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ABSTRACT

Introduction Chronic low back pain (CLBP) and
depressive symptoms (DS) are highly prevalent,
burdensome, costly and comorbid health conditions.
Osteopathic manipulative treatment (OMT) was shown

to improve pain and disability in patients with CLBP;
however, the effect on comorbid DS remains less certain.
Interestingly, CLBP and DS seem to be associated with
changes in interoception, which may be reversed by OMT.
Methods and analysis The study protocol proposes a
single-blinded, parallel-group, randomised controlled trial
to investigate the effect of OMT on clinical symptoms
(depression, pain and disability) and interoceptive
functions (interoceptive accuracy, sensibility and
awareness) in patients with CLBP and comorbid DS. A
sample of 60 adult subjects with CLBP and comorbid

DS shall be recruited from osteopathic, orthopaedic and
physiotherapeutic practices and educational institutes for
osteopathy, sports science, psychology and medicine in
Hamburg, Germany. Participants will be randomly allocated
(1:1 ratio) to receive six 45 min treatment sessions of
either OMT (standard-OMT group) or sham treatment
imitating OMT (sham-OMT group). Primarily, symptoms
of depression, pain and disability will be assessed with
the Beck’s Depression Inventory, Second Edition (BDI-I),
Numeric Rating Scale (NRS) and Oswestry Disability Index
(ODI). Secondarily, interoceptive accuracy, sensibility

and awareness will be evaluated using the Heartbeat
Tracking Task (HTT), Multidimensional Assessment of
Interoceptive Awareness (MAIA-2) and confidence-
accuracy correspondence (CAC). Ancillary, the therapeutic
alliance will be investigated with the Helping Alliance
Questionnaire. Data will be collected at baseline (t)), the
first, third and sixth treatment sessions (t,, t,, t) and at
3months follow-up (t,). The findings will be analysed for
between-group differences using descriptive (mean and
SD) and inductive statistics (mixed analysis of variance). It
is hypothesised that standard-OMT, compared with sham-
OMT, will reduce depression, pain and disability (BDI-II,
NRS, 0DI) and increase interoceptive accuracy, sensibility
and awareness (HTT, MAIA-2, CAC) in patients with CLBP
and comorbid DS.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= First trial investigating the effect of osteopathic
treatment on the symptoms and interoception of
patients with chronic low back pain and comorbid
depressive symptoms.

= A randomised controlled trial will be implemented,
and the sample size has been calculated, which rep-
resents the gold standard.

= Osteopathic and sham treatments are based on
previous literature and reported according to estab-
lished guidelines.

= The study will be single-blinded as manual thera-
pists cannot be adequately blinded.

= Eligibility and harms must be precisely defined and
closely monitored to ensure patient safety.

Ethics and dissemination The study was approved by
the ethics committee of the Medical School Hamburg
(MSH-2023/288). The anonymised dataset will be
published in an online repository, and the results will be
published in peer-reviewed scientific journals.

Trial registration number DRKS00031694.

INTRODUCTION

Background

Low back pain and major depressive disorder

Low back pain (LBP) and major depres-
sive disorder (MDD) are highly prevalent,
burdensome and costly conditions that
contribute substantially to the global disease
burden."™ Across the world, LBP was esti-
mated to account for 568.4million preva-
lent cases and 63.7million years lived with
disability,! whereas MDD seems to account for
246 million prevalent cases and 49.4million
disability-adjusted life-years.” LBP and MDD
are among the most expensive health condi-
tions, accounting for healthcare spending of
US$134.5 and US$67.5billion, respectively,
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in the USA alone.* While these conditions are major
health problems on their own, they frequently co-occur.
LBP and MDD seem to show a bidirectional comorbidity,
as evidenced by the longitudinal prospective association
reported between these conditions (LBP was prospec-
tively associated with MDD and vice versa).” For example,
patients with LBP have a higher risk and prevalence of
depressive symptoms (DS),° " which were associated with
higher pain and disability levels as well as lower recovery
rates.” In terms of treatments, patients with LBP or MDD
will likely receive physical or mental health interventions,
respectively. Among others, LBP can be treated with phys-
ical and manual therapies (eg, exercise), whereas MDD
can be treated with psychological and pharmacological
therapies (eg, psychotherapy).” '’ Still, the available treat-
ment approaches are (mostly) moderately effective. In
patients with LBP, the effect sizes for improvements of
pain are large for exercise therapy (standardised mean
difference (SMD): 1.40) and moderate for manual therapy
(SMD: 0.72), whereas the effect sizes for improvements of
disability are moderate for both exercise therapy (SMD:
0.71) and manual therapy (SMD: 0.52)."" In patients
with MDD, the effect sizes for the improvement of DS
are small for antidepressants (SMD: 0.17-0.48),"% and
small to large for psychotherapies (SMD: 0.32-0.81)."
Despite available and effective treatments for LBP and
MDD, many patients do not respond to therapy'*'* and
the burden of these conditions has only increased during
the past decades.'®'” However, interestingly, it was shown
that exercise interventions commonly applied to patients
with LBP may also improve MDD,'® whereas psycholog-
ical interventions commonly applied to patients with
MDD may also improve LBP." Hence, to reduce the high
prevalence, burden and comorbidity of LBP and MDD, it
was proposed to initiate multidisciplinary collaborations
between physical and mental healthcare specialists.”
Recently, osteopathy was proposed as a potential thera-
peutic approach to complement these multidisciplinary
collaborations.'

Osteopathy

Osteopathy is a person-centred healthcare approach
that combines manual treatment and informed advice.*
Patients primarily consult osteopaths for musculoskeletal
pain conditions like LBP,** which are manually treated with
osteopathic manipulative treatment (OMT).** OMT was
shown to be safe and effective for patients with musculo-
skeletal disorders.” *® Specifically, osteopathic care seems
to improve spinal pain conditions.”” For example, OMT
was shown to reduce pain and disability in patients with
chronic LBP (CLBP).***" However, although most orig-
inal studies report reduced pain and improved function
in patients with CLBP after OMT,* " arecent high-quality
clinical trial reported smaller changes and scrutinised
the clinical meaningfulness of these effects.”® Further-
more, the literature is limited by small sample sizes, no
long-term follow-ups and heterogeneity between studies
(regarding the interventions, controls and measures).”

In contrast, the effect of OMT on DS remains less certain.
While an earlier systematic review found mixed evidence
for the effect of OMT on DS in patients with chronic
pain,” a recent meta-analysis reported improved DS after
OMT, particularly in pain populations.”’ However, these
reviews were mostly based on clinical trials that applied
diverse manual therapy approaches, which were not
clearly defined as OMT.* *’ Regarding OMT, some orig-
inal studies reported no effect of OMT on DS,"*" while
others showed significant improvements,**" which may
differ between single osteopathic techniques.”’ Particu-
larly in patients with CLBP, OMT was shown to reduce
DS.” 2% Nonetheless, patients with CLBP and comorbid
DS seem to respond less to OMT (in terms of pain reduc-
tion and functional improvement) than patients with
CLBP showing no comorbid DS.”* In sum, the literature
remains limited, partially inconsistent and heteroge-
neous.” * Thus, future research is required,* particu-
larly on the effect of OMT on comorbid DS in patients
with CLBP.** Conceptually, this research avenue appears
reasonable because both CLBP and DS seem to be asso-
ciated with changes in interoception,” ** whereas the
effects of OMT (on DS) might be mediated by (the effects
on) interoception.”' *’

Interoception

In recent years, the role of interoception in health condi-
tions has been increasingly recognised57 as abnormalities
in interoception seem to underlie both mental health and
chronic pain conditions.””*® Specifically, the current liter-
ature shows that patients with chronic pain conditions
(like LBP) and mental health conditions (like MDD) show
reduced interoceptive accuracy compared with healthy
controls.”” ®* Consequently, it has been suggested that
treatmentapproaches targeting interoception may benefit
physical and mental health conditions.””® Among others,
an approach that seems to affect interoceptive pathways
is affective touch, which activates C-tactile (CT) fibres."!
Interestingly, the stimulation of CT fibres may improve
chronic pain (preliminary evidence) and DS (theoret-
ical perspective) via interoceptive mechanisms.’® * For
example, massage therapies have demonstrated an anti-
depressant effect,’* ® specifically, in patients with chronic
back pain who receive massage using gentle touch to
activate CT-fibres.%® * Hence, it was speculated that ther-
apeutic approaches that use touch, such as OMT, may
benefit physical and mental health conditions showing
interoceptive dysfunctions by activating CT fibres and
modulating interoceptive pathways.?! *~"° Indeed, OMT
produces hyper-parasympathetic and anti-inflammatory
effects, which seem to be mediated by interocep-
tion.®® "' ™ More specifically, osteopathic treatment might
modulate interoceptive pathways by activating CT fibres
through touch.” Beyond theoretical perspectives, it
has been shown that osteopathic treatments influence
interoceptive brain areas in healthy subjects and patients
with CLBP.”! 7277 However, the effect of OMT on intero-
ceptive outcomes remains mixed. While some studies
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showed either no effect,” a non-significant increase”
or a significant increase® in interoceptive accuracy of
healthy subjects after diverse osteopathic techniques,
another study reported increased interoceptive accuracy
after OMT in patients with CLBP.”? In turn, interocep-
tive sensibility in patients with pain was not changed by a
single session of OMT.* Hence, further research on the
effects of OMT on interoceptive accuracy and sensibility
is needed, and pilot trials have already been run.”’

Rationale

Taken together, OMT was shown to be effective for
patients with CLBP. However, the evidence is less certain
regarding the effect of OMT on DS. Both LBP and DS
seem to be associated with altered interoception. In
turn, OMT seems to modulate interoceptive pathways.
Thus, we hypothesise that OMT may improve CLBP and
comorbid DS by restoring interoceptive dysfunctions.
The theoretical basis for these assumptions was derived
from the fields of predictive coding and active inference.
Specifically, it has been proposed that chronic pain®**
and depression®* are characterised by (high precision)
prior interoceptive predictions (beliefs), which are not
updated when confronted with (low precision) actual
interoceptive information (likelihood) that disconfirms

A Pain and
. depression

L‘L‘- joa
~ -~

Prediction Prior

(. )

Likelihood

Prediction Error

the expectations; instead, the beliefs are confirmed
through active inference (producing the expected sensa-
tions through autonomic activity).”’ In turn, we specu-
lated that OMT may produce interoceptive information
that mismatches interoceptive expectations (ie, predic-
tion errors), which will be minimised by perceptual
inference (updating prior beliefs based on actual infor-
mation), thereby reducing the symptoms.”' * In sum, we
speculate that CLBP and DS are associated with active
inference processes that produce the expected symptoms
(due to strong prior beliefs predicting pain and depres-
sion), whereas OMT may initiate perceptual inference
processes that update these prior beliefs (by providing
strong sensory information that contradicts prior beliefs),
thus alleviating the symptoms (figure 1).%!

Objectives

Against this background, we aim to investigate the effect
of OMT (standard-OMT group), compared with sham
treatment imitating OMT (sham-OMT group), on the
clinical symptoms (depression, pain and disability) and
interoceptive functions (interoceptive accuracy, sensi-
bility and awareness) of patients with CLBP and comorbid
DS. Itis hypothesised that standard-OMT will significantly
improve (1) DS (decrease Beck’s Depression Inventory,
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Figure 1 An embodied, predictive and interoceptive framework to osteopathy and mental health (based on Bohlen et al?"). (A)
A patient with chronic pain and comorbid depressive symptoms through the lens of active inference. Due to past experiences
with pain and depression, the patient’s generative model has produced a belief (prior) that predicts physical and mental states
associated with pain and depression as the likely causes of uncertain, and even harmless, interoceptive information (likelihood).
The resulting mismatch (prediction error) between expected and actual (eg, harmful and harmless) interoceptive information

will likely be minimised using active inference. Thus, the expected interoceptive information is produced through action (eg,

of the autonomic nervous system) to make the prediction of interoceptive information associated with pain and depression
come true. Hence, the generative model affords high precision (confidence) to the belief (prior and prediction), and low
precision to the sensory information (likelihood and prediction error), thereby shifting perception towards expectation (putatively
maintaining symptoms through active inference). (B) An osteopathic treatment for a patient with chronic pain and comorbid
depressive symptoms through the lens of perceptual inference. The osteopathic treatment provides surprising and harmless
interoceptive information (likelihood), which is not linked to physical and mental states associated with pain and depression,
thereby contradicting the belief (prior). The resulting mismatch (prediction error) between expected and actual (eg, harmful and
harmless) interoceptive information will likely be minimised using perceptual inference. Thus, the belief (prior) is updated based
on the actual interoceptive information (likelihood) provided during osteopathic treatment, thus revising future predictions to
not expect interoceptive information associated with pain and depression. Hence, the generative model affords high precision
(confidence) to the sensory information (likelihood and prediction error), and low precision to the belief (prior and prediction),
thereby shifting perception away from expectation (putatively alleviating symptoms through perceptual inference).
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Second Edition, (BDI-II) score), (2) pain (decrease
Numeric Rating Scale (NRS) score) and (3) disability
(decrease Oswestry Disability Index (ODI) score) as
well as (4) interoceptive accuracy (increase Heartbeat
Tracking Task (HTT) score), (5) interoceptive sensibility
(increase Multidimensional Assessment of Interoceptive
Awareness (MAIA-2) score) and (6) interoceptive aware-
ness (increase confidence-accuracy correspondence
(CAC) score) compared with sham-OMT.

Trial design

This study protocol proposes a randomised controlled
trial (RCT) with a parallel-group design (1:1 allocation
ratio), which represents the gold standard for trials inves-
tigating the effect of healthcare interventions.” The
research proposal is reported according to the Standard
Protocol Items: Recommendations for Interventional
Trials statement, and the checklist can be found in the
online supplemental material 4.1.%

METHODS: PARTICIPANTS, INTERVENTIONS AND OUTCOMES
Study setting

The study will be conducted in the university outpatient
clinic for sports and exercise medicine of the Medical
School Hamburg (MSH) in Hamburg, Germany. The
study started on 15 July 2024 and is aimed to end on 31
December 2025.

Eligibility criteria

The study will recruit female and male adults with CLBP
and comorbid DS. To be eligible, subjects must report
pain in the lumbar region (International Classification of
Diseases, 10th revision (ICD-10), F.54.5) for >3 months
(chronic) without a recognised underlying pathology
(non-specific) and with comorbid DS.” More specifically,
participants must demonstrate clinically relevant base-
line levels of depression (BDI-IL: >7), pain (NRS: >3) and
disability (ODI: >15).”2% The minimal BDI-II score was
chosen because patients with CLBP show mean BDI-II
scores of 7.846.06" and the cutoff value for clinically
relevant DS in medical conditions ranges between 7 and
20.% % The minimal NRS and ODI scores were chosen
because they reflect threshold values that are commonly
used as inclusion criteria in LBP trials.”” To ensure that
subjects do not fulfil the diagnosis of a moderate or severe
major depression or bipolar affective disorder (based on
Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-b)), a structured diagnostic interview
(Diagnostic Interview for Mental Disorders (DIPS)) will
be conducted at baseline (online supplemental materials
2.19 and 2.20).”° The DIPS was shown to be reliable””’
and valid.” The interviews will be conducted by trained
personnel closely supervised by a licensed psychological
psychotherapist and professor for clinical psychology
and psychotherapy (MS-M). Based on the DIPS, partici-
pants will be included if they are diagnosed with subclin-
ical DS, mild depressive episode (ICD-10, F.32.0), or

recurrent depressive disorder with a current mild depres-
sive episode (ICD-10, F.33.0), and excluded if they are
diagnosed with moderate or severe depressive episode
(ICD-10, F.32.1-3) or bipolar affective disorder (ICD-10,
F.31). Participants who will be diagnosed with moderate,
severe or bipolar depression at baseline cannot partici-
pate in the trial. They will receive feedback on their diag-
nosis, followed by brief guideline-based information on
treatment options.” If they wish, they will be referred to
the university outpatient clinic for psychotherapy at the
MSH for further diagnosis and treatment. Notably, if the
DS deteriorates during the study (defined as BDI-II score
>20), a new DIPS will be conducted, and the subject will
be excluded from participation if a moderate, severe
or bipolar depressive disorder is diagnosed (termina-
tion criteria). Furthermore, children/adolescents (<18
years) and older adults (>60 years) will be excluded!”
due to differences in the symptomatology of CLBP and
DS between age groups.'’’ ' Subjects will be prohib-
ited from participation if they report: (1) pregnancy, (2)
malignancy, (3) obesity (body mass index (BMI): >30), (4)
trauma, surgeries or diseases of the spine (eg, fractures,
spinal fusion or spondylolisthesis), (5) mental disorders
(other than depression), (6) substance abuse/depen-
dence, (7) active suicidal ideation, (8) short duration of
DS (<2 weeks), (9) systemic conditions (eg, inflammatory,
immunological or rheumatological diseases) or (10) an
inability to provide informed consent (eg, due to insuf-
ficient language skills).”” ' Regarding substance abuse/
dependence, subjects with diagnosed substance use disor-
ders (current or in past 12 months), including alcohol
use disorder, are not eligible to participate in this study.
Still, caffeine and tobacco consumption are permitted,
whereas alcohol consumption of more than two drinks
a day for men and one drink a day for women is not
permitted (based on recommendations from'"").

Interventions

Participants will be randomly allocated into an interven-
tion group and a control group. Both groups will receive
six treatment sessions applied once weekly for 45min in
the same facility. The interventions in both groups will
be delivered individually and face-to-face (without equip-
ment). In the intervention group, OMT will be provided,
which refers to the individualised application of manual
osteopathic techniques to alleviate somatic dysfunctions
(standard-OMT group). In the control group, sham treat-
ment will be provided, which refers to the standardised
application of light touch to imitate OMT (sham-OMT
group). The interventions are reported according to the
Template for Intervention Description and Replication
(TIDieR) and Recommendations for the Development,
Implementation and Reporting of Control Interventions
in Efficacy and Mechanistic Trials of Physical, Psycho-
logical and Self-Management Therapies (CoPPS) state-
ments, and a checklist combining both statements can
be found in the online supplemental material 4.2, '%°
Both groups will undergo an anamnesis, inspection and
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manual diagnosis. However, the diagnostic findings will
only be treated individualised with OMT in the stan-
dard-OMT group, whereas the sham-OMT group will
receive standardised light touch independent of the
diagnostic findings. Further information about the anam-
nesis, inspection and diagnosis is provided in the online
supplemental material 1.2. Eight osteopaths (all treat
both groups) with similar characteristics (ie, age, training
and experience) will apply the osteopathic and sham
treatments. Each subject will receive treatment from the
same practitioner over the course of the study (to enable
a solid patient-therapist relationship). The therapists will
be instructed to establish a similar therapeutic relation-
ship with participants from both groups,”' by adhering to
factors that are essential for an advantageous therapeutic
alliance (eg, empathy, positive esteem and consensus on
goals).'"” Personal interactions (eg, small talk) and patient
management approaches (eg, advice) will be allowed in
both groups (and should not differ). More specifically,
patient management approaches commonly used in oste-
opathy will be individually tailored to the participants
(and their conditions) of both groups, including advice
on nutrition, exercise and lifestyle. Importantly, the
anamnesis, inspection, diagnosis, treatment plan, inter-
ventions (standard-OMT and sham-OMT), and patient
management approaches will be documented using a
form that can be found in the online supplemental mate-
rial 2.1. Furthermore, non-adherence of participants with
the interventions and modifications to the interventions
will be documented by the therapists. In contrast, the
adherence and fidelity of providers with the interven-
tions will not be recorded. A consensus training will be
conducted before the study. The control group (treated
with sham-OMT) will be offered a single session of OMT
after the trial (undocumented and free of charge) to
improve recruitment and retention rates. Further infor-
mation about the interventions (ie, similarities and differ-
ences) is provided in online supplemental material 1.3.

Standard-OMT

The intervention group will receive an individualised
osteopathic treatment, which refers to the application of
‘OMT’ to alleviate somatic dysfunctions (standard-OMT
group). In general, OMT can be defined as a manual
treatment approach that applies touch and manual
forces.”’ "% It comprises various manual techniques like
manipulation, mobilisation, massage and stretching.'”
Furthermore, verbal communication may be used in
conjunction with touch to reinterpret sensory infor-
mation (and update prior beliefs).""” Beyond manual
approaches, osteopathic care involves patient manage-
ment approaches, including advice on nutrition, exercise
and lifestyle.” Further information about osteopathy is
provided in online supplemental material 1.1. In this
study, standard-OMT will be individualised for each
participant. This person-centred approach was chosen,
although it cannot be adequately controlled, because it
reflects the real-world application of OMT''! and adheres

to clinical recommendations for chronic pain and depres-
sion.'? ¥ More specifically, the osteopath will choose
freely which manual treatment and patient management
approaches to apply for each subject. Standard-OMT
may comprise all types of osteopathic techniques defined
by the Glossary of Osteopathic Terminology, including
manipulation, mobilisation, myofascial release, muscle
energy, soft tissue, counterstrain, lymphatic pump,
balanced ligamentous tension, stretching, massage,
cranial and visceral techniques.'” These manual tech-
niques aim to alleviate somatic dysfunctions (ICD-10,
M99.0),"* which are characterised by palpable signs of
tissue texture abnormalities, asymmetry, restricted range
of motion and tenderness (TART)."'® Thus, OMT will be
applied to peripheral tissues manually diagnosed with
somatic dysfunction (based on TART), which could be
linked to the patient’s condition (eg, in LBP) based on
clinical reasoning.** Although the manual treatment of
somatic dysfunctions will vary individually, the specific
osteopathic techniques used should largely be outlined
in established textbooks.''*'"?

Sham-OMT

The control group will receive a standardised sham treat-
ment, which refers to the application of ‘light touch’
to imitate OMT (sham-OMT group). In general, sham
conditions in manual therapy trials are difficult to imple-
ment due to challenges like the impossibility of double-
blinding.'® It is particularly challenging to identify the
active ingredient of complex interventions like osteop-
athy and to provide comparable treatment to both groups
(except for the component under investigation).'* '*!
Indeed, active and sham interventions show limited simi-
larity in manual therapy trials."** Still, recent proposals
and guidelines provide novel and valuable resources.'”
2! In this study, sham-OMT comprises the standardised
application of light manual touch to predefined (not
based on palpatory findings) bodily areas (including the
feet, legs, knees, thighs, pelvis, abdomen, chest, shoulder,
arm, elbows, forearms, hands, lumbar and thoracic spine,
neck and head)® without using specific techniques,
procedures or treatment intention.” The sham treatment
procedure was developed by Nguyen et al.*® Therein, light
touch will be applied for five seconds per body region (to
prevent tissue response to the mechanical stimulus) using
spread-out hands (to reduce focalisation of force) ¥ The
sham treatment aims to mimic the characteristics of OMT
in terms of the area and time of contact, the positioning
of the patient as well as the type of touch, pressure and
movement as far as possible. Except for the application
of OMT, the sham-OMT group should receive identical
care (in terms of anamnesis, inspection, diagnosis, verbal
communication and patient management approaches)
compared with the standard-OMT group. The stan-
dardised sham-OMT procedure, as developed and
reported by Nguyen et al,” is outlined in online supple-
mental material 1.4.
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Concomitant care

Participants are permitted to receive concomitant care
for CLBP and/or DS, which may include pharmaco-
logical, non-pharmacological and psychotherapeutic
interventions (eg, pain Kkillers, antidepressants, phys-
ical therapy and cognitive-behavioural therapy). The
type and duration of the therapeutic interventions
each participant receives will be reported at enrolment
(together with the demographic data) using a form that
can be found in online supplemental material 2.2. More-
over, the dosage of these interventions must remain
constant throughout the trial and will be monitored
before each trial session. Subjects showing variation in
the dosage of concomitant care during the trial will be
excluded from participation.

Outcomes

Symptoms (primary outcomes)

The primary outcomes (DS, pain and disability) are listed
in order of their relevance, as previous studies have called
for further research on the effect of OMT on DS,* *
while the effect of OMT on pain and disability in patients
with CLBP is relatively well researched (but still requires
further high-quality studies).28 The English and German
versions of the primary outcome measures can be found
in online supplemental materials 2.3-2.8.

Depressive symptoms

DS will be measured (at t, t, t, t; and t) with the BDII,
which is a 21-item self-report questionnaire (with a 4-point
Likertscale) thatranges from 0-13 (minimal depression),
14-19 (mild depression), 20-28 (moderate depression)
and 29-63 (severe depression).123 The German version
of the BDI-II will be used, which showed high internal
consistency, test-retest reliability, convergence validity
(with the PHQ-9) and discriminant validity (between
patients in remission and non-remission).'** The BDI-I
was chosen to measure comorbid DS in patients with
CLBP because it is widely used, corresponds to diagnostic
(DSM) criteria, and assesses cognitive, affective, somatic
and vegetative symptoms of depression.'* The minimally
clinically important difference (MCID) for DS on the
BDLI ranges between 5 and 11 points™ and will be >5 in
this study.'*

Pain

Pain will be measured (at t, t,, t,, t,, and t.) with the NRS,
which is an 11-point self-report scale ranging from 0 (no
pain) to 10 (worst pain imaginable).126 The NRS showed
excellent test-retest reliability and high construct validity
(with the Visual Analogue Scale (VAS)) in patients with
chronic pain.'®” The NRS was recommended to evaluate
pain intensity in LBP, despite inconsistent findings for
test—retest reliability and construct validity in this popu-
lation, because other measures lack superiority over the
NRS.'* The MCID for the NRS in LBP was defined to be
>2,'* which will be used in this study.

Disability

Disability will be measured (at t, t, t,, t,and t.) using the
ODI, which is a 10-item self-report questionnaire (with a
6-point Likert scale) that ranges between 0 (no disability)
and 100 (worst disability).l‘% The German version of the
ODI will be used, which showed excellent internal consis-
tency, excellent test—retest reliability and good convergent
validity (with the Roland Morris Disability Questionnaire
(RMDQ)) in patients with CLBP."®!' However, there is no
compelling reason to prefer the ODI over other common
measures for LBP-specific disability like the RMDQ), which
shows lower reliability but higher validity." The MCID
for LBP on the ODI ranges between 4 and 16 points'®’
and will be >10 in this study."*’

Interoception (secondary outcomes)

The secondary outcomes (interoceptive accuracy, sensi-
bility and awareness) are listed in order of their rele-
vance, as previous studies have primarily investigated
interoceptive accuracy (higher objectivity and compa-
rability),72 880 and (to a lesser extent) interoceptive
sensibility (lower objectivity and comparability),*" while
interoceptive awareness has not been investigated in the
field of osteopathy. The English and German versions of
the secondary outcome measures can be found in online
supplemental materials 2.9-2.14.

Interoceptive accuracy
Interoceptive accuracy will be measured (att,, t, t, andt,)
using the HTT, which evaluates how accurately subjects
can detect their own heartbeat by comparing actual
and perceived heartbeats.'* Specifically, subjects will be
instructed to count their heartbeats (without manual
palpation) over a period of 25, 30, 35, 40, 45 and 50s
(in random order, with 30s of rest between trials) and
report them verbally to the investigators.'”™ Simultane-
ously, heartbeats will be measured objectively using elec-
trocardiography (with CardioSecur).'™ Based on the
subjective and objective assessment of heartbeats, the
interoceptive accuracy scores will be calculated as follows:
1-— (nbeatsml — nbeatsmpomd) / (nbeatsmpL nbeatsmpomd) /2,
and the six trials will be averaged (scores range between 0
and 1, with higher scores indicating higher accuracy).'* '
Although questions about the validity of the HTT remain,
the measure is commonly used and provides comparable
results.

Interoceptive sensibility

Interoceptive sensibility will be measured (at t, t,, t;and
t.) using the MAIA-2 questionnaire, which is a 37-item
self-report questionnaire with 8 subscales that are rated
on a 6-point Likert scale." Scores will be calculated
for each of the subscales (higher scores indicate higher
interoceptive sensibility): (1) Noticing (eg, “When I am
tense, I notice where the tension is located in my body”);
(2) Not-distracting (eg, “I ignore physical tension or
discomfort until they become more severe”); (3) Not-
worrying (eg, “When I feel physical pain, I become
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upset”); (4) Attention regulation (eg, “I can pay atten-
tion to my breath without being distracted by things
happening around me”); (5) Emotional awareness (eg,
“I notice how my body changes when I am angry”); (6)
Self-regulation (eg, “When I feel overwhelmed, I can find
a calm place inside”); (7) Body listening (eg, “I listen for
information from my body about my emotional state”)
and (8) Trusting (eg, “I trust my body sensations”).'* In
this study, we will use the German version of the MAIA-2,
which was validated in a sample of patients with MDD
and showed acceptable internal consistency for the
subscales.'*! Similarly, there are different MCIDs for each
subscale, and we will adhere to these values outlined in
Eggart et al'!

Interoceptive awareness
Interoceptive awareness will be evaluated (at t, t,, t, and
t,) by calculating the CAC. Specifically, participants will
rate their confidence for the HTT (perceived accuracy
of the response) on an ll-point scale (for each of the
six trials) ranging from 0 (not confident, total guess) to
10 (very confident, full perception).135 Additionally, the
interoceptive measures may be used to model intero-
ceptive prediction errors by calculating the discrepancy
between the (1) HTT and MAIA-2 (interoceptive (trait)
prediction error) and (2) HTT and CAC (interoceptive
(state) prediction error). 142

Clinical and demographic data (additional outcomes)

At baseline (t)), clinical and demographic data will be
collected from participants. This will include informa-
tion about the subject’s age, sex, height, weight, educa-
tion, employment, smoking and prior experience with
OMT as well as the duration of symptoms (CLBP and
DS), concomitant care and medication. The clinical and
demographic data will be recorded with a form that can
be found in the online supplemental material 2.2.

Therapeutic alliance (ancillary outcome)

Ancillary, the therapeutic alliance will be measured (at
t, and t,) using the Helping Alliance Questionnaire
(HAQ), which is an 1l-item self-report questionnaire
(with a 6-point Likert scale)."” There are two subscales,
which are informative of the ‘satisfaction with thera-
peutic outcome’ (items: 2, 3, 4, 5, 11), and the ‘relation
to the therapist’ (items: 1, 6, 7, 8, 9, 1()).144 The German
version of the HAQ will be used, which showed high
internal consistency but low convergent validity (with the
Inventory of Interpersonal Problems) in patients with
persistent depressive disorder.'* In this study, the HAQ
for patients (not therapists) will be used and no MCID
will be defined. This is because we aim to detect putative
differences in the therapeutic alliance between groups
to determine if contextual factors may be responsible for
potential between-group differences. The English and
German versions of the HAQ can be found in online
supplemental materials 2.15 and 2.16.

Feasibility (pilot outcomes)

In a pilot run with twenty subjects (ten per group), the
feasibility of the trial will be investigated by means of the
retention of the subjects, safety of the interventions and
satisfaction of the subjects with the interventions. The
safety of the interventions will be investigated by dividing
the number of adverse events that occurred until follow-up
through the number of subjects at follow-up (per group)
and multiplying the resulting number by 100.'*> This
adverse events rate (in percentage) must be <6% to be
considered feasible.” The retention of participants in the
trial will be assessed by dividing the number of subjects
at baseline by the number of subjects at follow-up and
multiplying the resulting number by 100.'* This reten-
tion rate (in percentage) must be 280% to be considered
feasible.'*® The patient satisfaction with the interven-
tions will be evaluated (at t.) by asking participants the
following question at follow-up: “How satisfied are you with
the treatment?” The participants will be asked to rate their
overall satisfaction with the treatment on an 11-pointscale
ranging from 0 (extremely dissatisfied) to 10 (extremely
satisfied)."*” To be feasible, the average satisfaction score
must not be <4 in both groups. The English and German
versions of the forms to assess adverse events and patient
satisfaction can be found in online supplemental mate-
rials 2.17, 2.18 and 2.23, 2.24.

Participant timeline

The schedule for the enrolment, interventions and
assessments is depicted in table 1. All measurements are
performed before the interventions.

Sample size

A prospective power analysis was carried out to deter-
mine the sample size for this RCT.'*® The required
sample size was calculated with G*Power.'* '°° There-
fore, a trial investigating the effect of massage on
depression in subjects with back pain was used.”” The
analysis used BDI-II scores. Based on an assumed type
I error level of 0.05, a statistical power of 95%, a mean
difference of -11.04 (intervention group) and -0.29
(control group), a pooled SD of 10.06, and using a
two-tailed test, a total sample size of 48 participants
was calculated. Considering an estimated drop-out of
20%, the sample size for a future RCT was determined
to be 58 participants. Hence, a sample of 30 subjects
per group (N=60) should be recruited.

Recruitment

Participants will be recruited through posters and flyers,
which will be posted at various osteopathic, orthopaedic
and physiotherapeutic practices as well as educational
institutes for osteopathy, sports science, psychology and
medicine in Hamburg, Germany. Furthermore, the
posters will be shared on social media and websites. It is
expected that a sufficient sample of subjects with CLBP
and DS will be recruited from these facilities because
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Table 1 Participant timeline
First Second Third Fourth Fifth Sixth
Baseline  session session session session session session Follow-up
t, i i, t, i, t t, t,
Enrolment Screening X
Consent X
Randomisation X
Demographics X
DIPS X
Interventions Standard-OMT X X X X X X
Sham-OMT X X X X X X
Outcomes BDI-II, NRS, ODI X X X X X
HTT, MAIA-2, CAC X X X X
HAQ X X
AEs X X X X X X X
BC, PS X

AEs, adverse events; BC, blinding concealment; BDI-Il, Beck's Depression Inventory, Second Edition; CAC, confidence-accuracy correspondence;
DIPS, Diagnostic Interview for Mental Disorders; HAQ, Helping Alliance Questionnaire; HTT, Heartbeat Tracking Task; MAIA-2, Multidimensional
Assessment of Interoceptive Awareness-2; NRS, Numeric Rating Scale; ODI, Oswestry Disability Index; OMT, osteopathic manipulative treatment;
PS, patient satisfaction; Sham-OMT, Control Group receiving Sham Treatment; Standard-OMT, Intervention Group receiving Osteopathic Treatment.

patients frequently consult osteopaths for LBP* and use
complementary therapies for DS.'!

Patient and public involvement

Patients and/or the public were not involved in the
design, or conduct, or reporting, or dissemination plans
of this research.

METHODS: ASSIGNMENT OF INTERVENTIONS

Allocation

Sequence generation

Simple randomisation will be used to allocate subjects
into an intervention group (standard-OMT) and a control
group (sham-OMT) (1:1 ratio, n=30). The allocation
schedule will be based on random computer-generated
numbers (http://www.randomization.com). Notably, this
approach is at risk of generating an unbalanced sample
and investigators must closely monitor the distribution
across groups.l‘:'2

Allocation concealment mechanism

The group allocation (as determined by randomisation)
will be concealed from subjects, outcome assessors and
statisticians. Therefore, sealed envelopes will be used to
inform the therapists about the group allocation of the
participants.

Implementation

The randomisation sequence and allocation concealment
will be generated and ensured by a principal investigator
(TS), while the outcome assessors and statisticians will be
blinded to the process.

Blinding

The trial will be single-blinded. The participants, statis-
ticians and outcome assessors will be blind to the condi-
tions. However, the therapists will not be blinded because
of the recognised impossibility of blinding manual ther-
apists in clinical trials (ie, practitioners must always be
aware of the manual approaches they apply with their
hands).'* Participants will be asked at follow-up (t7) if
they think they were part of the intervention or control
group (to assess blinding concealment). More specifi-
cally, participants will be asked: “Did you think you received
the osteopathic or sham treatment?’. For both groups, the
number of subjects that guessed the condition incorrectly
will be divided by the total number of subjects, which will
then be multiplied by 100.

METHODS: DATA COLLECTION, MANAGEMENT AND ANALYSIS
Data collection methods

Participants will provide informed consent, demographic
(age, sex, height, weight, education, employment,
smoking and prior experience with OMT as well as the
duration of CLBP and DS, concomitant care and medica-
tion), and clinical data (BDI-II, NRS and ODI) at the base-
line (t,) to determine eligibility and evaluate intergroup
comparability. The trial will be carried out over 18 weeks,
comprising a 6-week trial (with one treatment session per
week) and a 3-month follow-up.” Primary and secondary
outcomes will be collected before treatment at the first,
third and sixth session (t, t, and t;) and at follow-up
3months after the sixth session (t,), while the ancillary
outcome will be collected before treatment at the third
and sixth session (t, and t;) and the pilot outcomes will be
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collected before treatment at all sessions (t—t;) and/or at
follow-up (t,) (table 1).

Data management

All data will be stored electronically at the university and
will be secured by password protection. Confidentiality
will be ensured as the data will be pseudonymised and a
coding list will be stored separately (on paper in a lock-
able cabinet). Only the principal investigator (LB) will
have access to the coding list. After 5 years, the coding
list will be destroyed, and all data will be anonymised.
Storing the coding list for 5 years enables the researchers
to contact the participants in case of abnormal findings
or for recruitment in future studies. Data sharing will
follow the FAIR Data Principles (Findable, Accessible,
Interoperable and Reusable).”® The anonymised data
will be published permanently in the online repository
‘Open Science Framework’ (https://osf.io).

Statistical methods

Data will be analysed with descriptive and inductive statis-
tics using IBM SPSS Statistics (V.28.0.1.1). Descriptive
statistics for all outcomes, groups and time points will be
presented by mean and SD. Furthermore, the BMI will
be calculated, using the participants’ weight (kilogram
(kg)) and height (metres (m)), as follows: BMI:kg/mQ.
Inductive statistics will use the outcomes as dependent,
and interventions as independent, variables. The signif-
icance level will be set at p<0.05. Baseline data (clin-
ical and demographic characteristics) will be tested for
between-group differences (intergroup comparability)
using descriptive statistics. Outcome data (symptoms and
interoception) will be tested for between-group differ-
ences using a mixed analysis of variance. In detail, the
primary (BDI-II, NRS and ODI) and secondary outcomes
(HTT, MAIA-2 and CAC) will be assessed for between-
group differences at t, t,, t, and t.. The ancillary outcome
(HAQ) will be evaluated for between-group differences at
t, and t,. No subgroup analyses are planned, and missing
data will be omitted (listwise deletion).'”*

METHODS: MONITORING

Data monitoring

A data monitoring committee will not be implemented,
because they are not needed for early-stage trials assessing
symptom relief.'® The trial will be stopped and termi-
nated if serious adverse events arise in more than three
participants, or mild and moderate adverse events arise
in more than a quarter of the participants. Notably, active
and acute suicidality represents a serious adverse event
and termination criteria, leading to the termination of
the subject’s trial participation. The handling of adverse
events is outlined below.

Harms
There are risks to the participants (due to the inter-
ventions) that need to be considered. On the one

hand, OMT appears to be safe for people with CLBP as
adverse events are mostly mild or moderate (eg, short-
lived musculoskeletal complaints like pain in the treat-
ment area, bruising, headache, fatigue and stiffness)
and serious side effects are rare (eg, discs herniation,
cauda equina syndrome, arterial wall dissection, neuro-
logical impairment, stroke or death).” '® 7 On the
other hand, the harms of OMT for people with DS are
largely unclear. Hence, in this study, safety protocols will
be implemented to detect and manage adverse events.
Subjects will be asked about harms to their physical and
mental health before each trial session and at follow-up.
The investigators will assess and report any adverse events
(including the type, location, severity, onset, functional
limitation and actions taken and needed) using a desig-
nated form that can be found in online supplemental
materials 2.17 and 2.18 (including English and German
versions). Additionally, participants will be instructed to
report harms that occur outside the trial sessions (and
up to 3months after the trial) by email or telephone
(pending their severity). Importantly, subjects will have
an emergency telephone number to communicate harms
to the investigators and receive immediate care for phys-
ical or mental adverse events that may arise. In detail, the
emergency number for adverse events will be available
for the entire trial, including the follow-up (18 weeks),
during standard working hours (Monday to Friday
between 9:00 and 17:00 hours). The emergency number
will be operated by a listed general practitioner (TS). For
physical adverse events, the general practitioner (TS)
will assess the participants. If mild or moderate physical
adverse events occur, the physician will offer medical or
osteopathic treatment. If severe physical adverse events
occur, the participant will be referred to further medical
or emergency care. For psychological adverse events, the
general practitioner (TS) will forward the participant by
telephone to a psychological psychotherapist (MS-M)
using a different telephone number. If mild or moderate
psychological adverse events occur, the psychotherapist
will offer psychological treatment. If severe psychological
adverse events occur, the participant will be referred to
psychiatric or emergency care. If a participant reports
suicidal ideation or attempted suicide during the study,
the investigators and therapists will follow the Standard
Operating Procedure for suicidality of the MSH (online
supplemental materials 2.21 and 2.22).

Auditing
Not applicable.

ETHICS AND DISSEMINATION

Research ethics approval

This study protocol was approved by the ethics committee
of the MSH (MSH-2023/288). Further, the trial will

adhere to the ‘Declaration of Helsinki’.!%®

Protocol amendments
Important modifications of the study protocol after trial
registration, ethical approval and/or publication of the
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study protocol will be documented and reported in the
publication of the trial results. In general, changes to the
study protocol can be tracked via the protocol version
identifier.

Consent or assent

Informed consent will be obtained from voluntary partic-
ipants before the trial by the principal investigators (LB
and TS). Participants will be briefed about the scope of
the research and the requirements and risks associated
with participation (in lay language, until the informa-
tion is understood)."™ Further, it will be ensured that
subjects can revoke their consent for participation at any
time without negative consequences.'” Data will only be
used for the purposes outlined in the information sheets.
However, the anonymised data will be published in the
online repository ‘Open Science Framework’ (https://
osf.io) and might therefore be reused or reanalysed in
the future. Model sheets for the ‘Participant Informed
Consent Form’ and the ‘Participant Information Sheet’
can be found in online supplemental materials 3.1-3.4
(including English and German versions).

Confidentiality

Confidentiality will be ensured by pseudonymisation
and subsequent anonymisation of the collected data. In
other words, identifying information from participants
will be stored separately from the research data to secure
the privacy of participants.'® Only a principal investi-
gator (LB) will have access to the identifying informa-
tion of participants. After 5 years, the coding list will be
deleted, and all data will be anonymised. Data will only be
published in anonymised form.

Access to data

All investigators will have access to the pseudonymised
dataset during the trial and the public will have access to
the anonymised dataset after trial completion; however,
the identifying information can only be accessed by one
of the principal investigators (LB). Furthermore, the trial
will adhere to the general data protection regulation162
and participants will retain ownership of the data they
provide and can request its deletion or anonymisationm%
until the completion of the trial, after which the data will
be anonymised and published in the online repository
‘Open Science Framework’ (https://osf.io).

Ancillary and post-trial care

After the study, the control group (treated with
sham-OMT) will be offered a single session of OMT to
improve recruitment and retention rates.

Dissemination policy

The results of the trial will be published in peer-
reviewed scientific journals. The data will be made
accessible in the online repository ‘Open Science
Framework’ (https://osf.io) after trial completion.
The contributors to this study protocol will be authors

of the publication. Other investigators may join the
study and team of authors if they make significant
contributions to the implementation of the study
and/or preparation of the manuscript.
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