122 patients with chronic

back pain (CBP) who completed the trial (OLP+TAU: N = 63,

TAU: N = 59). The OLP+TAU group differed significantly from

the TAU group only in terms of body mass index (see Table 1).

Detailed group characteristics were reported in the publication of

the parental trial (see Kleine-Borgmann et al., 2019 for details).

Baseline predictors

We conducted separate GLMs to explore how baseline levels of

depression, anxiety, stress, and pain-related catastrophizing predict

group-dependent changes in (semi-)objective outcomes such as

disability and spinal motion. Additionally, we investigated how

treatment credibility and expectancy influenced these outcomes

in the OLP-treated group. The analyses revealed that only

the model, including pain catastrophizing (PCS), produced

significant findings across multiple outcomes, such as velocity

of motion (VoM), pain-related disability (ODI), and quality of

life (VR-12).

Pain catastrophizing and spinal mobility

The effect of PCS on velocity of motion on day 21 was

negative [estimate = −0.028 ± 0.010, t(104) = −2.737, p = 0.007]

with a small-to-moderate effect size (d = 0.27). This indicates

that improved spinal mobility due to OLP+TAU treatment

was associated with lower pain catastrophizing at baseline.

The strongest predictor of velocity of motion following OLP

treatment was the baseline velocity of motion score, reflecting

that the initial velocity of motion is a crucial determinant

of subsequent outcomes [estimate = 0.912 ± 0.069, t(104)

= 13.267, p < 0.001]. In contrast, baseline PCS did not

influence the effect of OLP treatment on range of motion

[estimate = −0.008 ± 0.009, t(104) = −0.862, p = 0.391, d

=−0.085).

Pain catastrophizing and pain-related
disability

Patients with higher PCS scores at baseline who were allocated

to the OLP+TAU group demonstrated a trend toward a lower

subjective functional disability on day 21 [estimate = −0.248 ±

0.149, t(105) = −1.666, p = 0.099, d = 0.16]. The GLM analysis

also showed a significant positive main effect of baseline PCS on

ODI scores across groups [estimate = 0.386 ± 0.120, t(105) =

−3.221, p = 0.002] with a small-to-moderate effect size (d =

0.31). That is, higher levels of pain catastrophizing are associated

with higher subjective functional disability, irrespective of the

administered treatment. Once more, the baseline scores were the

strongest predictor of the scores at day 21 (estimate = 0.637 ±

0.073, p <0.001). Baseline PCS scores did not influence PSFS or

BPS significantly on day 21.

Pain catastrophizing and quality of life

PCS scores did not have a significant impact on OLP efficacy

in terms of mental or physical health status on day 21 compared

to TAU. However, higher PCS scores at baseline were associated

with lower physical health outcomes [estimate of −0.184 ± 0.079,

t(103)=−2.310, p= 0.023] and mental health outcomes [estimate

= −0.262 ± 0.113, t(103) = −2.325, p = 0.022] independent of

the treatment allocation. The effect sizes were small (d = 0.22 and

d = 0.23, respectively). Again, baseline scores were the strongest

predictor of follow-up scores [estimate = 0.860 ± 0.058, t(103) =

9.079, p < 0.001 and estimate = 0.637 ± 0.070, t(103) = −2.310, p

<0.001; Figure 1].

Discussion

This study presents the findings of a secondary analysis of

a large randomized controlled trial that involved 122 patients

suffering from chronic back pain, which evaluated the efficacy

of adding a 3-week open-label placebo (OLP) treatment to

treatment-as-usual (TAU) for chronic back pain. The original

study demonstrated that combining OLP with standard treatment

significantly improved subjective rather than objective outcomes.

In particular, OLP+TAU reduced pain intensity, subjective reports

of functional disability, and symptoms of depression. However,

there was no effect on objective spinal mobility, i.e., range and

velocity of motion (Kleine-Borgmann et al., 2019). This exploratory

analysis aimed to identify psychological factors contributing to

OLP efficacy on (semi-)objective outcomes such as spinal mobility,

pain-related disability, and quality of life.

Across different psychological baseline variables, we identified

pain catastrophizing, assessed by the Pain Catastrophizing Scale

(Sullivan et al., 1995a), as a significant predictor of OLP-associated

changes in spinal velocity of motion and functional disability, i.e.,

ODI. Specifically, patients with lower levels of pain catastrophizing

at baseline, who were administered OLP in addition to TAU,

exhibited enhanced spinal mobility in terms of movement velocity

by day 21 compared to those who received TAU alone. Conversely,

higher levels of pain catastrophizing at baseline were linked to
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TABLE 1 Patient characteristics.

Characteristic TAU group
N = 59

OLP+TAU group
N = 63

p

Demography

Male 18 (30.5) 28 (44.4) 0.161

Age (in years) 58.37 (13.97) 60.29 (15.15) 0.471

Education (in years) 9.25 (2.51) 8.63 (2.42) 0.371

Body-Mass-Index (in kg/m2) 25.72 (5.08) 28.19 (5.37) 0.010

Severity of chronic pain (Von Korff Grade, %; Von

Korff et al., 1992)

0.148

Grade I, low disability-low intensity 12 (38.7) 13 (34.2)

Grade II, low disability-high intensity 0 (0) 0 (0)

Grade III, high disability-moderately limiting 8 (25.8) 4 (10.5)

Grade IV, high disability-severely limiting 11 (35.5) 21 (55.3)

Composite pain intensity score (NRS 0–10) 4.91 (1.97) 5.25 (1.95) 0.341

Spinal mobility

Range of spinal motion (z-transformed, mean, SD) 0.10 (0.72) −0.08 (0.69) 0.161

Velocity of spinal motion (z-transformed, mean, SD) −0.05 (0.72) −0.07 (0.83) 0.876

Disability

Oswestry disability index (in %) 30.17 (12.86) 29.40 (13.12) 0.745

Patient specific functional scale 3.84 (2.04) 4.18 (2.04) 0.359

Back performance scale 4.19 (3.57) 4.70 (3.71) 0.444

Quality of life

VR-12 physical component score 34.33 (10.43) 34.31 (9.75) 0.994

VR-12 mental component score 47.07 (12.18) 49.87 (10.62) 0.180

Psychological factors

Pain catastrophizing scale (mean, SD) 19.30 (10.26) 19.14 (10.70) 0.935

DASS depression score 4.79 (4.29) 4.65 (4.60) 0.865

DASS anxiety score 3.61 (3.66) 4.10 (4.40) 0.519

DASS stress score 7.43 (4.57) 7.03 (5.39) 0.662

CEQ credibility subscale - −0.0286(2.58) -

CEQ expectancy subscale - 0.0213(2.65) -

TAU, treatment-as-usual; OLP, open-label placebo; NRS, numeric rating scale; SD, standard deviation; DASS, Depression Anxiety Stress Scale; VR-12, Veterans RAND 12-Item Health Survey;

CEQ, Credibility Expectancy Questionnaire. Data given in mean± standard deviation unless stated otherwise.

improved functional disability, as indicated by lower ODI scores

at day 21 in OLP-treated patients. Unrelated to the treatment

group, higher pain catastrophizing scores were associated with

lower physical and mental health scores (i.e., VR-12 PCS and MCS

subscales), aligning with clinical research evidence.

Even with standard treatment for chronic pain, research has

consistently shown that higher levels of pain catastrophizing

are associated with maladaptive coping strategies leading

to persistent disability, psychological distress, and increased

healthcare utilization (Simic et al., 2024). Pain catastrophizing

is a maladaptive cognitive process characterized by exaggerated

pessimistic predictions of future events and pain-related emotions,

often involving magnification of pain perception, rumination

on pain-related distress, and a sense of helplessness (Quartana

et al., 2009). Individuals who engage in catastrophizing may

feel overwhelmed, believing that they are unable to control or

manage their pain effectively. This cognitive distortion typically

includes components of hopelessness and helplessness, both

of which can undermine an individual’s sense of self-efficacy

and autonomy in coping with pain (Petrini and Arendt-

Nielsen, 2020). That is why pain catastrophizing has even

been reframed as an unsuccessful problem-solving strategy

(Eccleston and Crombez, 2007). Interestingly, OLP efficacy

was linked to opposite psychological factors, such as patient

self-determination and self-efficacy (Kaptchuk and Miller, 2018),

which might explain why OLP treatment in patients with low

PCS scores was associated with an increase in the velocity of

spinal motion.
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FIGURE 1

(A–D) Interaction e�ect between group (OLP+TAU vs. OLP) and pain catastrophizing on di�erent measures of disability. Illustrated are changes from

day 21 to baseline in the velocity of spinal mobility (reflected as z-transformed scores, (A), disability (measured by Oswestry Disability Index, (B),

mental, and physical health (measured by Veteran RAND-12 Mental, (C), and Physical Composite Scores, (D). OLP, open-label placebo; TAU,

treatment-as-usual.

Our results are consistent with those previously reported

by Ballou et al. (2022), who demonstrated that PCS modulates

the effect of OLP treatments on visceral pain. In a previous 6-

week RCT exploring placebo effects in irritable bowel syndrome

(IBS), researchers examined psychological predictors influencing

responses to OLP vs. double-blind placebo (DBP) and no treatment

control. The study showed that pain catastrophizing and visceral

sensitivity were indicators of response to OLP. Specifically, high

visceral sensitivity combined with low pain catastrophizing was

linked to greater improvement following OLP treatment. These

predictors did not significantly affect the response to DBP,

suggesting different mechanisms of action underlying OLP and

DBP interventions.

The mechanisms underlying OLP efficacy remain largely

unclear. Current hypotheses propose that OLPs might

share specific biochemical, psychological, and neuroimaging

characteristics with deceptive placebos, particularly in the domain

of placebo analgesia (Buergler et al., 2023; Schaefer et al., 2022).
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Additionally, positive cognitions and an open-minded attitude

have been proposed as critical predictors of positive responses to

OLPs (Haas et al., 2022). Individual patient engagement in actively

assessing andmodifying dysfunctional thoughts, akin to techniques

used in cognitive behavioral therapy, may be necessary for OLPs

to work (Ballou et al., 2022). This assumption is further reinforced

by the observation that OLPs may appear paradoxical to patients,

necessitating a degree of cognitive flexibility. This requirement

may be diminished in individuals with high pain catastrophizing,

where dysfunctional cognitive processes contribute to a narrowed

focus on pain stimuli (Simic et al., 2024). These patients might be

less likely to believe in their ability to positively influence their pain

experience, reducing their self-efficacy and the potential benefits

of OLPs.

Our findings are less clear regarding functional disability,

represented by ODI scores, which indicated that patients with

higher PCS at baseline who received OLP treatment exhibited

improved disability (i.e., lower ODI scores) on day 21. One

explanation of this divergence may lie in the fear-avoidance model

of pain, which involves reduced physical activity and increased

focus on pain due to the fear of pain highly correlated with pain

catastrophizing (Asmundson et al., 1999; Sullivan et al., 2004;

Vlaeyen and Linton, 2000). Although higher pain catastrophizing

scores may have significantly impaired the efficacy of OLP in

a highly consciously perceived movement task, such as the

examination of velocity and range of motion due to fear of

pain, this effect might have been less pronounced for subjective

reports of impairment in daily activities over time. On the

contrary, patients with higher levels of catastrophizing may have

been more reflective and interpreted subtle positive changes as

evidence of the treatment’s benefit, even without objective evidence

to support this improvement. Therefore, future studies should

assess the temporal dynamics of expectations throughout the

therapy to better understand their role in shaping patient-reported

treatment outcomes.

No interaction effect of PCS with OLP treatment was

observed regarding range of motion, back performance scale, and

patient-specific functional scale scores. Beyond the methodological

concerns raised by Suter et al. (2020), which highlighted moderate

to low consistency in the range of motion measurements, we

hypothesize that this discrepancy may be partially attributable to

the brief duration of OLP treatment. This limited treatment period

may be inadequate for improving more anatomically dependent

spinal mobility measures, such as range of motion. Therefore,

short-term interventions may have been insufficient to capture the

gradual and cumulative benefits of OLP in the context of limitations

in anatomical changes associated with chronic pain. This secondary

analysis supports the concept that subjective outcomes are more

responsive to OLPs than objective measures, with psychological

factors, such as pain catastrophizing, playing a significant role in

their treatment efficacy.

Some limitations must be considered when interpreting these

results. To assess pain catastrophizing, we used the validated

Pain Catastrophizing Scale, which measures the trait of pain

catastrophizing at baseline (Sullivan et al., 1995b). However,

the concept of pain catastrophizing and its predictive role in

pain-related outcomes is currently the subject of active debate

(Quartana et al., 2009). Recent findings from experimental

research have introduced a situational component to the concept

of pain catastrophizing, suggesting a more dynamic nature of

catastrophizing cognitions (Edwards et al., 2005). Furthermore,

some argue that tools for assessing pain catastrophizing focus more

on pain-related worrying or distress rather than catastrophizing

itself, posing a challenge for clinical or experimental research

(Petrini and Arendt-Nielsen, 2020). Furthermore, the potential

underlying mechanisms of our treatment have been discussed in

terms of constructs such as self-efficacy and cognitive flexibility,

which we did not directly measure in our experiment. Future

studies should include direct measures of these parameters to

confirm these hypothesized interpretations.

In conclusion, our secondary analysis of a large randomized

controlled trial involving patients with CBP identified pain

catastrophizing, measured by the Pain Catastrophizing Scale,

as a significant predictor of OLP effects. Patients with lower

catastrophizing showed improved spinal velocity of motion, while

those with higher levels of catastrophizing experienced greater

improvements in functional disability. The results align with the

concept of fear-avoidance of pain and highlight the relevance of

psychological factors for OLP efficacy in CBP. In line with previous

research, our analysis points to distinct mechanisms of OLP for

subjective and objective outcomes. Future research should focus

on personalized OLP treatment for chronic pain conditions by

understanding the psychological factors involved, including their

temporal dynamics.
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