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STUDY SYNOPSIS

Sponsor-Investigator | Petra Schweinhardt, MD, PhD, Head of Research Department of Chiroprac-
tic Medicine University Hospital Balgrist

Study Title: MRI-quantified Changes in Perfusion and Diffusion in Spinal Segments after
High-Velocity, Low-Amplitude Spinal Manipulation: A Randomized Con-
trolled Trial

Short Title / Study ID: Spinal Segment MRI Perfusion and Diffusion Response to Spinal Manipula-
tion in Low Back Pain Patients

Protocol Version and | V3, 22.11.2018

Date:

Trial registration: http://www.clinicaltrials.gov and http://www.snctp.ch

Study category and Clinical Study Category A, other clinical trials, this study includes an inter-
Rationale vention that is neither a drug nor a transplant.

Clinical Phase: n/a

Background and Ra- | As a non-invasive treatment method, high-velocity, low-amplitude spinal
tionale: manipulative therapy (SMT) is used in the conservative treatment of non-
specific low back pain (LBP). Several studies suggest an association with
favourable outcome. However, the overall effect size of clinical improvement
following SMT remains modest'”. Most research on the effectiveness of
SMT on back pain is conducted on patients suffering from “non-specific”
LBP, the diagnosis of which is usually based upon the criterium that pain is
not attributed to a recognizable pathology (e.g., infection, tumor, mflamma—
tory diseases, fractures, disc herniations with nerve compression)®. In most
of these studies, it is unclear whether patlent s diagnoses were based upon
more than history and clinical examination'?. We argue that in the majority
of cases, back pain labelled as non-specific might be more accurately la-
belled as non-specified and does have an attributable source and cause,
whether we are able to recognize it or not. Therefore, if the diagnosis of
non-specific LBP comprises heterogenic conditions, it |s unllkely that pa-
tients will respond to one therapeutic modality equally®’

Diffusion-weighted MR-imaging (DWI) is an application of magnetic reso-
nance imaging that allows the measurement of water movement within and
between tlssues and is increasingly being used to study musculoskeletal
physiology'?. Because DWI is sensitive even to small changes in fluid flow,
it is potentially valuable i in the study of altered diffusion in various diseased
or injured spinal tissues'>'*. Studies using DWI have suggested that chang-
esin d|ffu3|on within lumbar mtervertebral discs occur in response to joint
moblllzatlon , prone press-ups'®, spinal traction'* and spinal manipulative
therapy'” Intravoxel mcoherent motion (IVIM) is a method proposed in
1988 by Le Bihan et al. which addltlonally extracts information on microvas-
cular blood flow (capillary perfusion) as pseudo dlffu3|on from diffusion-
weighted imaging acquired at different b-values'®®. It is used to generate
separate images of diffusion and perfusion without requiring the injection of
exogenous contrast agents. Originally developed in brain studies, it has
been used in recent years to study perfusion in musculoskeletal tissue®"%.
There is a paucity of research addressing phyS|oIog|caI events following a
SMT intervention for patients with low back pain'’. A deeper understanding
of local biomechanical and neurophysiological effects of SMT interventions
will help refine its utilization and improve its effectiveness®
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Objectives: The main objective of this study is to quantify changes in diffusion and per-

fusion in the intervertebral disc and adjacent spinal muscle tissue of a spinal
segment receiving SMT or control intervention and to evaluate whether
those changes differ in spinal segments with or without degenerative
changes in low back pain patients.

The second study objective is to evaluate the repeatability of IVIM-MRI for
quantifying perfusion changes in musculoskeletal tissues and to assess
diurnal changes in perfusion and diffusion parameters in spinal tissues as a
positive control.

Outcomes: The primary study outcome is the change in diffusion (AADC) and perfusion
(A perfusion fraction, A pseudodiffusion coefficient) parameters measured
on DWI and IVIM MRI in the intervertebral disc and adjacent spinal muscle
tissue of a lumbar spinal segment following a lumbar SMT or control inter-
vention to that segment, or, for controls, after 20 minutes of lying in supine
resting position.

Secondary outcomes are the repeatability and diurnal changes of diffusion-
and perfusion-weighted MRI parameters in musculoskeletal tissue in con-
trols, the severity of degenerative changes classified according to the Pfirr-
mann- and Weishaupt-Classification on MRI, clinical baseline parameters,
pro- and anti-inflammatory markers in the obtained blood samples and
changes in pain intensity on a numerical pain rating scale after the interven-
tion.

Study design: Randomized controlled clinical trial

DWI-IVIM_SMT, Version 3,22.11.2018 Page 7 of 36
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Inclusion / Exclusion | Inclusion criteria:

criteria: Patients:

(a) Persons over 18 years and below 75 years of age with low back
pain of any duration clinically not attributable to “red flags” (i.e., in-
fection, trauma, fractures, inflammatory spondylarthropathies).

(b) Source of LBP clinically at the L4/5 or L5/S1 segment

(c) Duration of LBP is longer than 4 weeks

(d) Obtained informed consent.

Controls:

(a) Persons over 18 years and below 75 years of age who have not suf-
fered from low back pain in the last year and have never experi-
enced low back pain for longer than 7 consecutive days.

(b) Obtained informed consent.

Exclusion criteria:
Subjects are excluded from enrolment if they

a) have undergone spinal surgery in the lumbar spine

b) have undergone facet joint, epidural or periradicular injections in the
last 6 months

c) had a spinal manipulative therapy intervention in the past 2 weeks

d) have spinal abnormalities (benign or malignant tumors, congenital
anomalies, isthmic spondylolisthesis)

e) have any contraindication to spinal manipulative interventions or are
deemed unable to tolerate SMT to both body sides (e.g. pain at-
tributable to above mentioned red flags, inability to perform side-
lying without pain, radiculopathy with motor deficits <M4-, severe
spinal canal stenosis)

f) have any contraindication to MRI (e.g. heart pacemaker, metallic
foreign body or claustrophobia)

g) are pregnant

h) have neurological deficits related to their back pain

DWI-IVIM_SMT, Version 3,22.11.2018 Page 8 of 36
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Measurements and 45 minutes prior to the first round of imaging, patients and controls provide
procedures: baseline |nformat|on on current pain and function (painDetect
questionnaire®*, Oswestry Disability Index (ODI)®). Additional information is
collected on the localization of pain (pain drawing), whether back or leg pain
is dominant, and whether there is a preference in movements or activities
(e.0. walklng S|tt|ng for a long time, rising from sitting, forward bending or
standing)

Patients and controls then undergo a clinical examination including assess-
ment of blood pressure and pulse, lower extremity neurological examina-
tion®’, nerve tension tests active range of motion of the lumbar spine, facet
joint provocatlon test *"*?, and palpatory segmental examination of the lum-
bar spine®**. In patients, the skin above the interspinous ligament causing
the most pain upon palpation by the examiner is marked with pen. A blood
sample of approximately 10-15 ml is obtained from participants agreeing to
additionally undergo venipuncture by a medical professional trained in veni-
puncture. This procedure is not mandatory and is agreed to separately in
the informed consent form. The examination is followed by a rest period of
10 minutes.

Patients and controls are then evaluated in the MRI-Scanner lying supine.
Upon completion of this scan, patients will be randomized either to receive
either a total of two spinal manipulative interventions, first in right, then left
side-lying position at the segment of the marked interspinous ligament, or
receive only pre-SMT positioning by the chiropractor administering the inter-
vention, who places his/her hand on the site of the marked skin above the
interspinous ligament without applying pressure, preload or thrust in right
and left side-lying position.

For patients, three sequential post intervention MRIs are performed imme-
diately after the intervention. Once imaging is complete, the patients exit the
scan room and provide post-intervention information on current pain-
intensity. Blood pressure and pulse are reassessed. Patients will be con-
tacted after 1 week, 1 month and 3 months and follow-up data will be col-
lected on pain and disability.

Controls are reassessed in a second MRI after 20 minutes of supine lying to
assess the repeatability of IVIM imaging, and will undergo a third imaging
sequence approximately 10 hours later (after partaking in activities of daily
life as normal, but excluding strenuous physical activity) in order to assess
diurnal changes in perfusion and diffusion parameters on IVIM and DWI|
imaging. This scan will serve as a positive control that diurnal changes i in_
diffusion parameters described in the nucleus pulposus can be detected®

DWI-IVIM_SMT, Version 3,22.11.2018 Page 9 of 36
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Study Product / In- A change from supine position to right-side lying position. The patient is
tervention: positioned by the chiropractor (licensed by the swiss federal authorities)
administering the intervention, and receives a spinous push-pull SMT inter-
vention as described by Bergman et al. at the previously marked segmentss.
Specifically, the patient lies in side-lying position, with the hip of the up-side
leg flexed to ca. 90° and the foot of the flexed leg hooked behind the poplit-
eal space of the down-side leg. The chiropractor stands facing the subject at
a 45°-angle, fixating the flexed knee with his own knee/thigh. The fingertips
of the cephalic hand reach under the patient’s up-side arm to contact the
up-side lateral surface of the superior spinous process. The fingertips of the
caudal hand hook the inferior spinous process, contacting the down-side
aspect of the spinous process, while the forearm contacts the patient’s pos-
terolateral buttock and thigh. The cephalic hand thrusts lateromedially and
caudocranially, from up-side toward down-side (“push”). The caudal hand
thrusts lateromedially in the opposing direction, from down-side toward up-
side, toward the chiropractor (“pull”).

The SMT intervention is repeated after the subject turns to left side lying.
The subject then resumes supine position.

Control Intervention A change from supine position to right-side lying position. The subject is

(if applicable): positioned with the hip of the upper leg flexed to ca. 90° and the foot of the
flexed leg hooked behind the popliteal space of the down-side leg. The chi-
ropractor stands facing the subject at a 45°-angle, fixating the flexed knee
with his own knee and placing his hand on the previously marked segment.
No pressure, preload or thrust is administered. This intervention is repeated
after the subject turns to left side lying.

The subject resumes supine position.

Number of Partici- After calculating the sample size based on an analysis of existing data'”'®,

pants with Rationale: | 50 patients and 20 controls are expected to be included in this study within
a recruiting period of 12 months.

Study Duration: The estimated duration for the main investigational plan is 24 months

Study Schedule: September 2018: Application for ethical approval

December 2018: Inclusion of first participant

December 2019: Inclusion of last participant

June 2020: Statistical analysis, Report

Investigator(s): Dr. med. chiro. Malin Mithlemann, Universitatsklinik Balgrist, Forchstrasse

340, CH-8008 Ziirich, Tel +41 44 386 57 12
malin.muehlemann@balgrist.ch

M. chiro. med. Luana Nyird, Universitatsklinik Balgrist, Forchstrasse 340,
CH-8008 Zirich, Tel +41 44 386 57 28
luana.nyiroe@balgrist.ch

PD Dr. med. Reto Sutter, Universitatsklinik Balgrist, Forchstrasse 340, CH-
8008 Zirich, Tel +41 44 386 11 11

PD Dr. med. Lukas Filli, Universitatsklinik Balgrist, Forchstrasse 340, CH-
8008 Zirich, Tel +41 44 386 11 11

Dr. Stefan Dudli, PhD, University Hospital Zurich Center of Experimental
Rheumatology, Balgrist Campus, Lengghalde 5, CH-8008 Ziirich

PD Dr. Daniel Nanz, Balgrist Campus, Lengghalde 5, CH-8008 Ziirich

Prof. Dr. med. Mazda Farshad, Universitatsklinik Balgrist, Forchstrasse 340,
CH-8008 Ziirich, Tel +41 44 386 11 11
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Study Centre(s): University Hospital Balgrist
Forchstrasse 340

CH-8008 Ziirich

and

Balgrist Campus

Lengghalde 5

8008 Zurich
Statistical Considera- | Parametric and non-parametric statistical tests will be performed as appro-
tions: priate. After an analysis of existing data'”'®, 50 patients and 20 controls are
expected to be included in this study within a recruiting period of 12 months.
GCP Statement: This study will be conducted in compliance with the protocol, the current

version of the Declaration of Helsinki, the ICH-GCP or ISO EN 14155 (as far
as applicable) as well as all national legal and regulatory requirements.
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Abbreviations

AE Adverse Event

ADC Apparent Diffusion Coefficient

ASR Annual Safety Report

BASEC Business Administration System for Ethical Committees
CA Competent Authority (e.g. Swissethics)

CEC Competent Ethics Committee

CRF Case Report Form

ClinO Ordinance on Clinical Trials in Human Research (in German: KlinV, in French: OClin)
eCRF Electronic Case Report Form

CT Computed tomography

CTCAE Common terminology criteria for adverse events
DWI Diffusion-weighted imaging

EP End plate

FSE Fast Spin Echo

GCP Good Clinical Practice

HRA Federal Act on Research involving Human Beings
HVLA High-velocity, low-amplitude

ISO International Organisation for Standardisation
IVIM Intravoxel incoherent motion

MD Medical Device

MRI Magnetic resonance imaging

ODI Oswestry Disability Index

PI Principal Investigator

SMT Spinal Manipulative Therapy

SOP Standard Operating Procedure

SUSAR Suspected Unexpected Serious Adverse Reaction
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STUDY SCHEDULE

Study Periods Screen- | Intervention Period Follow | Follow | Follow
ing up 1 up 1 up 3
week month | month
s

Visit 1 2 2 2 2 3 4 5

Time (minutes) -45 -15 0 +5 +10 +7 +30 +90
hours | days days days

Patient Information and X
Informed Consent

Demographics

Medical History

In- /Exclusion Criteria

Physical Examination

Optional Blood Sample

Pain Questionnaires

Vital Signs

XX [ X[ XX | X[ X ]|X

Pregnancy Test (if
needed)

Randomisation

Diffusion- and Perfu- X X
sion-weighted MRI for
Patients

Diffusion- and Perfu- X X X
sion-weighted MRI for
Controls

Administration of Inter- X
vention/ Control Inter-
vention for Patients

Supine Lying for Con- X
trols

Primary Variables: MRI X X X

Secondary Variables X

Concomitant Therapy, X X X
Intervention

Adverse Events X X X X X X X
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1. STUDY ADMINISTRATIVE STRUCTURE

1.1 Sponsor and Principal Investigator

Petra Schweinhardt, MD, PhD, Balgrist Campus AG, Lengghalde 5, CH-8008 Zirich, is going to supervise
data collection and management as well as analysis and interpretation.

1.2 Investigator(s)

Dr. med. chiro. Malin Miihlemann, Universitatsklinik Balgrist, Forchstrasse 340, CH-8008 Zirich
Tel +41 44 386 57 12, malin.muehlemann@balgrist.ch

M. chiro. med. Luana Nyir®, Universitatsklinik Balgrist, Forchstrasse 340, CH-8008 Zrich
Tel +41 44 386 57 28, luana.nyiroe@balgrist.ch

PD Dr. med. Reto Sutter, Universitatsklinik Balgrist, Forchstrasse 340, CH-8008 Ziirich reto.sutter@balgrist.ch
PD Dr. med. Lukas Filli, Universitatsklinik Balgrist, Forchstrasse 340, CH-8008 Zurich lukas filli@balgrist.ch

Dr. Stefan Dudli, PhD, University Hospital Zurich Center of Experimental Rheumatology, Balgrist Campus,
Lengghalde 5, CH-8008 Ziirich

PD Dr. Daniel Nanz, Balgrist Campus, Lenngghalde 5, CH-8008 Ziirich, daniel.nanz@balgristcampus.ch

Prof. Dr. med. Mazda Farshad, Universitatsklinik Balgrist, Forchstrasse 340, CH-8008 Zirich
mazda.farshad@balgrist.ch

1.3 Statistician ("Biostatistician")

Petra Schweinhardt, MD, PhD, Balgrist Campus, Lengghalde 5, CH-8008 Zirich
E-Mail petra.schweinhardt@balgrist.ch, Tel +41 44 510 73 81

1.4 Centre

University Hospital Balgrist
Forchstrasse 340
CH-8008 Ziirich

Balgrist Campus AG

Swiss Center for Musculoskeletal Imaging (SCMI) and

Swiss Center for Musculoskeletal Biobanking (SCMB)Lengghalde 5
8008 Zdrich

1.5 Monitoring institution

Monitoring will be performed by internal staff not involved directly in data collection and data man-
agement.

1.6 Data Safety Monitoring Committee
Not applicable.
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1.7 Any other relevant Committee, Person, Organisation, Institution
Not applicable.

2. ETHICAL AND REGULATORY ASPECTS

2.1 Study registration
The study will be registered at http://www.clinicaltrials.gov and http://www.snctp.ch.

2.2 Categorisation of study

This study is categorized as a Clinical Study Category A, This study includes an intervention that is neither a
drug nor a transplant. It entails only minimal risks and burdens for participants and the intervention is recog-
nised as standard.

2.3 Competent Ethics Committee (CEC)

The investigator ensures that approval from an appropriately constituted Competent Ethics Committee (CEC)
is sought for the clinical study.

All changes in research activity and all unanticipated problems involving risks to humans (including in case of
planned or premature study end and the final report) will be reported, and no changes will be made to the
protocol without prior Sponsor and CEC approval, except where necessary to eliminate apparent immediate
hazards to study participants.

Premature study end or interruption of the study is reported within 15 days. The regular end of the study is
reported to the CEC within 90 days, the final study report shall be submitted within one year after study end.
Amendments are reported according to chapter 2.10

2.4 Competent Authorities (CA)

CA (swissmedic) approval is only necessary for category B and C studies. Category A studies do not
require a CA approval. The CA is entitled to carry out inspections of all clinical trials.

2.5 Ethical Conduct of the Study

The study will be carried out in accordance with the protocol and with principles enunciated in the current ver-
sion of the Declaration of Helsinki, the guidelines of Good Clinical Practice (GCP) issued by ICH, in case of
medical device: the European Directive on medical devices 93/42/EEC and the ISO Norm 14155 and ISO
14971, the Swiss Law and Swiss regulatory authority’s requirements. The CEC will receive annual safety and
interim reports and be informed about study stop/end in agreement with local requirements.

2.6 Declaration of interest
There is no conflict of interest.

2.7 Patient Information and Informed Consent

The investigators will explain to each participant the nature of the study, its purpose, the procedures involved,
the expected duration, the potential risks and benefits and any discomfort it may entail. Each participant will
be informed that the participation in the study is voluntary and that he/she may withdraw from the study at any
time and that withdrawal of consent will not affect his/her subsequent medical assistance and treatment.

The participant will be informed that his/her medical records may be examined by authorized individuals other
than their treating physician.

All participants for the study will be provided a participant information sheet and a consent form describing the
study and providing sufficient information for participant to make an informed decision about their participation
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in the study.

The patient information sheet and the consent form will be submitted to the CEC and to the competent author-
ity (as applicable) to be reviewed and approved. The formal consent of a participant, using the approved con-
sent form, must be obtained before the participant is submitted to any study procedure.

The participant should read and consider the statement before signing and dating the informed consent form,
and is going to be given a copy of the signed document. The consent form must also be signed and dated by
the investigator (or his designee) and it will be retained as part of the study records.

2.8 Participant privacy and confidentiality

The investigator affirms and upholds the principle of the participant's right to privacy and that they shall com-
ply with applicable privacy laws. Especially, anonymity of the participants shall be guaranteed when present-
ing the data at scientific meetings or publishing them in scientific journals.

Individual subject medical information obtained as a result of this study is considered confidential and disclo-
sure to third parties is prohibited. Subject confidentiality will be further ensured by utilising subject identifica-
tion code numbers to correspond to treatment data in the computer files.

For data verification purposes, authorised representatives of the Sponsor (-Investigator), an ethics committee
may require direct access to parts of the medical records relevant to the study, including participants’ medical
history.

2.9 Early termination of the study
The Sponsor-Investigator may terminate the study prematurely according to certain circumstances:

ethical concerns,

insufficient participant recruitment,

when the safety of the participants is doubtful or at risk, respectively,

alterations in accepted clinical practice that make the continuation of a clinical trial unwise,
early evidence of benefit or harm of the experimental intervention

2.10 Protocol amendments
Substantial amendments are only implemented after approval of the CEC.

Under emergency circumstances, deviations from the protocol to protect the rights, safety and well-being of
human subjects may proceed without prior approval of the sponsor and the CEC. Such deviations shall be
documented and reported to the sponsor and the CEC as soon as possible.

All non-substantial amendments are communicated to the CEC within the Annual Safety Report (ASR).
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3. Background and Rationale

3.1 Background and Rationale

Non-specific low back pain (LBP) is a very common condition in developed countries, with a point prevalence
between 15% and 30% and a lifetime prevalence of about 70%% . As a non-invasive treatment method, high-
velocity, low-amplitude spinal manipulative therapy (SMT) is used in the conservative treatment of non-
specific low back pain (LBP). Several studies suggest an association with favourable outcome. However, the
overall effect size of clinical improvement following SMT remains modest'”. Most research on the effective-
ness of SMT on back pain is conducted on patients suffering from “non- specmc LBP, the d|agn03|s of which
is usually based upon the criterium that pain is not attributed to a recognizable Eathology e.g., infection, tu-
mor, inflammatory diseases, fractures, disc herniations with nerve compression)”. In most of these studles it
is unclear whether patients’ diagnoses were based upon more than history and clinical examination'?. We
argue that in the majority of cases, back pain labelled as non-specific might be more accurately Iabelled as
non-specified and does have an attributable source and cause, whether we are able to recognize it or not.
Therefore, if the diagnosis of non-specific LBP comprises heterogenic conditions, it is unlikely that patients will
respond to one therapeutic modality equally®"".

Diffusion-weighted MR-imaging (DWI) is an application of magnetic resonance imaging that allows the meas-
urement of water movement within and between tissues and is increasingly being used to study musculoskel-
etal physiology'®. Because DWI is sensitive even to small changes in fluid flow, it is potentially valuable in the
study of the influence of therapeutlc interventions such as manual therapy, exercise, and physical agents on
musculoskeletal tissues®. Studies using DWI have suggested that changes in d|ffu5|on W|th|n lumbar interver-
tebral discs oceur in response to joint mobilization'®, prone press-ups'®, spinal traction'* and spinal manipula-
tive therapy'”

Intravoxel incoherent motion (IVIM) is a method proposed in 1988 by Le Bihan et al. which extracts microvas-
cular blood flow information from diffusion-weighted imaging acquired at different b-values'®. It is used to
generate separate images of diffusion and perfusion without requiring the injection of exogenous contrast
agents. Ongmallg developed in brain studies, it has been used in recent years to study perfusion in musculo-
skeletal tissue®"**. There is a pau0|7y of research addressing physiological events following a SMT interven-
tion for patients W|th low back pain' ‘. A deeper understanding of local biomechanical and neurophysmloglcal
effects of SMT interventions might heIp refine its utilization and improve its effectiveness®

The purpose of our study is to quantify changes in diffusion and perfusion parameters within the intervertebral
disc and paraspinal muscle tissue of a spinal segment receiving a spinal manipulative intervention and to
evaluate whether those changes differ in spinal segments with or without degenerative changes in sympto-
matic and asymptomatic subjects.

Additionally, it is of interest to determine the relationships between baseline parameters and changes in diffu-
sion and perfusion as well as the degree of degenerative changes. Post-intervention changes in segmental
spinal muscle perfusion will also be investigated.

The repeatability and diurnal variation of IVIM imaging in quantifying perfusion in musculoskeletal tissues will
be assessed by comparing perfusion parameters of 20 controls who will not receive any intervention. We will
perform a diffusion- and perfusion-weighted MRI at the beginning of the visit in the morning, which is repeated
after approximately 20 minutes of rest (lying supine). Controls will present for an additional MRI approximately
10 hours later in the evening of the same day.

In participants consenting to venipuncture, approximately 8 ml of venous blood will be withdrawn using serum
collection tubes, allowed to clot, and then centrifuged. The resulting serum supernatant is stored in aliquots at
Balgrist Campus at -80°C. It will be analysed at the end of data collection for pro- and anti-inflammatory mark-
ers (e.g. C-reactive Protein, Interleukin 1-beta, Interleukin 6 and Tumor Necrosis Factor) in order to determine
the relatlonshlp between inflammatory markers and degenerative changes, pain duration, and pain and disa-
bility outcomes®

3.2 Investigational Product (treatment, device) and Indication
Not applicable.
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3.3 Preclinical Evidence
Not applicable.

3.4 Clinical Evidence to Date

Diffusion-weighted imaging is an MRI procedure that generates |mages of biological tissues in which water
diffusion is exponentially related to signal intensity (brightness)*®*'. Originally used only for brain imaging to
detect early signs of stroke and other brain abnormalities, diffusion- welghted MRI now has many appl|cat|ons
within the musculoskeletal system that are increasing the knowledge of diagnosis and intervention®

Intravoxel incoherent motion (IVIM) is a method to separate microcirculatory effects from thermal diffusion
effects in diffusion-weighted MRI.'® IVIM offers a way to study microcirculatory blood-flow properties directly,
without intravenous contrast injection. In the past years, studies validating the IVIM method to measure perfu-
sion have accumulated due to major advancements seen in MR hardware, pulse design and post-processing
capabilities. The role of IVIM in the muskuloskeletal tissue is not yet entirely clear.

A study by Beattie et al."” suggests that differences in a patient's reported pain intensity following a single
SMT intervention are related to changes in the rate of diffusion of water in the intervertebral discs of the upper
lumbar spine and the lumbosacral junction. The results of the study are consistent with previous observations
by the same authors of a significant interaction between subject responses to a smgle treatment of manual
pressures followed by prone press-up exercises administered to patients with LBP™

3.5 Dose Rationale / Medical Device: Rationale for the intended purpose in study
(pre-market MD)

Not applicable.

3.6 Explanation for choice of comparator (or placebo)

The intervention and control procedure differ only in the administration of a high-velocity, low-amplitude SMT
intervention for the intervention group. The control procedure therefore is chosen to be identical to the inter-
vention procedure with the exception that tissue pressure and thrust are not administered to the spinal seg-
ment. This ensures that there is minimal confounding due to position changes and human touch.

3.7 Risks / Benefits

SMT is commonly associated with transient minor musculoskeletal harms such as muscle soreness and local
discomfort, although they may be equally common following non-SMT manual therapy'. Case reports and
systematic and nonsystematic reviews have included discussion of serious harms and adverse events follow-
ing SMT in general and following SMT for low back pain. Examples of reported serious adverse events follow-
ing Iumbopelwc SMT intervention include cauda equina syndrome, lumbar disk herniation, fracture, and spinal
hematoma*. However, these rePorts were not able to assess causality or calculate the incidence of serious
adverse events following SMT"

In a recent systematic review and metaanalysis, SMT interventions for acute low back pain were associated
with statistically and clinically significant benefit in pain and function at up to 6 weeks'. The size of the effect
on pain is about the same as for nonsteroidal anti-inflammatory drugs in acute low back pain, according to a
Cochrane review on this topic*. For chronic back pain, there is evidence that SMT has a statistically S|gn|f|-
cant but not clinically relevant effect on pain relief and functional status compared to other interventions**. All
SMT interventions in this study will be performed by experienced Doctors of Chiropractic with over 10 years of
clinical experience. Contraindications for SMT interventions will be strictly monitored at baseline.

There are no known health hazards from temporary exposure to the MR environment. The MR environment
does involve a strong static and pulsed magnetic field, as well as radiofrequency energy. Specific safety con-
cerns concerning these factors must be taken into account. Patients are not exposed to the harmful effects of
ionizing radiation, as MR images are obtained without the use of ionizing radiation.

Ferromagnetic objects brought into the static magnetic field may cause damage to the scanner or injury to the
patient or medical professionals, as those objects may become projectiles. Careful screening of people and
objects entering the MR environment is obllgatory
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3.8 Justification of choice of study population

Patients included in this study are persons over 18 years and below 75 years of age with low back pain of a
duration of more than 4 weeks clinically not attributable to “red flags” (i.e., infection, trauma, fractures, inflam-
matory spondylarthropathies). This corresponds to the patient population typically treated in chiropractic prac-
tices in Switzerland. Controls are healthy participants over 18 and below 75 years of age who have not suf-
fered from low back pain in the last year and have never experienced low back pain for longer than 7 consec-
utive days. Patients and controls provide informed consent before inclusion into the study. No vulnerable par-
ticipants will be included in this study. Study Objective

3.9 Overall Objective

The purpose of our study is to assess and quantify changes in diffusion and perfusion within the intervertebral
disc and adjacent spinal muscle tissues of a lumbar spinal segment receiving spinal manipulative intervention.

3.10 Primary Objective

The primary objective is to measure the change in diffusion and perfusion on diffusion-weighted and
IVIM MRI in the intervertebral disc and adjacent spinal muscle tissue of a lumbar spinal segment fol-
lowing a lumbar SMT intervention or control intervention to that segment.

3.11 Secondary Objectives

Secondary objectives are to determine if diffusion and perfusion changes in DWI and IVIM-MRI are
dependent on the severity of degenerative changes classified according to the Pfirrmann- and Weis-
haupt-Classification; to establish the relationship between clinical baseline parameters and diffusion
and perfusion changes in DWI and IVIM-MRI and to determine the repeatability of IVIM-MRI in as-
sessing perfusion changes, as well as assessing diurnal changes in perfusion and diffusion parame-
ters in spinal tissues of healthy controls. Additionally, the presence of several pro- and anti-
inflammatory markers in blood will be assessed in patients and controls.

3.12 Safety Objectives

Not applicable as the methods are used according to their certification and labelling, respectively.
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4. STUDY OUTCOMES

4.1 Primary Outcome

Changes in diffusion in intra- and extracellular compartments (D), apparent diffusion coefficient (ADC), perfu-
sion in capillaries (D*) and volume fraction of capillary perfusion (f) in the intervertebral disc and adjacent spi-
nal muscle tissue in patients before and after an SMT- or control intervention and in controls before and after
20 minutes of lying supine.

4.2 Secondary Outcomes
Secondary outcomes are the repeatability and diurnal changes of diffusion- and perfusion-weighted MRI pa-
rameters in musculoskeletal tissue in controls.

4.3 Other Outcomes of Interest

The severity of degenerative changes classified according to the Pfirrmann- and Weishaupt-Classification on
MRI, clinical baseline parameters, pro- and anti-inflammatory markers in the obtained blood samples, change
in disability and pain intensity on a numerical pain rating scale after the intervention.

4.4 Safety Outcomes
Not applicable.
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5. STUDY DESIGN
5.1 General study design and justification of design

This study is designed as a prospective randomized controlled clinical trial. 50 persons over 18 and
below 75 years of age with low back pain of more than 4 weeks without any “red flags” (i.e., infection,
trauma, fractures, inflammatory spondylarthropathies) as well as 20 asymptomatic controls meeting
the inclusion criteria are included. Study visits will take place in the morning at the same time.
Patients and controls report baseline information and receive a standardized baseline examination.
Patients’ skin above the interspinous ligament causing the most pain upon palpation by the examiner
is marked with a pen. The examiner is blinded to the intervention that follows.

Patients and controls are evaluated in the MRI-Scanner lying supine prior to intervention. The radiolo-
gist will perform a preliminary viewing of the MRI sequence to screen for contraindications to SMT
(e.g. tumors, infection, fractures, severe nerve compression). Patients with contraindications for SMT
will be excluded from the study.

Patients will be randomized using stratified randomization to receive either an SMT intervention in
right and left side-lying position at the segment of the marked interspinous ligament, or receive a con-
trol intervention in right and left side-lying position. The chiropractor administering the intervention is
blinded to clinical and radiological information. After this, patients undergo 3 sequential MR-imaging
rounds. Once imaging is complete, the subjects exit the scan room and provide information on post-
intervention pain-intensity.

MRI-quantified changes in diffusion and perfusion of intervertebral discs with and without degenera-
tive changes and of adjacent spinal muscle tissue after SMT intervention are assessed and compared
between patients and controls.

In order to assess the repeatability of IVIM imaging in quantifying perfusion in musculoskeletal tis-
sues, 20 controls will undergo a separate procedure consisting of a baseline diffusion- and perfusion-
weighted MRI, which is repeated after 20 minutes of lying in a supine position. In order to assess di-
urnal changes in perfusion and diffusion parameters in musculoskeletal tissue, controls will present
for a third MRI approximately 10 hours later, after partaking in activities of daily life as normal, but
excluding strenuous physical activity.

Patients will be contacted by telephone at one week, one month and three months after the interven-
tion. Their global impression of change will be assessed. Type and quantity of concomitant therapies
and interventions will be assessed. The Oswestry Disability Index and painDetect questionnaires will
be repeated.

5.2 Methods of minimizing bias

5.2.1 Randomization

Patients are subdivided into strata in order to balance for age and sex, then permuted block randomization is
used for each stratum to assign patients to receive either SMT or control intervention.

5.2.2 Blinding procedures

The examiner and radiologist will be blinded to the intervention. The intervention administrator will be
blinded to the result of the patient examination and MRI. Patient blinding to intervention is not possi-
ble due to the nature of SMT.

5.2.3 Other methods of minimizing bias

The use of standardized protocols for data collection and training of study personnel will minimize
interobserver variability. Validated questionnaires (painDetect and ODI) will be used to assess pain
qualities and pain-related disability to minimize wording bias.

5.3 Unblinding procedures (Code break)
Unblinding will be done only for the purpose of data interpretation after the inclusion of the last partic-
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ipant.

6. STUDY POPULATION
6.1 Eligibility criteria

Inclusion criteria:
Patients:

a) Persons over 18 years and under 75 years of age with low back pain of any duration clinically
not attributable to “red flags” (infection, trauma, fractures, inflammatory illnesses).

b) Source of LBP clinically at the L4/5 or L5/S1 segment.

c) Duration of LBP is longer than 4 weeks
d) Obtained informed consent.

Controls:

a) Persons over 18 years and under 75 years of age who have not suffered from low back pain in the
last year and have never experienced low back pain for longer than 7 consecutive days.
b) Obtained informed consent.

Exclusion criteria:

Subjects are excluded from enrolment if they
a) have undergone prior spinal surgery
b) have undergone facet joint, epidural or periradicular injections in the last 6 months
¢) had a spinal manipulative therapy intervention in the past 2 weeks

d) have spinal abnormalities (benign or malignhant tumors, congenital abnormalities, isthmic
spondylolisthesis)

e) have any contraindication to spinal manipulative interventions or are deemed unable to toler-
ate SMT to both body sides (e.g. pain attributable to above mentioned red flags, inability to
perform side-lying without pain, radiculopathy with motor deficits <M4-, severe spinal canal
stenosis)

f) have any contraindication to MRI (e.g. heart pacemaker, metallic foreign body or claustro-
phobia)

g) have started a new prescription medication targeting blood circulation within the last 3 months

h) are pregnant or nursing

i) Subjects are excluded from venipuncture if they are known to be HIV-positive or have Hepatitis A, B,
or C or have another systemic infection (excludes subjects from venipuncture). No study specific test-
ing for HIV or Hepatitis A, B or C is performed.

6.2 Recruitment and screening

Patients will be recruited from within the Department of Chiropractic Medicine at the University Hospital of
Balgrist.

Asymptomatic controls will be recruited by flyers displayed on the hospital’s internal website (intranet) and
notice boards.

6.3 Assignment to study groups
Patients are subdivided into strata in order to match for age, sex, and degenerative changes, then permuted
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block randomization is used for each stratum to assign patients to receive either SMT or control intervention.
Randomization is performed by an investigator not involved in the examination using sequentially numbered
sealed opaque envelopes.

6.4 Criteria for withdrawal / discontinuation of participants
Subjects are excluded from enrolment due to
a) withdrawal of informed consent
b) non-compliance
c) the safety of the participant being doubtful or at risk, respectively
d) contraindications to SMT determined on the first study MRI
e) the necessity of a spinal manipulative intervention, spinal corticosteroid or anaesthetic infiltrations or
spinal surgery after inclusion into the study and before the study visit
If pregnancy cannot be ruled out with certainty, female patients of child-bearing age are tested for pregnancy
prior to the MRI examination using a urine pregnancy test.
If consent is revoked, the health-related personal data of the person concerned will be anonymized after data
evaluation has been completed.

7. STUDY INTERVENTION

7.1 Identity of Investigational Treatment

7.1.1 Experimental Intervention

The patient turns from supine to right-side lying position, is positioned by the chiropractor administering the
intervention, and receives a spinous push-pull SMT intervention as described by Bergman et al. at the previ-
ously marked segment®. Specifically, the patient lies in side-lying position, with the hip of the up-side leg
flexed to ca. 90° and the foot of the flexed leg hooked behind the popliteal space of the down-side leg. The
chiropractor stands facing the subject at a 45°-angle, fixating the flexed knee with his own knee/thigh. The
fingertips of the cephalic hand reach under the patient’s up-side arm to contact the up-side lateral surface of
the superior spinous process. The fingertips of the caudal hand hook the inferior spinous process, contacting
the down-side aspect of the spinous process, while the forearm contacts the patient’'s posterolateral buttock
and thigh. The cephalic hand thrusts lateromedially and caudocranially, from up-side toward down-side
(“push”). The caudal hand thrusts lateromedially in the opposing direction, from down-side toward up-side,
toward the chiropractor (“pull”). The SMT intervention is repeated after the patient turns to left side lying. The
patient then resumes supine position.

7.1.2 Control Intervention

The patient turns from supine to right-side lying position and is positioned with the hip of the up-side
leg flexed to ca. 90° and the foot of the flexed leg hooked behind the popliteal space of the down-side
leg. The chiropractor stands facing the subject at a 45°-angle, fixating the flexed knee with his own
knee and placing both hands as described for the experimental intervention. No pressure, preload or
thrust is administered. This intervention is repeated after the subject turns to left side lying. The sub-
ject then resumes supine position.

7.1.3 Packaging, Labelling and Supply (re-supply)
Not applicable.

7.1.4 Storage Conditions
Not applicable.

7.2 Administration of experimental and control interventions

7.2.1 Experimental Intervention
The experimental intervention will be administered as described in chapter 8.1.1. The experimental procedure
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will take place in the University Hospital Balgrist

7.2.2 Control Intervention

The control intervention will be administered as described in chapter 8.1.2. The experimental procedure will
take place in the University Hospital Balgrist.

7.3 Dose / Device modifications
Not applicable.

7.4 Compliance with study intervention
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