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Nonpharmacological treatments include a wide variety of treatments 
such as surgery, technical procedures, implantable and non-implantable 
devices, rehabilitation, psychotherapy, and behavioral interventions. Unlike 
pharmacological treatments, these have no specific requirements for approval. 
Consequently, they can be widely proposed in clinical practice but may not 
have been adequately evaluated. This situation is an important barrier for 
the evaluation of the beneficial effects of these treatments and the conduct 
of clinical trials. Randomized Clinical Trials of Nonpharmacological 
Treatments focuses on the methods for assessing nonpharmacological 
treatments, highlighting specific issues and trial design. 

Features:
• Chapters written by international experts in the field
• Highlights specific issues in assessing nonpharmacological treatments 

in trials including:
• o how to overcome the difficulties of blinding patients, care    

 providers, and outcome assessors
• o the complexity of the intervention, the learning curve, and    

 the clustering effect 
• o placebos that can be used 
• o issues of assessing harm and assessing the applicability of   

 trials
• Presents a variety of trial designs for nonpharmacological 

treatments—including cluster randomized controlled trials, expertise-
based trials, pragmatic trials, and nonrandomized trials 

• Provides several examples of the planning, conduct, analyses, and 
reporting of trials in different fields, including surgery, technical 
interventions, medical devices, rehabilitation, psychotherapy, and 
behavioral interventions

Providing practical examples that underline these issues and solutions, this 
book is one of the first to exclusively explore this topic, discussing various 
categories of treatments, from surgical procedures to psychotherapy.
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Introduction

Isabelle Boutron and Philippe Ravaud
Paris Descartes University
Public Assistance—Hospitals of Paris

Nonpharmacological treatments represent a wide range of treatments proposed 
to patients. They could be defined as all interventions involving not just the 
administration of pharmacological treatments. Nonpharmacological treat-
ments concern technical interventions such as surgical procedures; technical 
interventions such as joint lavage and angioplasty; implantable devices such 
as stents and arthroplasty; nonimplantable devices such as orthoses, ultra-
sound treatments, and laser treatments; and participative interventions such 
as rehabilitation, education, behavioral interventions, and psychotherapy.

The number of published randomized controlled trials assessing nonphar-
macological treatments is increasing with time. A cross-sectional assessment 
of randomized trials published in 2000 identified 25% of such trials assessing 
nonpharmacological treatments (10% surgery or procedures, 11% counsel-
ing or lifestyle interventions, and 4% equipment) [1]. A similar recent study 
showed that randomized trials assessing nonpharmacological treatments 
concerned 42% of the trials published in 2006 (21% surgery or procedures, 
18% counseling or lifestyle interventions, and 3% equipment).

Assessing nonpharmacological treatments raises specific issues. An impor-
tant issue is the funding source. Most assessments of nonpharmacological 
treatments, except perhaps implantable and nonimplantable devices, rely on 
public funding, or more restricted amounts of money [2,3]. Further, the regula-
tory requirements for nonpharmacological treatments are less stringent than 
for pharmacological treatments. In most cases, the drug approval process of 
the U.S. Food and Drug Administration requires demonstrated treatment 
effectiveness from at least two adequate and well-controlled clinical trials.

In contrast, most nonpharmacological treatments such as surgical pro-
cedures or participative interventions have no specific requirements for 
approval. Consequently, they can be widely proposed in clinical practice but 
may not have been adequately evaluated. This situation is an important bar-
rier for the evaluation of the beneficial effects of these treatments and the 
conduct of randomized controlled trials.

Finally, assessing nonpharmacological treatments raises specific method-
ological issues [3]. First, blinding of patients, care providers, and outcome asses-
sors is frequently not feasible, particularly because of a lack of placebo for most 
nonpharmacological treatments [4]. Second, nonpharmacological treatments 
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are usually complex interventions made of several components that may all 
have an impact on the beneficial effect of the treatment [5]. These interventions 
are, consequently, difficult to describe, reproduce in the trial, and implement 
in clinical practice. Finally, care providers’ expertise and centers’ volume of 
care can have an important impact on the success of the interventions [6].

Nevertheless, it is essential to overcome these barriers and to adequately 
evaluate nonpharmacological treatments.

This book is divided in two parts. Part I is dedicated to specific issues 
when assessing nonpharmacological treatments. It highlights the difficulties 
of blinding and how these difficulties can be overcome. It discusses the pla-
cebos that can be used in such trials. It also addresses how the complexity of 
the intervention, the learning curve, and the clustering effect should be taken 
into account in trials. Issues of assessing harm and assessing the applicabil-
ity of trials in this field are also raised. Different designs that are particularly 
useful in this context—cluster randomized controlled trials, expertise-based 
trials, pragmatic trials, and nonrandomized trials, as well as specific issues 
of systematic reviews in this field—are also presented.

Part II provides several examples of the planning, conduct, analyses, and 
reporting of trials in different fields. It is obviously impossible to cover all the 
different clinical areas, but these examples in the field of surgery, technical 
interventions, devices, rehabilitation, psychotherapy, behavioral interven-
tions, etc., should be very useful for readers to learn and grasp some ideas 
from various domains.

References

	 1.	 Chan, A.W., Altman, D.G. Epidemiology and reporting of randomised trials 
published in PubMed journals. Lancet, 365(9465), 1159–1162, 2005.

	 2.	 Balasubramanian, S.P., Wiener, M., Alshameeri, Z., Tiruvoipati, R., Elbourne, D., 
Reed, M.W. Standards of reporting of randomized controlled trials in general 
surgery: can we do better? Ann Surg, 244(5), 663–667, 2006.

	 3.	 Boutron, I., Tubach, F., Giraudeau, B., Ravaud, P. Methodological differences in 
clinical trials evaluating nonpharmacological and pharmacological treatments 
of hip and knee osteoarthritis. JAMA, 290(8), 1062–1070, 2003.

	 4.	 Boutron, I., Tubach, F., Giraudeau, B., Ravaud, P. Blinding was judged more dif-
ficult to achieve and maintain in nonpharmacologic than pharmacologic trials. 
J Clin Epidemiol, 57(6), 543–550, 2004.

	 5.	 Glasziou, P., Meats, E., Heneghan, C., Shepperd, S. What is missing from 
descriptions of treatment in trials and reviews? BMJ, 336(7659), 1472–1474, 2008.

	 6.	 Halm, E.A., Lee, C., Chassin, M.R. Is volume related to outcome in health care? 
A systematic review and methodologic critique of the literature. Ann Intern Med, 
137(6), 511–520, 2002.



xiii

Contributors

Charles Abraham
Peninsula College of Medicine and 

Dentistry
University of Exeter
Exeter, United Kingdom

Hidefumi Aoyama
Department of Radiology
Niigata University Graduate School 

of Medical and Dental Sciences
Niigata, Japan

Vincenzo Berghella
Department of Obstetrics and 

Gynecology
Thomas Jefferson University
Philadelphia, Pennsylvania

David Biau
Department of Biostatistics and 

Medical Informatics
Public Assistance—Hospitals 

of Paris
Paris, France

Isabelle Boutron
INSERM U738
Paris Descartes University
and
Center for Clinical Epidemiology
Public Assistance—Hospitals 

of Paris
Paris, France

Jonathan A. Cook
Health Services Research Unit
University of Aberdeen
Aberdeen, United Kingdom

Nadine Elizabeth Foster
Arthritis Research UK Primary 

Care Centre
Keele University
Staffordshire, United Kingdom

Bruno Giraudeau
Center for Clinical Investigation 

(INSERM CIC 0202)
University Hospital of Tours
Tours, France 

Paul Glasziou
Faculty of Health Sciences and 

Medicine
Bond University
Queensland, Australia

Asbjørn Hróbjartsson
The Nordic Cochrane Centre
Copenhagen, Denmark

John P.A. Ioannidis
Department of Hygiene and 

Epidemiology
University of Ioannina School 

of Medicine
and
Biomedical Research Institute
Foundation for Research and 

Technology–Hellas
Ioannina, Greece

and

Tufts University School 
of Medicine

Boston, Massachusetts

and

Stanford University School 
of Medicine

Stanford, California



xiv Contributors

Claire Jourdan
Cochin Hospital
Public Assistance—Hospitals 

of Paris
and
Paris Descartes University
and
Federative Research Institute 

on Disability
Paris, France

Arthur Kang’ombe
Department of Health Sciences
University of York
York, United Kingdom

Simon Lewin
Norwegian Knowledge Centre for 

the Health Services 
Norway and Health Systems 

Research Unit
Medical Research Council of South 

Africa
Cape Town, South Africa

Isabelle Marc
Department of Pediatrics
Laval University
Quebec City, Quebec, Canada

Hugh MacPherson
Department of Health Sciences
University of York
York, United Kingdom

Franklin G. Miller
Department of Bioethics
National Institutes of Health
Bethesda, Maryland

David Moher
Clinical Epidemiology Program
Ottawa Hospital Research Institute
Ottawa, Ontario, Canada

Remy Nizard
Department of Orthopedic Surgery 

and Trauma
Lariboisière Hospital
Public Assistance—Hospitals 

of Paris
and
Faculty of Medicine 
Paris Diderot University
Paris, France

Panagiotis N. Papanikolaou
Department of Hygiene and 

Epidemiology
University of Ioannina School 

of Medicine
Ioannina, Greece

Rafael Perera
Department of Primary Health Care
University of Oxford
Oxford, United Kingdom

Serge Poiraudeau
Cochin Hospital
Public Assistance—Hospitals 

of Paris
Paris Descartes University
and
Federative Research Institute 

on Disability
Paris, France

Craig R. Ramsay
Health Services Research Unit
University of Aberdeen
Aberdeen, United Kingdom

François Rannou
Cochin Hospital
Public Assistance—Hospitals 

of Paris
and
Paris Descartes University



xvContributors

and
Federative Research Institute 

on Disability
Paris, France

Keith G. Rasmussen
Department of Psychiatry and 

Psychology
Mayo Clinic
Rochester, Minnesota

Philippe Ravaud
INSERM U738
Paris Descartes University
and
Center for Clinical Epidemiology
Public Assistance—Hospitals 

of Paris
Paris, France

Barnaby C. Reeves
Bristol Heart Institute
University of Bristol
Bristol, United Kingdom

Katherine Sanchez
Cochin Hospital
Public Assistance—Hospitals 

of Paris
and
Paris Descartes University
and
Federative Research Institute 

on Disability
Paris, France

Paula P. Schnurr
National Center for Posttraumatic 

Stress Disorder
White River Junction, Vermont

and

Dartmouth Medical School
Hanover, New Hampshire

Larissa Shamseer
Clinical Epidemiology Program
Ottawa Hospital Research Institute
Ottawa, Ontario, Canada

Sasha Shepperd
Department of Public Health
University of Oxford
Oxford, United Kingdom

Michele Tansella
Department of Medicine and Public 

Health
University of Verona
Verona, Italy

Graham Thornicroft
Health Service and Population 

Research Department
King’s College London
London, United Kingdom

Helen Tilbrook
Department of Health Sciences
University of York
York, United Kingdom

Jorge E. Tolosa
Department of Obstetrics and 

Gynecology
Oregon Health Science University
Portland, Oregon

David Torgerson
Department of Health Sciences
University of York
York, United Kingdom

Tom Treasure
Department of Mathematics
University College London
London, United Kingdom



xvi Contributors

Alexander Tsertsvadze
Clinical Epidemiology Program
Ottawa Hospital Research Institute
Ottawa, Ontario, Canada

Martin Utley
Department of Mathematics
University College London
London, United Kingdom

Patricia Yudkin
Department of Primary Health Care
University of Oxford
Oxford, United Kingdom

Merrick Zwarenstein
Sunnybrook Research Institute
and
Institute for Clinical Evaluative 

Sciences
University of Toronto
Toronto, Ontario, Canada

and

Division of Global Health (IHCAR)
Karolinska Institute
Stockholm, Sweden



Part I

Assessing 
Nonpharmacological 

Treatments: Theoretical 
Framework





3

1
Blinding in Nonpharmacological 
Randomized Controlled Trials

Isabelle Boutron and Philippe Ravaud
Paris Descartes University and
Public Assistance—Hospitals of Paris

1.1  General Framework on Blinding

Blinding is a cornerstone of unbiased therapeutic evaluation [1,2]. Blinding 
refers to keeping key people, such as participants, healthcare providers, and 
outcome assessors, unaware of the treatment administered or of the true 
hypothesis of the trial [3,4].

Blinding of participants and healthcare providers in a trial prevents 
performance bias, which occurs when knowledge of the treatment assign-
ment may affect the willingness of healthcare providers to prescribe and 
participants to take co-interventions, participants to be compliant with the 
assigned treatment, and participants to cross over or withdraw from the trial 
[5–7]. For example, in a randomized controlled trial comparing surgery for 
lumbar intervertebral disk herniation with usual care, blinding of patients, 
care providers, and outcome assessors was not feasible [8]. Lack of blinding 
was responsible for an important contamination between the two groups, 
with 50% of patients assigned to surgery receiving surgery within 3 months 
of enrolment, and 30% of those assigned to nonoperative treatment receiving 
surgery in the same period. Blinding of outcome assessors also minimizes 
the risk of detection bias (i.e., observer, ascertainment, assessment bias). 
This type of bias occurs if participant assignment influences the process of 
outcome assessment [5–7]. For example, nonblinded neurologists assessing 
the outcome of a trial demonstrated an apparent treatment benefit, whereas 

CONTENTS
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1.3	 Conclusion.......................................................................................................8
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blinded neurologists did not [3]. Finally, blinding of data analysts can also 
prevent bias because knowledge of the intervention received may influence 
the choice of analytical strategies and methods [5].

There is some empirical evidence of bias when blinding is lacking. Schulz 
et al. [1] evaluated the association of estimates of treatment effect and lack 
of double-blinding. Trials that were not double-blinded yielded larger effect 
estimates, with odds ratios exaggerated by 17%. Moher et al. [9] performed 
a meta-epidemiological study to estimate the effect of different quality indi-
cators such as adequate randomization generation, allocation concealment, 
and reporting of double-blinding. The authors showed an overestimation of 
treatment effect estimates for randomization, generation, and allocation con-
cealment but not for double-blinding. Recently, Wood et al. [10] showed that 
the impact of blinding depended highly on the type of outcome evaluated; 
in trials with subjective outcomes that lacked blinding, treatment effect esti-
mates were exaggerated by 25%. In contrast, trials with objective outcomes 
showed no evidence of bias. Nevertheless, these meta-epidemiological stud-
ies raise some issues. They are indirect evidence susceptible to a consider-
able risk of confounding. In fact, double-blind randomized trials can differ 
from other trials in other important aspects such as the treatment evaluated 
(pharmacological or nonpharmacological), the randomization procedure, the 
funding source, or other unknown factors. Further, meta-epidemiological 
studies do not take into account: who was blinded, whether blinding was 
efficient, or the possible risk of bias.

Direct evidence of bias demonstrating the influence of lack of blinding is 
sparse. A systematic review of >20 randomized controlled trials with blinded 
and nonblinded outcome assessment showed a substantial impact of the blind-
ing of outcome assessors, especially in trials with more subjective outcomes [11].

The reporting of blinding in published reports of randomized controlled 
trials is frequently inadequate. Most publications use a common termi-
nology of single-blind, double-blind, or triple-blind study. However, this 
terminology should be used with caution. In fact, the use of the terms is 
confusing because it means different things to different people [12,13]. 
For example, a single-blind randomized trial could imply that patients 
are blinded or that outcome assessors are blinded. Further, many authors 
neglect to report whether their trial was blinded, who was blinded, and 
how blinding was achieved [14–16]. Haahr and Hrobjartsson evaluated how 
blinding was reported in 200 blinded randomized clinical trials with arti-
cles published in 2001; 78% of the articles described the trial as “double-
blind,” with only 2% explicitly reporting the blinding status for each trial 
participant (patients, care providers, outcome assessor). After contacting the 
authors of the studies, Haahr and Hrobjartsson [15] showed that about one-
fifth of the “double-blind” trials did not blind patients, care providers, or 
outcome assessors. Hróbjartsson et al. [17] showed that the reporting of data 
related to blinding was better in protocols of studies than the published 
results, but a large proportion of protocols still report blinding unclearly.
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To improve the quality of reporting of blinding, an international group, the 
CONSORT group, developed reporting guidelines, or statements, first pub-
lished in 1996 [18] and updated in 2001 [19,20] and 2010 [21,22]. These guide-
lines are now endorsed and cited in the recommendations to authors of most 
peer-review journals. The guidelines clearly indicate that the authors should 
report “If [blinding was] done, who was blinded after assignment to interven-
tions (e.g., participants, care providers, those assessing outcomes) and how” 
and provide “If relevant, a description of the similarity of interventions.”

1.2  Blinding and Nonpharmacological Trials

Blinding is essential to limit the risk of bias; however, blinding is not always 
feasible. A study of a sample of randomized controlled trials assessing phar-
macological and nonpharmacological treatments in the field of osteoarthritis 
showed that blinding was almost always feasible for patients, care provid-
ers, and outcome assessors in trials assessing pharmacological treatments. 
However, in trials assessing nonpharmacological treatments, blinding was 
considered feasible in only 42% of the trials for patients, 12% for care providers, 
and 34% for outcome assessors. When blinding was judged feasible, the per-
ceived risk of nonblinding was more often considered moderate or important 
in trials assessing nonpharmacological treatments. When blinding was judged 
feasible, it was reported less often in nonpharmacological reports. These differ-
ences are linked to the difficulties of finding a placebo for nonpharmacologi-
cal treatments. In fact, the procedures of blinding mainly rely on the use of a 
placebo defined as a control intervention with similar appearance as the exper-
imental treatment but devoid of the components in the experimental interven-
tion whose effects the trial is designed to evaluate. A placebo is usually feasible 
for pharmacological treatments but raises important issues for nonpharmaco-
logical treatments. For example, what is an appropriate placebo for a surgical 
procedure? for psychotherapy? These issues will be discussed in Chapter 2. 
Frequently, providing a completely similar placebo intervention in the control 
group is not possible, and the use of partial blinding could be proposed. Such 
a procedure should not be considered a panacea because complete blinding is 
not achieved. However, these procedures aim to limit the risk of bias. Patients 
could be blinded to the study hypothesis, that is, patients are aware that they 
will have a 50% chance of receiving one of the two interventions being evalu-
ated, that they do not know which intervention is the most effective, and that 
for scientific reasons, they cannot be informed of all the hypotheses of the trial. 
In other situations, patients could be aware that one of the interventions is a 
placebo but will not be informed of the nature of the placebo.

To overcome the difficulties of blinding patients and care providers, a 
prospective randomized open, blinded end-point (PROBE) study could 
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be proposed [23]. Such a study limits the risk of detection bias because of 
blinded assessment of the outcome. This method has been proposed for 
different types of outcomes. It mainly relies on a centralized and blinded 
assessment of the outcome. For physician-driven data, the study could be a 
centralized assessment of clinical examinations through the use of photog-
raphy, video, or audio of an interview. For example, in a trial evaluating the 
efficacy of multi-wavelength light therapy to treat pressure ulcers in sub-
jects with disorders of the spinal cord [24], photographs of the ulcers were 
taken at the beginning and end of treatment and at 14 days after the last 
session. All evaluations were performed by a blinded outcome assessor. To 
assess the effects of a treatment for verbal communication in aphasia after 
stroke [25], patient responses were tape-recorded and scored by two indepen-
dent blinded observers. When the outcome is a complementary test, a cen-
tralized assessment of the test will avoid bias. In a trial evaluating off-pump 
versus conventional coronary artery bypass grafting—early and 1 year graft 
patency—three cardiologists who were blinded to group assignment simul-
taneously reviewed angiograms [26].

For clinical events such as occurrence of myocardial infarction, a blinded 
adjudication committee is useful. However, this situation still entails a risk 
of bias, particularly if the adjudication committee evaluates and adjudi-
cates only the events identified and transmitted by nonblinded investiga-
tors. Therefore, what was evaluated by the blinded adjudication committee 
must be considered: Did the adjudication committee evaluate all the patients 
included in the study (which is difficult to achieve because of time and cost)? 
Were patients systematically screened by a routine check of biochemical 
markers and electrocardiographic analyses by core laboratories? Were spe-
cific computer algorithms used to identify events? Mahaffey et al. [27] used a 
computer algorithm to show that 270 cases of myocardial infarction (5.2% of 
all patients enrolled) were not identified by site investigators and 134 cases 
(2.6%) identified by site investigators were not confirmed by the adjudication 
committee. Similarly, an independent review of case-report forms from the 
Rosiglitazone Evaluated for Cardiac Outcomes and Regulation of Glycemia 
in Diabetes (RECORD) trial [28] by the U.S. Food and Drug Administration 
(FDA) provided evidence of bias in that investigators were aware of the treat-
ment allocated. In the RECORD study, the method for selecting cases to be 
assessed by the adjudication committee relied on whether the nonblinded 
investigators identified and reported the case. Only 12.5% of the case-report 
forms were reviewed. Errors such as a patient with an event not referred for 
adjudication were systematically bias with more errors in the experimental 
group and 81% of errors favoring the experimental group [27].

A frequent and difficult situation in assessing nonpharmacological treat-
ments is the comparison of the treatment with usual care. In this situation, 
blinding of patients and care providers is not feasible. The risk of bias may 
be particularly important because of the deception of patients who will not 
receive any treatments, which is particularly problematic when the primary 
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outcome is a patient-reported outcome (e.g., pain, quality of life). Some spe-
cific designs may be proposed in these situations. A modified Zelen design 
has been proposed, although it has been criticized for ethical issues [29,30] 
(see Figure 1.1). In a first step, patients are invited to participate in a cohort 
study. They are informed of the different follow-up visits and sign a con-
sent form. In a second step, patients are randomized. Patients randomized to 
receive the experimental treatments are informed and sign a second consent 
form. Such a design avoids deceiving patients. However, this design raises 
some issues. An ethical issue is that some ethics committee will not agree 
to approve studies in which patients will be blinded to study hypotheses. 

Eligible patients

Informed consent to
participate in a cohort

study

Randomization

Usual care

Follow-up visit
ITT analyzes

Follow-up visit
ITT analyzes

Refuse the
intervention
and receive
usual care

Second informed consent

Experimental treatment

Accept and
receive the

intervention

Refuse to participate in a
cohort study

FIGURE 1.1
Modified Zelen design.
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However, this issue has to be balanced with the ethical issue of conducting 
a trial knowing that there will be a high risk of bias. Other issues are related 
to logistics in terms of ensuring that patients from both groups do not meet. 
Finally, this design is not adequate in studies with a high risk that patients 
will refuse the experimental intervention because the analysis will have to 
be an intention-to-treat analysis and the high rate of refusal will decrease 
the power of the trial. Recently, Relton and colleagues proposed the cohort 
multiple randomized controlled trial design, which could also help address 
these methodological issues [31].

When blinding is not performed, the risk of bias must be evaluated. In 
fact, this approach is necessary for the critical appraisal of published results 
of randomized controlled trials but also when assessing the risk of bias in 
trial results included in systematic reviews and meta-analysis. The Cochrane 
collaboration has developed a specific tool to evaluate the risk of bias in ran-
domized controlled trials, the Risk of Bias Tool (the RoB tool) [5]. The RoB tool 
recommends evaluating the risk of performance bias and the risk of detec-
tion bias. The risk of performance bias is high if patients and care providers 
are not blinded and if the outcome is likely to be influenced by the lack of 
blinding (e.g., crossover trials, differential co-interventions, and differential 
attrition). The risk of detection bias will be high if the outcome assessor is not 
blinded and the outcome measurement is likely to be influenced by lack of 
blinding (e.g., subjective outcomes).

1.3  Conclusion

Blinding is essential to limit the risk of bias. However, blinding is more dif-
ficult to achieve and maintain in trials assessing nonpharmacological treat-
ments. There is a need to use creative methods of blinding, and in some 
situations to accept that the only way to limit the risk of bias is to attempt 
partial blinding. Nevertheless, frequently, blinding is not feasible, and evalu-
ating the risk of bias in such studies is necessary.
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2.1  Introduction

One of the first clinical trials to explicitly use a placebo control group was 
published in 1938 by Diel et al. [1]. The trial compared patients treated with 
capsules containing vaccine for common cold with patients treated with pla-
cebo capsules containing lactose. In contrast to previous trials, Diel et al. 
found no effect of oral vaccine.

Since then, a vast multitude of placebo-controlled trials have been conducted. 
A search for “placebo*” in The Cochrane Central Register of Controlled Trials 
in April 2009 provided 111,592 references. The majority of hits are to pharma-
cological trials comparing a drug with a placebo, in some cases as an addition 
to a standard care regime, or as part of a “doubly dummy” design.

Placebo interventions are difficult to define unambiguously [2,3]. However, 
within a clinical trial, a placebo can be characterized as a control intervention 
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with similar appearance as the experimental treatment, but void of the com-
ponents in the experimental intervention whose effects the trial is designed 
to evaluate.

Roughly 24% of contemporary randomized trials indexed in PubMed are 
nonpharmacological [4]. Nonpharmacological trials involve diverse types of 
interventions, and equally diverse types of placebo control groups. For the 
sake of clarity in the following, we will primarily address three types of non-
pharmacological placebo control interventions: devices, surgical interven-
tions, and psychological interventions. These three types of interventions 
exemplify the most typical challenges posed to nonpharmacological trials 
in general.

In this chapter, we will describe and discuss nonpharmacological placebo 
interventions as used in clinical trials. In general, device placebos and surgi-
cal placebos are conceptually similar to pharmacological placebos, though 
they pose some distinctive methodological and ethical issues. In both types 
of trials, there is a noticeable risk of unblinding, and surgical placebo tri-
als carry risks to subjects from the placebo intervention itself. Psychological 
placebos are generally of a different type conceptually, as they are often 
designed to control for specific factors, such as expectancy, and not as a tool 
for blinding. When designing a nonpharmacological trial, or when interpret-
ing the results of such a trial, the exact nature of the placebo intervention 
deserves considerable attention.

2.2  Placebo-Controlled Trials

The main aim of a placebo-controlled trial is to establish whether the compo-
nents of the experimental intervention, hypothesized to be effective, in fact 
can produce clinically significant benefit in patients with a given medical 
condition. Accordingly, the experimental intervention is compared with a 
placebo control that appears indistinguishable and lacks the components of 
the intervention hypothesized to be responsible for its therapeutic efficacy.

There are two fundamental differences between a placebo control group 
and a no-treatment control group. First, a trial using a no-treatment control 
group tests whether an intervention as a whole has an effect. The design 
can say nothing clear about which component within a treatment package 
is the main causal factor. Second, the design is unreliable, especially when 
outcomes are subjective, because it does not permit masking of the study 
intervention and comparator.

The notion of a placebo control is historically linked with the idea that 
placebo interventions cause large effects. Especially after Beecher in 1955 
published a review of the improvements reported in the placebo groups of 
14  trials, it became a standard notion that placebo interventions had large 
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effects on many patients on both objective and subjective outcomes [5]. His 
assessment of “the powerful placebo” was based on a comparison between 
baseline and posttreatment in placebo control groups, and did not control for 
natural fluctuations in the patient’s condition, including spontaneous remission, 
and regression to the mean. Nonetheless, this article was an important factor in 
persuading clinicians that randomized trials were necessary and ethical.

A recent update of a systematic review of 202 randomized trials with both 
placebo groups and no-treatment control groups found small to moder-
ate differences between no treatment and placebo overall, but effects were 
more pronounced in trials with patient-reported outcomes [6]. For pain the 
mean effect corresponded to roughly 6 mm on a 100 mm visual analogue 
scale; however, in certain settings the effect was larger. Four well-performed 
German acupuncture trials reported an effect of placebo acupuncture of 
roughly 17 mm on a 100 mm visual analogue scale. It is noteworthy that the 
patients involved in the trials were falsely informed that the study involved 
a comparison between two types of acupuncture, and not between acupunc-
ture and placebo acupuncture [7]. The effect of placebo was considerably 
smaller in other acupuncture trials [8]. When all trials with continuous out-
comes were examined in a regression analysis, there was a clear tendency 
for larger effects in device placebos and psychological placebos as compared 
with pharmacological placebos. The general pattern of results from the 
review, when disregarding the obvious risk of reporting bias, is that placebo 
interventions can affect subjective outcomes, but that this effect is quite vari-
able, and dependent on underlying causal factors, for example, patient infor-
mation and type of placebo.

Besides controlling for placebo effects, there are additional compelling rea-
sons for implementing masked placebo control groups. Reporting bias occurs 
when patients report their symptoms more favorably than they otherwise 
would have, for example, because of courtesy to the doctor who offers them 
treatment. In the case of placebo-controlled trials of invasive treatments, 
patients may be disposed to perceive or report benefit as a result of having 
undergone a burdensome or seemingly powerful intervention. This type of 
bias is much more likely to occur when an intervention is compared with a 
no-treatment control group instead of a placebo group. Similarly, attrition 
bias occurs when patients stop the trial, or do not adhere to the treatment, 
because they wanted to be in the other treatment group. This type of behav-
ior is also likely to be more pronounced in no-treatment group as compared 
with a placebo group.

It is a common misunderstanding that placebo control interventions have 
to be “inert” [9]. Strictly speaking, classic placebos such as sugar pills and 
saline infusions are not inert, since they contain biologically active ingre-
dients. They are “inert” only in the relative sense that there is no scientific 
reason to think that the sugar or salt in the placebo intervention will have 
an effect on the outcomes of interest in a clinical trial. Similarly, in sham 
surgery trials, comparing a real to a fake surgical procedure, the invasive 
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placebo control obviously is not inert. But as long as the placebo surgical 
intervention does not include the surgical manipulation hypothesized to be 
responsible for the outcomes under investigation, it counts as a valid control. 
Likewise, a sham acupuncture intervention (whether superficial needling at 
non-acupuncture points or a retractable device) constitutes a valid control 
for detecting whether the needling techniques characteristic of traditional 
acupuncture are responsible for clinical effects, regardless of the possibility 
that the physical stimulus provided by the sham acupuncture intervention 
might itself have an effect.

The ethics of placebo-controlled trial has been debated intensely [10]. There 
is no doubt that placebo-controlled trials are used in many situations where 
there is an established treatment. For example, it is routine to use of placebo 
controls in many psychiatric conditions and conditions in which pain is the 
outcome, despite proven effective treatment [11]. The fifth revision (1996) of 
the Helsinki Declaration stated that: “The benefits, risks, burdens and effec-
tiveness of a new method should be tested against those of the best current 
prophylactic, diagnostic, and therapeutic methods. This does not exclude the 
use of placebo, or of no-treatment, in studies where no proven prophylactic, 
diagnostic or therapeutic method exist.” [12]. Taken at face value, this means 
that a large number of placebo-controlled trials would be in violation with 
the fifth revision of the declaration.

However, the sixth revision (2008) is importantly different: “The benefits, 
risks, burdens and effectiveness of a new intervention must be tested against 
those of the best current proven intervention, except in the following circum-
stances: The use of placebo, or no treatment, is acceptable in studies where no 
current proven intervention exists; or where for compelling and scientifically 
sound methodological reasons the use of placebo is necessary to determine 
the efficacy or safety of an intervention and the patients who receive placebo 
or no treatment will not be subject to any risk of serious or irreversible harm. 
Extreme care must be taken to avoid abuse of this option.” [13].

This shift toward endorsing placebo-controlled trials finds support from 
three strange bedfellows. First, the pharmaceutical industry is generally very 
interested in establishing effect beyond placebo, and much less interested in 
a trial that risk showing a drug to be less effective than a standard therapy. 
Second, the U.S. Food and Drug Administration (FDA) are concerned with 
the so-called “assay sensitivity,” by which they mean the ability of trials to 
detect an effect compared with an ineffective therapy, and normally require 
new drugs to show superiority to placebo in at least two trials, before they 
approve new drugs [14]. Third, researchers writing from an evidence-based 
medicine perspective have pointed out that “proven” effective may quite 
often be illusive [15]. What clinicians have thought to be an effective therapy 
has later often been shown to have no effect, or that the harmful effects out-
weighed the beneficial effects. If an intervention falsely is regarded effective, 
and new interventions are compared with this false positive yardstick, we 
risk introducing a number of equally ineffective interventions.
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2.3 � Nonpharmacological Placebo Interventions: 
Device Placebos

To illustrate the nature of contemporary nonpharmacological placebo inter-
ventions, a search on PubMed from November 2008 to February 2009 for 
publications containing the terms placebo* or sham* and indexed as “ran-
domized controlled trial” provided 21 references (Table 2.1). Twelve trials 
used various forms of placebo devices: two trials using ineffective ultra-
sound machines, two trials using ineffective lasers, three trials using inef-
fective magnetic or electric stimulation, and five trials using other forms of 
sham devices, for example, paper filters in an air cleaner. There were six tri-
als with placebo acupuncture or acupressure procedures. One trial used a 
manual placebo procedure, and there were two psychological trials.

The typical nonpharmacological placebo intervention thus seems to be a 
device. An illustrative example is the trial by Sulser et al., investigating the 
effect of high-efficiency particulate arresting (HEPA) air cleaner filters on 
the symptoms of asthma in children and adolescents sensitized to cat and 
dog allergens. The machines containing the filters were identical, and the 
only difference between the “active” and the “placebo” machine was that 
the active air cleaners contained HEPA filters, and that the placebo machines 
contained paper filters.

The trial is very similar to the standard pharmacological placebo-controlled 
trial. It is fairly easy to construct two machines that appear to be identical, 
one with a true HEPA filter and one with a paper filter. The active component 
in the trial is clearly defined and delineated. There are similarly no concep-
tual challenges in constructing placebo devices for ultrasound, or magnetic/
electronic devices, that appear identical to the real devices, but without their 
magnetic or electronic property.

The difference between a pharmacological and a device placebo is most 
often of a practical kind, often concerning the risk of unblinding. Patients 
may try to check whether their intervention is placebo or not and this may be 
easier when treated with a device placebo than a pharmacological placebo. 
For example, in Chen et al.’s trial of magnetic knee wrappers (Table 2.1), it 
would be easy for patients to test whether their wrappers attracted metal 
sometimes during the 12-week period of the trial.

Another difference appears when it is difficult to construct a device pla-
cebo void of the active component tested in the experimental group. For 
example, in Chermont et al.’s trial of the effect of continuous positive airway 
pressure (CPAP) for chronic heart failure, a CPAP placebo was used with 
a low air pressure (0–1 mm H2O) as compared with the higher pressure in the 
real CPAP group (3 mm). This is different from the classic pharmacological 
placebo trial, in that placebos differ from the active treatment in dose, not 
in nature. The procedure is meaningful only as long as the assumption of 
subtherapeutic dose is correct.
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TABLE 2.1

Nonpharmacological Randomized Trials with Placebo Groupsa

Trial Clinical Problem
Experimental 

Procedure Placebo Procedure

Stowell et al. [1] Phlebotomy pain Ultrasound Unclear
Özgönenel et al. [2] Knee 

osteoarthritis
Ultrasound The applicator was 

disconnected to the 
ultrasound machine

Deng et al. [3] Pain after 
thoracotomy

Acupuncture Sham studs not penetrating 
the skin, and placed at sites 
not … true acupuncture 
sites

Elden et al. [4] Pelvic girdle pain 
in pregnancy

Acupuncture Nonpenetrating needles and 
no attempt to evoke “Qi”

Gaudet et al. [5] Labor initiation Acupuncture Needling in sites not known 
to have an effect on the 
initiation of labor

Nordio and 
Romanelli [6]

Insomnia Acupressure Application of wrist pressure 
at a site different from the 
true HT 7 Shenmen 
acupuncture point

Sima and Wang [7] Cisplatin-
induced nausea

Acupuncture Needling at points not 
regarded effective for 
nausea and vomiting

Desantana et al. [8] Postoperative 
pain

Transcutaneous 
electrical nerve 
stimulation

No electronic stimulation, 
but the machine displayed 
an active indicator light

Schutter et al. [9] Mood in healthy 
subjects

Transcranial 
magnetic 
stimulation

The device mimics the 
sound click … but the brain 
is shielded from actual 
stimulation [with an 
aluminum plate]

Lisanby et al. [10] Major depression Transcranial 
magnetic 
stimulation

A magnetic shield “limited 
the magnetic energy 
reaching the cortex 
to 10% ….” Active and 
sham coils had “similar 
appearance, placement, 
and acoustic properties”

Koenigs et al. [11] Emotional 
function in 
healthy subjects

Transcranial 
direct current 
stimulation

Stimulation for only 30 s

Chen et al. [12] Knee 
osteoarthritis

Magnetic knee 
wrap

No magnetic activity

Kuhn et al. [13] Oral mucositis Low-level 
infrared laser 
therapy

The laser was turned off, but 
patients were blindfolded
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TABLE 2.1 (continued)

Nonpharmacological Randomized Trials with Placebo Groupsa

Trial Clinical Problem
Experimental 

Procedure Placebo Procedure

Teggi et al. [14] Chronic tinnitus Low-level laser The [laser] device was 
pointed into the ear canal 
but the laser remained 
inactive

Azarpazhooh et al. 
[15]

Dentin 
hypersensitivity

Ozone machine Machine delivered air

Sulser et al. [16] Asthmatic 
children

Air cleaners with 
HEPA filters

Air cleaners with paper 
filters

Chermont et al. [17] Chronic heart 
failure

Continuous 
positive airway 
pressure (3 mm 
H2O)

Continuous positive airway 
pressure with low pressure 
(0–1 mm H2O)

Lettieri and Eliasson 
[18]

Restless legs 
syndrome

Pneumatic 
compression 
(40 mm H2O)

Pneumatic compression with 
low air pressure (3–4 mm 
H2O)

Perry and Green [19] Nervous activity 
in the lower 
limbs

Lumbar 
oscillatory 
mobilization

Same hand positioning but 
without any oscillatory 
movements

Edinger et al. [20] Insomnia Cognitive 
behavioral 
therapy and 
relaxation

Quasi-desensitization 
procedure

Walkup et al. [21] Childhood 
anxiety

Cognitive 
behavioral 
therapy and 
sertraline

Placebo pill
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A somewhat special type of device trials is sham-acupuncture studies. 
There were 5 placebo acupuncture or acupressure trials among the 12 device 
trials listed in Table 2.1, reflecting that acupuncture placebo trials are common. 
The type of placebo control (usually called sham control within acupunc-
ture research) varied. In one trial, the placebo intervention was penetrative 
(“Needling at points not regarded effective for nausea and vomiting”), whereas 
that was not the case for another trial (“Sham studs not penetrating the skin, 
and placed at sites not … true acupuncture sites”). Placebo acupuncture proce-
dures involve manual manipulation, and typically an intense doctor–patient 
interaction and they therefore differ from most other device placebos. The risk 
of unblinding the patient through subtle cues in the acupuncturist’s behavior 
is considerable, and the effects of needling in non-acupuncture points cannot 
be ruled out [8,16,17].

Placebo-controlled trials of device interventions tend to be conceptually 
similar to trials of pharmacological trials, though in general the practical 
construction of the placebo devices may be more challenging, and the risk of 
unblinding is higher. Acupuncture trials involve additional challenges, for 
example, to deal with intense patient–provider interaction.

2.4 � Nonpharmacological Placebo Interventions: 
Surgical Placebos

In the 1950s, ligation of the internal mammary arteries for angina pectoris 
became popular in the United States. However, two small trials comparing 
the effect of ligation of the internal mammary arteries with the effect of pla-
cebo operation only (skin incision only) concluded that the procedure had no 
effect, and the operation became unfashionable. In 1961, Beecher energeti-
cally described the classic story emphasizing the need for rigorous random-
ized trials of surgical procedures [18].

His call for surgical trials is equally relevant today. The number of ran-
domized trials in surgery is still very low compared with medicine in 
general. Only 10% of trials indexed in PubMed in December 2000 were 
Surgical/procedure trials, whereas 76% of were pharmacological trials [4]. 
Though the scarcity of surgical trials may be explained for reasons of prac-
ticality, history, lack of regulatory oversight requiring clinical trials before 
new surgical procedures are introduced into practice, and sparse fund-
ing sources [19], it remains a public health scandal that numerous surgical 
procedures are not reliably evaluated.

In the comparatively few surgical trials conducted, placebo-controlled tri-
als are rare, though they tend to be highly publicized [20]. An illustrative 
example of a surgical placebo trial is Moseley et al.’s trial of arthroscopic 
lavage vs. arthroscopic debridement vs. placebo surgery in patients with 
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osteoarthritis of the knee [21]. The placebo surgery consisted in three 1 cm 
incisions in the skin after having received a short-acting intravenous tran-
quillizer and an opioid, and spontaneously breathed oxygen-enriched air. 
Patients were unaware of which treatment they had received. The main out-
come was pain after 2 years, and the trial found no difference between the 
three groups.

In the trial by Moseley et al., both active interventions involved instrumen-
tation within the knee joint, not performed on the patients in the placebo 
group. It is meaningful and comparatively easy to clearly define and delin-
eate the active surgical components. From a conceptual point of view, many 
surgical placebos are similar to the trial by Moseley et al. It seems meaning-
ful to construct a placebo surgery procedure as long as the active part of the 
surgical procedure is conducted on an anatomical entity that is either cov-
ered by skin, for example, a bone, or confined within an anatomical space, 
for example, a ligament within a joint, or procedures within the abdominal 
or thoracic cavities. However, some surgical procedures involve procedures 
that are impossible to mimic with a placebo surgery control group, for exam-
ple, amputation of the lower limb.

The main problem with surgical placebo interventions is that, unlike 
pharmacological placebos, they can harm patients directly. The patients in 
the placebo surgical group may have to undergo a skin incision, have pain 
medication or anesthesia, with its potential harmful effects, and risk postop-
erative infection. In that sense, surgical placebo trials involve a more direct 
ethical challenge than pharmacological or device trials, where patients may 
be harmed, but more indirectly only if their participation precludes them 
from access to alternative effective treatment.

The result of the trial by Moseley et al. is much more reliable due to its pla-
cebo procedure than it would have been with a control group receiving usual 
medical therapy to treat pain or a nonblinded no-treatment control group. 
Still, Moseley et al. must have struggled somewhat with the unavoidable 
dilemma of when the added risk to the included patients was outweighed 
by the benefit to future patients. The authors implemented a quite strict 
informed consent procedure, stating that “placebo surgery will not benefit 
my knee arthritis” (44% of screened patients declined). Furthermore, the tri-
alists made an effort to minimize the risk to placebo patients by not giving 
standard general anesthesia.

Surgical placebo trials are similar to the device placebo trials in that there 
often are potential problems of nonblinding. For example, it seems possible 
for some of the patients in the placebo knee surgery group to realize that 
their anesthesia procedure was different from standard procedures, and 
from there deduce that they had received placebo.

Another high-profile surgical placebo-controlled trial evaluated the 
effect of surgical implantation of fetal tissue to patients with Parkinson’s 
disease [22]. The placebo procedure included “the placement of a ste-
reotactic frame, target localization on magnetic resonance imaging, 
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the  administration of general anesthesia with a laryngeal-mask airway, 
and a skin incision with a partial burr hole that does not penetrate the 
inner cortex of the skull.” Whether the added risk to the included patients 
was outweighed by the benefit to future patients in this trial has been dis-
cussed stormily [23,24].

The additional risk involved in surgical trials is not necessarily as dramatic 
as a scull burr hole. The risk involved in some surgical trials is similar to that 
of other generally accepted procedures, for example, “muscle biopsy, bron-
choscopy, and phase 1 testing of experimental drugs in healthy volunteers, 
which do not offer participants a prospect of direct benefit” [25]. Providing 
that the trial authors minimize the risk of the included patients, justify the 
remaining risk necessary to produce scientifically valid results, and care-
fully think through the informed consent procedure, a surgical placebo con-
trol group is not unethical per se.

Surgery is always harmful and sometimes is also beneficial. Placebo-
controlled surgery trials are needed to reliably assess this balance, espe-
cially when outcomes are subjective. The ethical considerations involved 
in any placebo surgery control group needs to be delicately and cautiously 
analyzed, and the conclusion will probably differ according to the clinical 
scenario and the type of placebo surgery involved. However, in general, a 
surgical placebo control group seems attractive when outcomes are subjec-
tive, and the risks of the surgical placebo procedure are minor.

2.5 � Nonpharmacological Placebo Interventions: 
Psychological Placebos

Effects of placebo interventions and effects of psychological interventions 
are both psychologically mediated. The discussion of placebo control groups 
in psychological trials is closely linked to the discussion of what exactly dis-
tinguishes psychological placebo interventions from psychological “verum” 
interventions. Both issues have been hotly debated in psychology for years, 
from Frank’s classic characterization of placebo as a form of psychotherapy [26] 
to a more recent theme issue in Journal of Clinical Psychology [27].

One of the psychological trials listed in Table 2.1 is illustrative: Edinger 
et al. compared cognitive behavioral therapy with a placebo intervention for 
insomnia (there was also a third arm of relaxation training). The cognitive 
behavior intervention consisted of sessions providing practical information 
on sleep and stimulus control, and instructions to establish standard wake-
up times, to get out of bed during extended awakenings, to avoid sleep-
incompatible behavior in the bedroom, and to eliminate daytime napping. 
Furthermore, patients were given an initial time in bed prescription, which 
was modified during the sessions.
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The placebo intervention (“quasi-desensitization”) was presented to 
patients as a method to overcome “conditioned arousal.” Therapists helped 
each patient to develop a hierarchy of common activities he/she did on 
awakening at night (e.g., opening eyes, clock watching). Therapists also 
helped them develop scenes of themselves engaged in neutral activities (e.g., 
reading the newspaper). In each session, patients were taught to pair neu-
tral scenes with items on the hierarchy. The exercise was tape-recorded and 
the patient was given this tape locked in a player. The patients were told to 
practice their exercises at home once each day, but to avoid using the tape or 
exercise during sleep periods.

It is clear that the cognitive behavioral therapy intervention and the pla-
cebo intervention were not identical in appearance. In fact, the two treat-
ments though vaguely similar were quite diverse, and the trial is more like a 
trial of two different, and differently appearing, interventions.

Psychological placebo control groups differ, but will rarely appear similar to 
the experimental intervention. Thus, though they are called “placebo groups,” 
and have some similarities with standard placebo control groups, they are dis-
similar, and in this title we use the term “placebo analogue control group.”

In its most pragmatic, and primitive form, a placebo analogue control group 
consists of a pill placebo. For example, Walkup et al. compared the effect 
of cognitive behavioral therapy, sertraline, and combined therapy, with pill 
placebo (Table 2.1). Other trials compare psychological interventions with 
attention placebos, a kind of basic psychotherapy, often described as “neutral 
nondirective” void of any “specific” content. For example, in one trial of the 
effect of cognitive behavioral therapy for depression after stroke, the “atten-
tion placebo” was described as “a conversation that focused on day-to-day 
occurrences and discussions regarding the physical effects of stroke and life 
changes” [28].

Finally, a third group of placebo control groups have been laboriously 
developed as to be as similar as possible to an experimental psychologi-
cal treatment. Such “authoritative” placebos, after having been successful 
as comparators to a highly specialized psychological intervention, are then 
sometimes used as controls for other, quite diverse, interventions. Examples 
are “quasi-desensitization” described earlier, and “pseudo-meditation” [29].

The basic idea behind such psychological placebo analogues is that patients 
are presented to a treatment with equal credibility as the experimental treat-
ment, and often also equal patient–provider time, and thus positively con-
trol for these two important factors. Placebo analogue control groups are 
fundamentally different from the classic placebo control groups in many 
pharmacological or device trials, because they aim to control for specifically 
defined factors (typically patient–provider time and treatment credibility, or 
sometimes what is called “common factors”), whereas classic placebos aim to 
control for all known and unknown factors.

The major challenge is that placebo analogues cannot control for unknown 
factors. However, as long as patients can perceive the differences between the 


