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Key Points 50 
 51 
Question: Can open-label (honestly prescribed) placebo treatments effectively treat 52 
chronic back pain, and if so, what are the brain mechanisms?  53 
 54 
Findings: In this randomized trial of 101 adults with chronic back pain, an open-label 55 
subcutaneous placebo (saline) injection led to significant improvements in pain intensity, 56 
mood, and sleep relative to usual care. The placebo treatment relative to usual care also 57 
led to reduced somatomotor activity and increased medial prefrontal activity during 58 
evoked back pain, and to increased medial prefrontal-brainstem functional connectivity 59 
during spontaneous pain.  60 
 61 
Meaning: Open-label placebo treatments can confer meaningful clinical benefits to 62 
patients with chronic back pain by engaging prefrontal-brainstem pathways linked to pain 63 
regulation and opioidergic function.  64 
 65 
 66 
Request social media post (257 characters):  67 
 68 
Open-label (non-deceptive) placebo injection for chronic back pain improves pain, mood, 69 
and sleep – with gains observed at 1 year post-treatment – along with reduced 70 
somatomotor activity and increased mPFC activity and mPFC-brainstem connectivity  71 
@yoniashar @torwager   72 
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 73 
Abstract 74 

 75 
Importance: Chronic back pain (CBP) is a leading cause of disability. Placebo 76 
responses in CBP are large, often providing as much pain relief as bona fide treatments 77 
like steroid injections. Open-label (honestly prescribed) placebos (OLP) can provide 78 
relief from CBP without deception. OLP mechanisms remain poorly understood. 79 
  80 
Objectives: To investigate the long-term efficacy and neurobiological mechanisms of 81 
OLP for CBP.  82 
 83 
Design: A randomized controlled trial of CBP with longitudinal functional MRI comparing 84 
OLP vs. Usual Care, with 1-year follow-up.  85 
 86 
Setting: University research setting and a community orthopedic clinic. 87 
 88 
Participants: Adults aged 21–70 with CBP. 89 
 90 
Interventions: Participants randomized to OLP received a one-time subcutaneous 91 
lumbar saline injection presented as placebo accompanied by information about the 92 
power of placebo to relieve pain, alongside their ongoing care. Usual Care participants 93 
continued their ongoing care. 94 
 95 
Main Outcomes and Measures: The primary outcome was pain intensity (0–10) at 1-96 
month post-treatment. Secondary outcomes included pain interference, depression, 97 
anxiety, anger, and sleep quality. Functional MRI was collected pre- and post-treatment 98 
during evoked and spontaneous back pain. 99 
 100 
Results: We enrolled 101 adults (51.4% female, 87.1% White, M age=40.3 years) with 101 
moderate-severity CBP (M=4.10/10 intensity, duration M=9.7 years). Compared with 102 
Usual Care, OLP reduced CBP intensity post-treatment (relative reduction of 0.6 on a 0-103 
10 pain scale; Hedges’ g=0.45, p<0.05). At 1-year, pain relief did not persist, though 104 
significant benefits were observed in all secondary outcomes—pain interference, 105 
depression, anger, anxiety, and sleep (g=0.3–0.6, all p<0.05). Brain responses to 106 
evoked back pain for OLP vs. Usual Care increased in rostral anterior cingulate and 107 
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ventromedial prefrontal cortex and decreased in somatomotor cortex and thalamus. 108 
During spontaneous pain, functional connectivity analyses identified OLP vs. Usual Care 109 
increases in vmPFC connectivity to the rostral ventral medulla, a pain-modulatory 110 
brainstem nucleus. 111 
 112 
Conclusions: In this randomized controlled trial of OLP vs. usual care, placebos without 113 
deception, in the form of a single injection, reduced CBP intensity for 1-month post-114 
treatment and provided benefits lasting for at least 1-year post-treatment. Brain 115 
mechanisms of OLP in a clinical population overlap with those of deceptive placebos in 116 
healthy volunteers, including engagement of prefrontal-brainstem pain modulatory 117 
pathways.  118 
 119 
Trial Registration: NCT03294148 120 
 121 

122 
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 Placebo or sham treatments for chronic pain are powerful: in many cases, they 136 
provide as much or nearly as much pain relief as bona fide pills, injections, and 137 
surgeries.1–4 Traditionally, the efficacy of placebo treatment was thought to hinge on 138 
deception of the patient, creating the illusion of an active treatment being administered. 139 
Yet, recent research has upended this belief by investigating “open-label placebo” 140 
treatments, which are disclosed to both patients and providers as placebo.5  141 
 Open-label placebo (OLP) treatments have demonstrated benefits for several 142 
conditions, including migraine, cancer-related fatigue, irritable bowel syndrome, and 143 
chronic back pain.6–9 Chronic back pain (CBP) is a leading cause of disability globally 144 
and the top contributor to medical expenditures in the US.10–12 In most cases, peripheral 145 
pathology (e.g., disc bulge) cannot explain CBP, and plasticity in central nervous system 146 
processes is the predominant cause of ongoing pain.13–15 OLP treatments, which 147 
primarily engage brain and behavioral processes, may thus target core mechanisms of 148 
CBP. Two prior trials have demonstrated that OLP treatments can reduce chronic back 149 
pain intensity,16,17 but it remains unknown how OLP treatments engage putative brain 150 
mechanisms to relieve CBP.   151 
 Prior neuroimaging studies have focused on traditional (deceptive) placebo 152 
treatments in healthy volunteers in experimental pain paradigms (typically, heat pain 153 
applied to the forearm). Broadly, these studies have identified three major findings 154 
induced by placebo manipulations: decreased activity in brain regions related to 155 
somatosensory and nociceptive processing (e.g., thalamus, somatomotor cortex), 156 
increased activity in prefrontal pain-regulatory regions (e.g., rostral anterior cingulate, 157 
rACC; ventromedial prefrontal cortex, vmPFC; dorsolateral prefrontal cortex, dlPFC), 158 
and the engagement of multiple brainstem nuclei modulating afferent input and exerting 159 
descending control, especially the periaqueductal gray (PAG) and rostral ventral medulla 160 
(RVM).18–25 Yet, how the brain mechanisms identified in laboratory paradigms testing 161 
healthy volunteers relate to those of patients receiving clinical treatments remains poorly 162 
understood.26,27 In particular, the brain mechanisms of an OLP treatment in a patient 163 
population has never been investigated. 164 
 Here, we sought to evaluate the effects of a novel OLP treatment—a one-time 165 
subcutaneous injection of saline into the back. We measured multiple patient-reported 166 
outcomes over a 1-year follow-up period, as prior studies have provided conflicting 167 
evidence on the durability of OLP effects in CBP.28,29 We conducted longitudinal 168 
functional MRI (fMRI) to assess the effects of OLP on back pain-related brain activity 169 
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and on functional connectivity during spontaneous pain. We hypothesized that the 170 
neurobiological effects of OLP in CBP would resemble the neuroimaging findings from 171 
laboratory pain paradigms. 172 
 173 

Method 174 
The trial was pre-registered (NCT #03294148) and conducted from 2017-2018, 175 

with 1-year follow-up completed by November 2019. The trial was designed to facilitate 176 
two comparisons of interest: a test of a psychotherapy intervention with OLP serving as 177 
a control condition (presented in a previous manuscript30), and the comparison of OLP 178 
vs. usual care on mechanistic and clinical outcomes—the focus of this manuscript. The 179 
OLP vs. Usual Care comparison on clinical and neuroimaging outcomes and longitudinal 180 
follow-up has not been published previously. The trial and this analytic plan were 181 
preregistered on ClinicalTrials.gov (NCT03294148). Participants provided written 182 
informed consent as approved by the University of Colorado Institutional Review Board. 183 
Our report follows CONSORT reporting guidelines. 184 
 185 
Participants 186 

Participants were recruited from the community using electronic and print 187 
announcements, social media, and referrals in 2017-2018. Recruitment materials 188 
described a “mind-body treatment” for CBP, explained to be an honest placebo during 189 
informed consent. 190 

Participants aged 21 – 70 with back pain for at least half the days of the last 6 191 
months and 1-week-average pain intensity > 4/10 at screening were recruited from the 192 
Boulder, Colorado area. We targeted primary CBP, excluding patients with leg pain 193 
worse than back pain and self-reported diagnoses of inflammatory disorders or 194 
metastasizing cancers. We excluded people self-reporting psychosis, personality 195 
disorders, pain-related compensation or litigation in the past year, or inability to undergo 196 
MRI (details provided in eMethods p. 2). Power analysis targeted 80% power (α = .05) to 197 
detect a medium effect (d = .62) on pain intensity at the primary endpoint (eMethods p. 198 
2-3). Participants self-reported race and ethnicity.  199 

 Participants completed an eligibility/consent session and a baseline assessment 200 
session with fMRI. They were subsequently randomized using an imbalance-201 
minimization algorithm31 to OLP or Usual Care, balancing on age, sex, baseline pain, 202 
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and opioid use (eMethods p. 3). Participants were unblinded due to the nature of the 203 
intervention. All research staff collecting data were blinded to group assignment. 204 

The primary endpoint (post-treatment fMRI session) occurred 1 month after the 205 
baseline fMRI session. Participants completed online follow-up assessments at 1, 2, 3, 206 
6, and 12 months after the post-treatment session (Figure 1). Adverse events were 207 
recorded when participants spontaneously reported them to study personnel. 208 

Half the participants in the Usual Care arm were from a parallel, simultaneous 209 
clinical trial testing a psychotherapeutic intervention vs. Usual Care. To increase 210 
statistical power, we designed these two trials to support combining the two Usual Care 211 
arms: both trials recruited from an identical population using identical recruitment 212 
methods, collected identical assessment measures, and had the same instructions for 213 
the Usual Care arm. 214 
 215 
Interventions, Materials and Procedures 216 
 Open-label placebo. OLP included an integrated cognitive, social, and physical 217 
(injection) intervention. Participants presented to a private orthopedic medical center in 218 
Golden, Colorado. They watched two videos (available for reuse upon request) and had 219 
a structured conversation with the treating physician (author KK) in the context of an 220 
empathic, validating clinical encounter. The videos and conversation aimed to convey 221 
that: 1) they were receiving a placebo—an inert treatment with no “active ingredients”, 2) 222 
placebos can have powerful effects, 3) placebos produce endogenous opioid release, 223 
establishing a rationale for pain relief, 4) placebos can work even when known to be 224 
inert by engaging automatic/non-conscious pathways, (e.g. “automatically triggering the 225 
body’s natural healing response”), 5) a positive attitude may be helpful but is not 226 
necessary, encouraging instead an open-minded attitude.32 Participants changed into a 227 
medical gown, and a subcutaneous injection described as saline with no active 228 
medication was administered at the site of greatest back pain.  Participants also 229 
continued any ongoing Usual Care for their back pain and agreed not to begin new 230 
treatments. 231 

Usual Care. These participants were given no additional treatment by the study 232 
staff. They agreed to continue their ongoing care as usual and not start new treatments.  233 
 234 
Clinical measures  235 
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Clinical outcomes. The primary outcome was average pain over the last week 236 
on a 0 – 10 Numerical Rating Scale (NRS), as assessed with the Brief Pain Inventory-237 
Short Form (BPI-SF).33 We adopted this as the primary outcome owing to its enhanced 238 
interpretability, high correlations (r > .90) with the fully BPI Severity scale scores, and 239 
recommendations from an NIH task force and the scale developers.34–36 Secondary 240 
outcomes included: pain interference (BPI-SF), PROMIS short forms for depression, 241 
anxiety, anger, and sleep quality,37,38 Patient Global Impression of Change (PGIC), and 242 
the Treatment Satisfaction Questionnaire39 (see eMethods p. 3 for measure details). 243 
Outcomes were collected at pre-randomization and at all follow-up time points, except 244 
the PGIC and Treatment Satisfaction Questionnaire which cannot be measured at pre-245 
randomization. Baseline values for primary and secondary outcomes were computed as 246 
the average score from two pre-randomization assessments (eligibility session and pre-247 
treatment fMRI session). Additional measures of psychological functioning were 248 
measured at baseline for testing as potential moderators of OLP response (eMethods p. 249 
7-8). 250 

 251 
Neuroimaging Measures 252 

We acquired both structural (T1 MPRAGE) and functional images (multiband 253 
gradient-echo EPI). Sequence parameters and a complete description of neuroimaging 254 
methods is provided in eMethods p. 3-4.   255 

Evoked back pain. During fMRI, participants completed an evoked back pain 256 
task with a series of randomly ordered trials distending the back to one of four intensity 257 
levels. The evoked back pain task utilized a novel device providing experimental control 258 
over back pain during fMRI. Participants lay on a pneumatically-controlled cylindrical 259 
balloon, with increasing inflation causing increasingly painful back distention, and rated 260 
pain after each trial on a visual analog scale (VAS; 0 = no pain, 100 = worst pain 261 
imaginable).  262 

Spontaneous pain (resting state). An 8-minute scan was collected for each 263 
participant at pre- and post-treatment. Participants were asked to keep their eyes open 264 
and fixate on a visual crosshair; once per minute, participants rated their spontaneous 265 
back pain intensity on a VAS. 266 
 267 
Statistical Analysis 268 

Clinical Outcomes 269 
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Intent-to-treat analyses including all randomized patients were performed. 270 
Primary and secondary outcome scores were modelled at post-treatment (the primary 271 
endpoint) with a mixed-effects model (fitlme, MATLAB 2023a) at a p < 0.05 significance 272 
level. Regressors included dummy-coded treatment group (OLP vs. Usual Care) and 273 
timepoint (Post vs. Pre) variables, a group by time interaction (OLP vs. Usual Care x 274 
Post vs. Pre), covariates for age and sex, and a random intercept and slope per 275 
participant. Treatment response rates were computed as the percentage of randomized 276 
participants reporting >30% and >50% pain reduction at post-treatment.  277 

Effects of OLP on primary and secondary outcomes at 1, 2, 3, 6, and 12 months 278 
post-treatment were examined in three ways. First, we tested for OLP effects throughout 279 
the entire follow-up period in models including data from all follow-up timepoints. 280 
Regressors included a dummy-coded treatment group variable, a timepoint variable 281 
indicating months post-treatment and mean-centered at 6 months (the midpoint of the 12 282 
month follow-up period), a group by time interaction, covariates for age and sex, and a 283 
random intercept and slope per participant. Time was centered at 6 months post-284 
treatment to maximize power for detecting group effects throughout the entire follow-up 285 
period. Estimated effects of group can be interpreted as group differences at 6 months 286 
post-treatment, with the group*time interaction testing for changes in OLP vs. Usual 287 
Care effects across the 12-month follow-up period. Second, we estimated  OLP vs. 288 
Usual Care effect sizes (Hedges’ g) at each follow-up timepoint for each outcome, 289 
adjusting for baseline values of the outcome (eMethods p. 7). And third, we tested 290 
whether these OLP vs. Usual Care effect sizes were significant at 12-months post-291 
treatment—our longest follow-up timepoint. 292 

Self-reported pain during the evoked back pain task (average pain across trials) 293 
was also submitted to a mixed-effects model, as described above, testing for a group by 294 
time interaction effect. We further conducted exploratory analyses testing baseline 295 
measures of psychological functioning as predictors of response to OLP (eMethods p. 7-296 
8). 297 

 298 
Neuroimaging analyses 299 
Preprocessing and denoising. Standard fMRI preprocessing procedures were 300 

used, implemented in fMRIprep 1.2.440 which is based on Nipype 1.1.6.41 This included 301 
coregistration, normalization of anatomical images to a template image (ICBM 152 302 
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Nonlinear Asymmetrical template version 2009c), susceptibility artifact distortion 303 
correction, and smoothing with a 6mm kernel.  304 

Evoked pain task. A first-level model was estimated for each participant to 305 
identify brain activity associated with evoked back pain intensity. We constructed a 306 
continuous within-person estimate of evoked pain intensity based on post-trial pain 307 
ratings. This modelled pain experience throughout the evoked back pain task and 308 
provided a contrast image for each subject estimating how strongly each voxel was 309 
related to evoked pain (eMethods p. 3-5). Multiple covariates in the 1st level model 310 
controlled for head motion effects (eMethods p. 5-6).  311 

Second-level models tested for OLP vs. Usual Care effects on evoked back pain-312 
related brain activity. We conducted a voxelwise robust regression using SPM12 and the 313 
CanlabCore toolbox (https://github.com/canlab/CanlabCore) to estimate the OLP vs. 314 
Usual Care effect at post-treatment, controlling for age, sex, and pre-treatment values at 315 
the given voxel.42,43 316 

Statistical thresholding was conducted using a non-parametric combination 317 
testing framework correcting both within and across regions of interest (ROIs).44 We 318 
defined six ROIs reliably associated with placebo analgesia in prior meta-analyses,18,20 319 
including two areas showing placebo-induced increases (vmPFC/rACC, dlPFC) and four 320 
areas showing placebo-induced decreases (insula, midcingulate, medial somatomotor 321 
cortex, thalamus) (eMethods 7, eFigure 1). A permutation test conducted within each 322 
ROI was thresholded at p<0.05 familywise error rate (FWER) corrected across voxels, 323 
along with a permutation-based correction across ROIs (FWER p<0.05 across the set of 324 
ROIs) (eMethods p. 7).44  Whole-brain uncorrected results are reported in the 325 
supplementary materials for archival purposes (eMethods p. 8, 10, eTable 2). 326 

Connectivity analyses. Two vmPFC regions identified in evoked pain analyses 327 
above were submitted as seed regions to test for placebo-induced increases in 328 
spontaneous (resting) connectivity with the PAG and RVM, as shown in prior placebo 329 
analgesia studies,24,25,45 with non-parametric combination testing to correct for multiple 330 
comparisons (eMethods 7-8). The spontaneous pain (resting state) task was 331 
preprocessed as above, along with global signal regression and bandpass filtering [.1 – 332 
.01 Hz] (eMethods p. 4-5). PAG and RVM were defined anatomically using a high-333 
resolution brainstem atlas.46 334 

 335 
Results 336 

https://github.com/canlab/CanlabCore
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A total of N=101 participants were randomized. The sample included 52 (51.4%) 337 
females, aged M (SD)=40.4 (15.4) years old, and with all participants reporting at least 338 
some college education (Table 1). Of the 101 participants, 1 (1.0%) was American 339 
Indian or Alaskan Native, 2 (2.0%) were Asian/Pacific Islander, 3 (3.0%) were Black, 88 340 
(87.1%) were White, and 7 (7.0%) were Other or Unknown (Table 1), with 4 (4.0%) 341 
participants of Hispanic ethnicity (Table 1). The sample had moderate pain intensity 342 
(M=4.10, SD=1.25) at pre-treatment, with CBP duration of M=9.7 (8.5) years. N=91 343 
(90.1%) completed the post-treatment assessment session (Figure 1). Of 51 participants 344 
randomized to OLP, 4 (7.8%) were lost to follow-up and 3 (5.8%) withdrew from 345 
treatment (Figure 1). Of 50 participants randomized to usual care, 3 (6.0%) did not 346 
complete post-treatment assessment (Figure 1).  347 
 348 
Patient-Reported Outcomes 349 

OLP led to significant reductions in reported chronic back pain intensity at post-350 
treatment relative to Usual Care, β=0.61 points on the 11-point pain scale, t(90.09)=2.29, 351 
p=.02, with Hedges’ g=0.45 (Figure 2A). Of 44 patients randomized to OLP followed at 352 
post-treatment, 20 (45.4%) reported 30% pain reduction and 11 (24.4%) reported 50% 353 
pain reduction. Of 47 patients randomized to usual care followed at post-treatment, 18 354 
(38.3%) reported 30% pain reduction and 7(14.9%) had a 50% pain reduction. 355 

Among secondary outcomes at post-treatment, OLP vs. Usual Care led to 356 
improvements in pain interference, β=0.67, t(90.58)=2.65, p=0.01, and marginal 357 
improvements in anxiety, β=1.38, t(91.17)=1.80, p=0.08). No significant effects were 358 
found at post-treatment for other secondary outcomes, ps > .10.  359 

At 1-year follow-up, there were no significant effects of OLP vs. Usual Care on 360 
pain intensity, indicating an attenuation of the improvements observed at post-treatment. 361 
Surprisingly, benefits of OLP vs. Usual Care were observed at long-term follow-up for all 362 
secondary outcomes, including pain interference, depression, anger, anxiety, sleep, 363 
global impression of change, and treatment satisfaction (all outcomes significant at p < 364 
.05, except pain interference was marginally significant, p=.06; Table 2). Effect sizes at 365 
the measured timepoints during the 1-year follow-up were generally medium sized, 366 
ranging mainly between 0.3 – 0.7 (Figure 2, eTable 1). There were no significant 367 
interactions between treatment assignment and time for any outcome, ps > .05, 368 
suggesting relatively stable effects of treatment throughout the one-year follow-up 369 
period; this was supported by visual inspection of effect size trajectories over time 370 
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(Figure 2). No adverse effects of treatment were reported by participants at any point. 371 
Greater levels of pain catastrophizing at baseline predicted enhanced response to OLP, 372 
whereas baseline treatment expectations, trait optimism, anxiety, and depression did not  373 
(eMethods p. 8). 374 

 375 
fMRI Results 376 
 Evoked back pain analyses. OLP vs. Usual Care led to reduced pain ratings in 377 
the back pain evocation task with marginal significance, β=-6.97 on a 0-100 pain scale, 378 
t(78)=-1.84, p=.07. We observed OLP vs. Usual Care increases in evoked back pain-379 
related activity in the vmPFC and rACC, and decreases in medial motor cortex (Area 4) 380 
and thalamus, all FWE-corrected p < .05 within ROIs. In addition, the overall combined 381 
test showed significant joint effects corrected across all ROIs tested (p < 0.05 FWER-382 
corrected) (Figure 3). No effects were observed in the midcingulate, insula, or dlPFC. 383 
The thalamic clusters were labeled as ventral anterior and ventral lateral thalamus, with 384 
a predominantly prefrontal connectivity profile in the Oxford Thalamic Connectivity 385 
Atlas.47,48 386 

Functional connectivity during spontaneous pain. Of the two vmPFC/rACC 387 
regions with increased OLP vs. Usual Care activity during evoked pain, the more 388 
anterior vmPFC region had significantly increased connectivity during spontaneous pain 389 
(resting state) with the RVM, p < .05 FWE-corrected (Figure 3), along with a trend 390 
towards connectivity increases with the PAG (p < .1 corrected). 391 
 392 

Discussion 393 
 Placebo treatments for chronic pain often provide as much or nearly as much 394 
pain relief as bona fide pills, injections, and surgeries.1–4 Recent research demonstrating 395 
the efficacy of non-deceptive open-label placebos (OLP) has upended the belief that 396 
placebos require deception, creating a novel path forward for ethical, feasible placebo 397 
treatment.5,8 Yet, critical open questions remain regarding the efficacy, long-term 398 
benefits, and mechanisms of OLP treatments. In particular, the brain mechanisms of an 399 
OLP treatment in a clinical population have not been investigated. Here, in the context of 400 
a randomized trial comparing an OLP injection vs. usual care, we found: i) reduced pain 401 
intensity at 1 month post-treatment, ii) benefits of OLP on multiple secondary outcomes 402 
(but not pain intensity) at 1 year, and iii) altered brain responses to evoked back pain 403 
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and altered functional connectivity during spontaneous pain, consistent with engagement 404 
of descending modulatory pain pathways.  405 
 The magnitude of pain reductions we observed at 1 month post-treatment are 406 
nearly identical with a prior trial of OLP for chronic back pain (CBP).17 Effects on pain 407 
were not large (pain reduction of 0.61 of 10, d=0.45) but can be considered clinically 408 
significant: many standard CBP treatments (e.g., NSAIDs, epidural steroid injections) 409 
yield comparable effects sizes but with more adverse events.2,3 Another prior study of 410 
OLP for CBP reported larger pain reductions, suggesting that OLP effects may be 411 
magnified in certain contexts.16  412 

OLP vs. Usual Care pain reductions were not significant through 1 year follow-413 
up. This is consistent with a prior study including 3-year follow-up following OLP for 414 
CBP,28 and parallels the effects of epidural steroid injections, whose benefits also 415 
typically fade with time. Patients thus often return for repeat steroid injections, though 416 
these must be limited due to safety concerns. As there are no safety concerns with 417 
repeated OLP injections, future studies could investigate repeated OLP injections as a 418 
maintenance treatment aiming to provide sustained pain reductions, with randomized 419 
withdrawal studies to estimate the effects of OLP discontinuation.   420 

Sustained benefits of OLP vs. Usual Care through 1-year follow-up were 421 
observed on pain interference, depression, anxiety, sleep, and anger. These effects 422 
were not significant at 1-month post-treatment but emerged later in time. The delayed 423 
emergence of these effects could potentially be explained by mutually reinforcing 424 
improvements across these multiple processes (pain interference, sleep, mood) creating 425 
positive feedback loops providing increasing benefits over time, following an initial 426 
“incubation period”.49 As a prior trial found limited benefits of OLP vs. usual care on 427 
depression, stress, and disability at 3 years, these benefits may fade between years 1 428 
and 3 post-treatment.28  429 

During evoked back pain, we found OLP vs. Usual Care increases in two prefrontal 430 
regions, the vmPFC and rACC, as well as decreases in primary motor cortex and 431 
thalamus. These results are broadly consistent with investigations of placebo effects on 432 
experimental pain in healthy volunteers which have found activations in prefrontal pain-433 
regulatory regions and reductions in somatomotor and nociception-related regions (with 434 
substantial variation in specific findings from study to study).18–25 During spontaneous 435 
pain, we observed increased connectivity between the vmPFC and the RVM, a 436 
brainstem nucleus involved in pain modulation.23,50,51 Increased vmPFC connectivity to 437 
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the PAG and RVM has been reported in multiple prior studies of placebo analgesia in 438 
healthy volunteers.25,45 It suggests engagement of descending opioidergic projections 439 
from the prefrontal cortex to these brainstem nuclei and down to the dorsal horn of the 440 
spinal cord, inhibiting afferent nociceptive signals before they reach the brain.24,50 Prior 441 
experimental work has demonstrated that OLP effects in a laboratory context are 442 
partially blocked by naloxone, an opioid antagonist, consistent with the notion that OLP 443 
engages opioidergic mechanisms.52 As the RVM also includes ascending nociceptive 444 
pathways and encode aversive prediction errors, other interpretations of the increased 445 
connectivity are possible as well.53 As we observed this increased vmPFC-brainstem 446 
coupling during the resting state (spontaneous pain), this raises the possibility that OLP 447 
relieves back pain by increasing tonic opioid release in daily life. Overall, these findings 448 
suggest that OLP for chronic pain may engage similar brain mechanisms as deceptive 449 
placebo for experimental pain, including engagement of prefrontal pain-regulatory 450 
regions with projections to brainstem nuclei and reduced activity in nociceptive target 451 
regions. To our knowledge, only two prior studies have examined OLP effects on brain 452 
function, both examining emotional distress induced by aversive images in healthy 453 
volunteers; one study reporting increased PAG activity, aligned with our findings.54,55  454 

OLP Intervention effects were not driven by the inert injection per se, but by the 455 
psychosocial context surrounding the injection. The psychological components of the 456 
OLP intervention (e.g., specific patient education) are likely central to its therapeutic 457 
effects.56,57 458 

Limitations  459 
Limitations include a limited sample size, a sample low in racial and ethnic diversity, 460 

baseline group differences in exercise levels and pain duration of small-moderate size, 461 
and more missing data in the Usual Care arm at 12-month follow-up. As brainstem 462 
imaging is methodologically challenging, dedicated MRI sequences would improve 463 
signal strength and localization.23 Recruitment materials describing a “mind-body 464 
intervention” may have biased the sample towards people open to accepting a placebo 465 
intervention; future research would be needed to test whether openness towards an OLP 466 
intervention influences its efficacy.  467 

Conclusions 468 
In this randomized controlled trial, a placebo injection without deception reduced 469 

CBP intensity for 1-month post-treatment and provided benefits lasting for at least 1-year 470 
post-treatment. Brain mechanisms of OLP in a clinical population overlapped with those 471 
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of deceptive placebos in healthy volunteers, including engagement of prefrontal-472 
brainstem pain modulatory pathways.   473 
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Table 1 656 
Participant Demographics 657 

 

OLP  
No. patients 
(%) 

Usual Care  
No. patients 
(%) 

Demographics   
Age, mean (SD), years 39.4 (14.9) 41.3 (15.9)  
Sex n (%)   
     Female 25 (49.0%) 27 (54.0%)  
     Male 26 (50.9%) 23 (46.0%) 
Education n (%)   
     High School or less 0 (0.0%) 0 (0.0%) 
     Some college 15 (29.4%) 15 (30%) 
     College graduate 36 (70.6%) 35 (70%) 
Married n (%) 25 (49.0%) 30 (60%) 
Race n (%)   
     American Indian or Alaskan Native 0 (0%) 1 (2.0%) 
     Asian/Pacific Islander 2 (3.9%) 0 (0.0%) 
     Black (not of Hispanic origin) 2 (3.9%) 1 (2.0%) 
     White (not of Hispanic origin) 45 (88.2%) 43 (86.0%) 
     Other or Unknown 2 (3.9%) 5 (10.0%) 
Hispanic ethnicity n (%) 2 (3.9%) 2 (4.0%) 
Employment status n (%)   
     Full time (30+ hrs/week) 26 (51.0%) 28 (56.0%) 
     Part time (5-30 hrs/week) 12 (23.5%) 13 (26.0%) 
     Unemployed/lightly employed     
     (<5 hrs/week) 

13 (25.5%) 9 (18.0%) 

SSES mean (SD), 1-10 6.4 (2.0) 6.7 (1.6) 
Exercise n (%)   
     Almost none 1 (2.0%) 4 (8.0%) 
     1 hour/week 7 (13.7%) 9 (18.0%) 
     3 hours/week 23 (45.1%) 14 (28.0%) 
     7 hours/week 18 (35.3%) 21 (42.0%) 
     14+ hours/week 2 (3.9%) 2 (4.0%) 
   
Pain-related characteristics   
Pain duration, mean (SD), years 8.9 (8.2) 10.5 (8.9) 
Current opioid use, n (% yes) 2 (3.9%) 2 (4.0%) 
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Pain in body sites besides back, n (%)   
     None 9 (17.6%) 4 (8.0%) 
     A little  24 (47.1%) 28 (56.0%) 
     A moderate amount 15 (29.4%) 16 (32.0%) 
     A lot 3 (5.9%) 2 (4.0%) 
 658 
Abbreviations: SSES = subjective socioeconomic status, rated on a 1 – 10 ladder.58 659 

660 
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Table 2 661 
Effects of OLP vs. Usual Care through the 1-year follow-up period. 662 
 663 
Outcome, Scale range Estimate (SE)a t-

statistica 
p-valuea Effect size 

at 1 year, 
gb 

Pain intensity, 0 – 10  -0.41 (0.27) -1.53 0.13 -0.33† 

Secondary Outcomes     

Pain interference, 0 – 10  -0.53 (0.28) -1.91 0.06 -0.30 
Depression, 0 – 24  -1.68 (0.54) -3.13 0.002 -0.50* 

Anger, 0 – 20  -1.25 (0.50) -2.53 0.01 -0.38* 
Anxiety, 0 – 32  -1.77 (0.73) -2.43 0.02 -0.40* 
Sleep disruption, 0 – 32  -2.11 (0.78) -2.70 0.01 -0.46* 
Patient Global Impression of 
Change, 0 – 7  0.69 (0.31) 2.21 0.03 0.18 
Treatment satisfaction, 0 – 100  10.73 (4.96) 2.16 0.03 0.44* 
 664 
a Open-label placebo injection (OLP) vs. Usual Care led to improvements in multiple 665 
patient-reported outcomes during 1-year follow-up. Estimates from a model testing 666 
effects throughout the 1-year follow-up period are presented in the first three columns. 667 
Data were centered at 6 months, the midpoint of the follow-up time period. To aid 668 
interpretation, β estimates are presented in raw units, with the range of each measure 669 
provided after its name.  670 
 671 
b We estimated the OLP vs. Usual Care effect size (Hedges’ g) at 1 year, our longest 672 
follow-up time point. Values for each outcome at each timepoint are provided in eTable 673 
1. Significance at p < .1 is indicated by † and at p < .05 by *. 674 
  675 
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 676 
Figure 1. CONSORT diagram depicting participant flow through the trial. 677 
  678 
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 679 
Figure 2. Effects of Open-label placebo (OLP) vs. Usual Care on patient-reported 680 
outcomes through 1-year follow-up. A) OLP vs. Usual Care led to reduced chronic back 681 
pain intensity (primary outcome, 0 – 10 scale) at post-treatment (primary endpoint), p = 682 
.03. OLP effects on pain intensity were not significant when testing throughout the entire 683 
follow-up period, though a marginally significant effect was observed at 1-year follow-up 684 
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(Table 2). Lines reflect sample means and error bars show within-subject SEM. B) OLP 685 
vs. Usual Care effect sizes on secondary patient-reported outcomes. Effect sizes were 686 
computed as group differences in change from baseline to the given timepoint (Hedges’ 687 
g), with negative effects indicating greater improvement for OLP vs. Usual Care. Error 688 

bars depict standard error for the OLP vs. Usual Care effect size, adjusting for 689 
baseline scores. 690 
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 691 
 692 

Figure 3. Effects of open-label placebo (OLP) vs. Usual Care on brain function in 693 
chronic back pain. A) During evoked back pain, OLP vs. Usual Care led to increased 694 
activity in the ventromedial prefrontal cortex (vmPFC, red) and decreased activity in 695 
primary motor cortex and thalamus (blue), FWE p < .05 uncorrected. Insets show 696 
findings for B) vmPFC, C) thalamus, and D) motor cortex. E) During spontaneous pain 697 
(resting state), OLP vs. Usual Care led to increased functional connectivity between the 698 
more anterior vmPFC region and the rostral ventral medulla (RVM), a brainstem nucleus 699 
involved in pain processing and modulation; FWE p < .05. Green outlines show RVM 700 
location with vmPFC connectivity increases shown in red.  701 
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