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ABSTRACT

Background: Treatment mechanisms involve the steps or processes through which an
intervention unfolds and produces change in an outcome variable. Treatment mechanisms
can be specific to the intervention provided (i.e. pain modulation) or shared with other
treatments (i.e. reduced fear of movement). Whether specific and shared treatment mechan-
isms are different across interventions and whether they lead to the outcomes seen in trials is
largely unknown. The management of individuals with chronic neck pain routinely include
manual therapy (MT) and resistance exercise (RE), as both approaches are included in clinical
practice guidelines and both yield similar outcomes.

Objectives: Our study plans to answer two research questions: 1) what are the specific
mechanisms associated with MT versus interventions (and are these different), and 2) what
are the shared mechanisms associated with these interventions, and do specific or shared
mechanisms mediate clinical outcomes?

Methods: This study will involve a 2-group parallel (1:1) single-blinded randomized trial to
compare the specific and potential shared treatment mechanisms between these two
approaches. We will enroll individuals with a history of chronic neck pain and evaluate whether
specific or shared mechanisms mediate clinical outcomes.

Results: We hypothesize that MT and RE approaches will both exhibit different specific
treatment mechanisms, and that both approaches will exhibit shared treatment mechanisms,
which will notably influence outcomes at both discharge and 6-months.

Conclusions: This study is important because it will help identify what specific or shared
treatment mechanisms are associated with different interventions and, how different treat-
ment mechanisms influence clinical outcomes.
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1. Introduction Chronic neck pain is characterized by pain, weakness,
and alteration of cervical spine proprioception, which
may contribute to symptoms such as pain, fatigue, stiff-
ness, dizziness, vertigo, and benign paroxysmal vertigo
[4]. Psychological distress is common in individuals with
chronic neck pain, including a known higher prevalence
of both anxiety and depression [5]. What remains alarm-
ing is that 50% to 75% of individuals who currently
report neck pain will report additional episodes of pain
(recurrence) within 1 to 5years in the future. Physical
activity appears to play only a nominal role, as participa-
tion in a general exercise program is unassociated with
outcome [6]. Psychosocial and contextual factors,
including psychological health, coping patterns (worry-

Chronic neck pain is a notable personal and societal
burden, affecting 30% to 50% of adults in the gen-
eral population in any given year [1]. Approximately
50%-85% of individuals with acute neck pain do
not experience complete resolution of symptoms,
and some continue to experience chronic, impairing
pain [1]. In 2016, among the 154 conditions exam-
ined, low back and neck pain were associated with
the highest healthcare costs in the United States,
with an estimated $134.5 billion spent [2]. In 2012,
neck pain was responsible for job absences among
25.5 million Americans, who missed an average of
11.4 days of work [2]. Increasing population aware-

ness about risk factors, preventive strategies, and
targeting appropriate treatment for neck pain is
warranted to reduce the future burden associated
with this condition [3].

ing, fear avoidance, getting angry or frustrated), and the
need to socialize, are the strongest prognostic factors-all
presenting negative associations with clinical out-
comes [6].
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Clinical practice guidelines and meta-analyses
recommend manual therapy as a necessary compo-
nent of a multi-modal approach for management of
individuals with chronic neck pain [7-9]. Manual
therapy has been described as the passive applica-
tion of mechanical force to the outside of the body
with therapeutic intent, often as part of compre-
hensive pain management care (e.g. low-back
pain), rehabilitation care, or general wellness and
disease prevention [10]. Exercise may take many
forms; however, it is generally associated with resis-
tance training, endurance training, flexibility, aero-
bic activity, or motor control activities including
postural coordination [7].

Treatment mechanisms associated with interven-
tions such as manual therapy or exercise refer to
the underlying processes or methods through
which a particular treatment or intervention pro-
duces its therapeutic effects. The treatment
mechanisms associated with manual therapy tech-
niques are poorly understood but are hypothesized
to involve mechanical, neurophysiological, circula-
tory, psychological, and reflexive effects [11]. In
preclinical research, manual therapy techniques
exhibit both peripheral and central influences,
which are theorized to modulate pain and improve
range of motion quantity and quality [11]. In pre-
clinical research, resistance exercise is associated
with increases in muscle fiber size, neural adapta-
tions in strength, and improvements in cognition
tasks, which are conjectured to lead to improved
strength and endurance [12]. Treatment mechan-
isms can be specific to an intervention (e.g. leading
to a unique set of physiological/psychological pro-
cesses within the body) or shared (e.g. suggesting
that two seemingly different forms of treatment
actually lead to the same physiological/psychologi-
cal processes).

To date, the specific and shared mechanisms asso-
ciated with manual therapy and exercise that lead to
changes in clinical outcomes are unexplored within
the context of chronic neck pain. Further study is
needed to understand how treatment mechanisms
influence outcomes associated with chronic neck
pain to improve our management of patients with
this common condition. In clinical practice, both
manual therapy and exercise lead to similar overall
clinical outcomes [7,13-18], despite the thought that
both interventions exhibit separate specific treat-
ment effects. This paper presents the protocol for
a clinical trial that explores mechanisms outcomes
comparisons between manual therapy and exercise
and examines whether specific or shared mechan-
isms are most likely to influence and shape clinical
outcomes in individuals with chronic neck pain. In
this protocol, we will outline our design, our objec-
tives, hypotheses, and suspected outcomes.

2. Materials and methods
2.1. Study design

This study will involve a 2-group parallel (1:1) single-
blinded randomized trial to compare the specific and
potential shared treatment mechanisms between
manual therapy and resistance exercise approaches
(Figure 1). Individuals with chronic neck pain will be
randomized to one of the study arms and each parti-
cipant will remain in their assigned treatment arm for
the study duration. An advantage of a parallel group
design is that it allows the running of simultaneous
experiments in two or more groups in separate loca-
tions. The randomized participants in parallel groups
will unlikely contaminate the other group by
unplanned co-interventions or cross-overs.

2.2. Specific aims and hypotheses

Our study plans to answer two research questions: 1)
what are the specific treatment mechanisms associated
with manual therapy and resistance exercise interven-
tions, and 2) what are the potential shared treatment
mechanisms associated with these interventions, and
subsequently, which mechanisms (specific or shared)
are the most important mediators of clinical outcomes?
Understanding mechanisms of treatment is a priority of
the National Institutes of Health (NIH) [10], and further,
has been described as an underexplored focus of trans-
lational research [19-22]. The research team plans to
address this focus area by targeting two specific aims.

2.2.1. Specific aim one
Compare differences in specific treatment mechanisms
between manual therapy and resistance exercise.
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Figure 1. Study randomization and timelines.



Hypotheses: We hypothesize that manual therapy and
exercise will lead to similar changes in clinical out-
comes; however, manual therapy will lead to specific
treatment mechanisms i.e. improved quantity of range
of motion (and not endurance), whereas resistance
exercise will lead to improved endurance (and not
range of motion).

2.2.2. Specific aim two

Uncover potential shared treatment mechanisms
between manual therapy and resistance exercise
approaches (secondary aim 1) and determine the
extent to which specific or shared treatment mechan-
isms mediate clinical outcomes at 4 weeks and 6
months (secondary aim 2). Hypotheses: We hypothesize
that both treatments will result in notable shared treat-
ment mechanisms (e.g. therapeutic alliance, pain self-
efficacy), and these shared treatment mechanisms will
mediate pain interference and functional outcomes of
both groups at a higher rate than specific mechanisms
at 4 weeks and 6 months.

2.3. Study sites and treating therapists

2.3.1. Study sites

All assessments, treatments and outcomes will be cap-
tured at one of three physical locations: 1) The Doctor
of Physical Therapy Division at Duke University in
Durham, North Carolina; 2) University of Colorado
Physical Therapy Program in Aurora, Colorado; or 3)
the Physical Therapy Department and clinical designa-
tions from SaintJoseph University in Philadelphia,
Pennsylvania. The trial is undergoing approval by the
three designations’ institutional review boards and is
undergoing registration at ClinicalTrials.gov.

2.3.2. Treating physical therapists

Physical therapists (PTs) with a range of clinical experi-
ence will participate in the recruitment, examination,
and treatment of all participants in this study. All PTs
will undergo a standardized training regimen, which
will include studying a manual of standard procedures
with operational definitions of each examination and
treatment procedure and flow of study procedures.
Participating PTs will view a 60-minute training video
and undergo a 1-hour hands-on training session pro-
vided by one of the investigators. Examination and
intervention techniques will be reviewed and assessed
for accuracy in the training sessions. Further, research
fidelity checklists will be used at every visit to assure
compliance with the research protocol. Treating clin-
icians will be provided access to online training mate-
rials containing video footage of examination and
intervention procedures. Competency will be assessed
using a standardized test in which all participating PTs
have to score = 80% to be included on the data collec-
tion team.
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Training across each site will be standardized to
ensure harmonization of procedures. To ensure the
three sites are communicating vital study information,
a formal meeting will be held every other week.
A single clinical research coordinator, located at Duke
University, will assure regulatory aspects of the study.

2.4. Study participants

Individuals with chronic neck pain who are 18 years of
age and older and who experience ongoing neck pain
of = 3 on a 10-point scale for most days of the previous
3 months will be screened for eligibility. We operation-
ally define chronic pain using the International
Association of the Study of Pain (IASP) pragmatic cri-
teria of pain lasting for 3 months or more that cannot
be attributed to another diagnosis or condition [23].
Those with chronic neck pain and =3 on an 11-point
scale for neck pain are necessary to measure whether
differences occur from baseline to medium and long-
term follow up, and are necessary for the mediation
analyses goal of the study. Individuals with neck pain
combined with suspected radicular symptoms,
a history of neck surgery, current or suspected red
flags, and those who are unable to speak or write in
English will be excluded.

2.5. Recruitment, screening and enrollment

Subjects will be recruited using MyChart™ invitations
(or locations’ E-chart equivalent), direct marketing
efforts, and through recommendations from the part-
ner clinics (e.g. Duke PT/OT department). Individuals
who enroll and complete the study will be eligible for
a $100 research stipend.

2.6. Randomization and scheduling

Randomization will be based on a single sequence of
random assignments using a random number genera-
tor and concealed allocation will be performed before
participant recruitment by an individual not involved
in data collection. Individual, sequentially numbered
index cards will be placed in sealed opaque envelopes
with the random assignment prepared. After initial
phone screening for eligibility, and after obtaining
informed consent, randomization will occur after base-
line measures are captured in the clinic. Each group
will be randomized to receive either four weeks of
a manual therapy-based or resistance exercise
approach (a total of five visits), administered using
guideline-oriented parameters.

2.7. Blinding

The design is a single-blinded parallel trial. We are
unable to blind the clinicians who provide the care



88 (&) C.E COOKETAL.

since the treatment approaches are unique and speci-
fic to either resistance exercise or a manual therapy-
based approach.

2.8. Interventions

2.8.1. Standardized process

To reduce the risk of biasing one treatment arm,
a standardized set of instructions regarding the evi-
dence of each approach will be provided to each par-
ticipant. Individuals in both the manual therapy and
resistance exercise treatment arms will be educated
that the treatment approach is supported by clinical
practice guidelines and the approaches are designed
to create changes in their report of pain, pain inter-
ference, and functional outcomes. For both groups, the
supervising PTs will adopt a series of principles that
emphasize a collaborative therapeutic relationship in
which the autonomy of the participant is respected
and the patient’s intrinsic resources for change are
elicited by the therapist [24]. Both approaches will
require similar amounts of in-clinic time to supervise
the full set of treatments, and will have similarly
weighted time dedicated to the home exercise pro-
gram (HEP).

Physical interventions will be prescribed using both
prescriptive and pragmatic strategies, however,
a standardized approach to interventions, aligning
with clinical practice guidelines, will be utilized across
physical therapists. Therefore, all treatment options
utilized (regardless of arm assignment) are supported
by monodisciplinary clinical practice guidelines for
neck pain [7]. The prescriptive aspect of each arm will
allow reproduction and a firmer understanding of
treatment dosage parameters. Pragmatic applications
may occur in the event of patient specific variabilities
in pain, change in symptoms, or capacity. Treatment
will consist of five individual ‘on-site’ supervised ses-
sions and an assigned (prescriptive) HEP that will be
performed daily. All sessions will be overseen by
a licensed physical therapist who is either a principal
investigator or a co-investigator in the grant. In total,
supervised treatment will occur over a 4-week period.

2.8.2. Manual therapy treatment (see appendix A)
All treatments associated with the manual therapy
approaches are theorized to exhibit both peripheral
and central influences, and reduce muscle spasm,
which can lead to pain modulation and improved
mobility [11]. All manual therapy techniques incorpo-
rated in this trial are considered standards of practice
in the management of individuals with chronic neck
pain. All passive movements will be performed with
the purpose of pain provocation to determine the
most likely involved segment of the neck [25].
Although dedicated passive movements have been
shown to lack specificity in terms of segmental

movement in the spine [25], pain provocation has
been suggested to be the most reliable method
when isolating the site of the disorder [25]. The type
of cervical non-thrust mobilization and dosage will be
based on the participant’s presentation and feedback
(pragmatic), as well as the therapist’s clinical decisions,
however, it will only be applied to the most sympto-
matic level (prescriptive) with consistent repetitions
and set parameters. Any form of non-thrust mobiliza-
tion will be permitted and the therapist will be able to
provide the technique anywhere in range and for any
duration thought to produce a positive patient
response.

All of the manual therapy techniques are commonly
used procedures that would qualify in the overview of
a previous monodisciplinary clinical practice guideline
for physical therapists [7]. Manual therapy treatments
will consist of global soft tissue stretching of the upper
trapezius, occipital muscles, levator scapula, and sca-
lene muscles as the participant lies supine. Soft-tissue
mobilization will be performed as needed. Non-thrust
manipulation (mobilization) will consist of unilateral or
central posterior-anterior accessory movements
(PAIVMs) to the cervical and upper thoracic segments
(in prone) at the most symptomatic levels. Passive
physiological intervertebral movements of rotation
will be performed in supine, as a mechanism to reduce
pain and increase range of motion.

Thrust manipulation techniques likely exhibit simi-
lar clinical outcomes [7,26] and are both recom-
mended in a summary [7]. Because there is some risk
associated with cervical manipulation, and because
mechanisms and outcomes appear similar between
thrust manipulation and non-thrust manipulation, we
elected to exclude the technique in this study [27].

Participants with chronic neck pain randomized to
the manual therapy arm will be assigned a HEP twice
daily that will consist of cervical rotations with belt or
equivalent, side flexion with belt or equivalent, self-
stretching exercises that are designed to target the
upper thoracic musculature, and corner wall stretches.
During each onsite session, the supervising PT will
evaluate the replication capacity of the HEP by the
participant and will verbally emphasize the importance
of adherence to the assigned program.

2.8.3. Resistance exercise treatment (see appendix B)
All assigned resistance or endurance-based exercises
are selected as they are theoretically associated with
increases in muscle fiber size and neural adaptations,
which can lead to improved endurance and strength
[12]. All exercises incorporated in this trial are consid-
ered standards of practice in management of chronic
neck pain. Appendix B outlines each of the exercises,
including the instructions. All of the resistance exer-
cises are commonly used procedures that would qua-
lify in the overview of a previous monodisciplinary



clinical practice guideline for PTs [7]. In-clinic exercises
will consist of chin retractions in sitting, supine clock
isometric resistance, supine anterior neck flexion exer-
cises that target the deep neck flexors, prone neck
extensor exercises (with concurrent chin retraction),
and lateral neck raises (bilaterally). We will also target
the mid and upper thoracic region by performing
upright rows, supine chest raises that target the mid-
scapular muscles and the paraspinal muscles, prone I,
T, and Y’ exercises, and proprioceptive neuromuscular
facilitation exercises using a bar or a cane. Individuals
randomized to the resistance exercise arm will be
assigned a HEP twice daily that will consist of chin
retractions in sitting, supine anterior neck flexion exer-
cises, and elastic band rows that replicate the upright
rows performed in the clinic. During each onsite ses-
sion, the supervising physical therapist will evaluate
the replication capacity of the HEP by the patient and
will emphasize the importance of adherence to the
assigned program.

2.8.4. Fidelity checks

Within our study, we will use a treatment fidelity
checklist and will perform quarterly fidelity evaluations
of our treatments to assure we do not experience
therapeutic drift (Table 1). A treatment fidelity checklist
is a progress-monitoring tool that we will use as
a guide for planning, implementing, and sustaining
best practice in the application of our designed inter-
ventions. Monthly review will be performed by
a trained clinical research coordinator at one site and
designees at the other sites and will be scored and
shared with each provider.

Table 1. Research fidelity checklist.

Item Yes No Measurement Criteria

1 Did the therapist emphasize a collaborative
therapeutic relationship in which the
autonomy of the patient is respected and
the patient’s intrinsic resources for change
are elicited?

2 Did the therapist emphasize the importance of
attending all five of the therapy sessions?

3 Did the therapist explain the reasoning behind
the procedures to the patient?

4 Did the therapist indicate that the treatment

received is considered ‘best practice’ and is
part of the clinical practice guidelines for
treatment of chronic neck pain?

5 Did the therapist query the patient on their
adherence and abilities with the home
exercise program?

6 Did the therapist complete all of the
prescriptively assigned treatment
interventions?

7 Did the therapist avoid cross-contamination by
restricting care that qualifies under the
opposite treatment arm?

Reviewer Date

Patient Code Quarter/Year .

The following fidelity checklist is a progress-monitoring tool that is used as
a guide for planning, implementing, and sustaining best practice in the
application of our designed interventions.
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3. Assessment and measures
3.1. Primary outcomes

3.1.1. Specific mechanisms

Specific treatment mechanisms refer to the unique
features of an intervention and are considered the
primary reason the intervention is effective. Another
way of understanding mechanistic research is by
acknowledging that the purpose of the study is to
explore  ‘how does this treatment work?’
Mechanisms include specific measures of the phy-
siological changes that occur in the body once an
intervention is applied.

Methodologically, specific mechanisms are logi-
cally divided into direct and indirect mechanisms
(Table 2). In almost all cases, direct mechanisms are
captured in laboratory or preclinical environments.
Examples include changes in cortisol, fMRI finding,
neuro-immune (central/peripheral inflammatory
cytokines), neurovascular, and neurotransmitters con-
centrations. In contrast, indirect mechanisms are
proxy measurements of an underlying direct mechan-
istic change that occurs after an intervention.
Examples include psychological (i.e. self-report of
cognitions or fear) or performance-oriented (i.e.
range of motion, strength changes) variables, which
are captured after a specific treatment intervention.
Indirect mechanisms have potential value since they
are often captured in a clinical setting, are less time
consuming and costly to administer, and can be cap-
tured concurrently with clinical outcomes. Clinical
outcomes include self-reported patient reported out-
comes, physical performance measures, cost analysis,
and/or self-reported patient experiences after
a dedicated treatment regimen.

We will capture the indirect mechanisms in both
whole numbers and measures of change (4) in
Cervical Range of motion (ROM) from baseline [28]
A in Deep Neck Flexor Endurance from baseline [29]
A in Cervical Extensor Endurance from baseline [30]
and the A in Lateral Neck Musculature Endurance
from baseline [31] (Table 3).

In addition, although not a primary objective, we
will capture A in Pain Pressure Threshold (PPT) with
Algometry from baseline [32]. PPT will be tested
locally and distally. Local measures include PPT kg/
cm testing at the first point of pain on the left (L)
and right (R) zygapophyseal joints, L and R at the
midpoint between the tip of the acromion and the
C5 spinous process, and L and R at the tibialis
anterior (2.5 CM lateral to the tibial tubercle and 5
CM down at the belly of the tibialis anterior).
Cervical ROM and PPT are hypothetical indirect
mechanisms of manual therapy, whereas deep
neck flexor endurance, extensor endurance, and lat-
eral neck musculature endurance are hypothetical
indirect mechanisms of resistance exercise.
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Table 2. Direct and indirect mechanisms and treatment outcomes.

Variable Direct Measures of Mechanisms

Indirect Measures of Mechanisms

Treatment Outcomes

Definition
through which an intervention (or some
independent variable) unfolds and
produces the change (outcome
variable).

Measurements Measures such as cortisol, fMRI, neuro-
immune (inflammatory mediators),
neurovascular, and neurotransmitters,

Mechanisms reflect the steps or processes A clinical finding that is consequence of

a specific technique, which serves as

a proxy measure to an underlying direct
mechanism.

Measures which may include contextual
factors (e.g. placebo/nocebo effect,
expectations), muscle spindle activation

etc. and/or performance, tissue extensibility,

A patient-reported or a physical
performance measured outcome that is
reflective of a clinical change seen in
a patient at a given time.

Pen and paper test findings for pain,
function, interference (tradition PROMs),
and physical performance measures such
as gait speed, timed up and go, etc.

and/or selected tests for psychological
variables such as fear, distress, etc.
Study Setting  Generally captured in a basic science/pre- Captured in a pre-clinical or clinical setting Captured in a clinical setting

clinical setting

Table 3. Key measures for specific and potential shared treatment mechanisms.

Specific or Shared

Variable Domain

Tool and Reference

Specific Treatment Mechanisms-Manual therapy

Specific Treatment Mechanisms-Resistance
exercise

Shared Treatment Mechanisms Therapeutic alliance
Fear of movement
Pain self-efficacy

Patient engagement

Range of motion quantity Left and Right Rotation
Range of motion quantity Left and Right Side-Flexion A Cervical Range of motion device (CROM
Range of motion quantity Extension
Quantitative Sensory Testing (QST)
Neck flexor endurance

Neck extensor endurance

Side neck flexor endurance left

Side neck flexor endurance right

54
;54

A Cervical Range of motion device (CROM

A Cervical Range of motion device (CROM)**
A Pain Pressure Threshold with Algometry®’
A Deep Neck Flexor Endurance Test>®

A Cervical Extensor Endurance Test™

A Lateral Neck Flexor Endurance Test>’

A Lateral Neck Flexor Endurance Test”’

A Working Alliance Inventory®®

A OSPRO-YF*®

A UW Pain-Related Self Efficacy Scale®

A Clinician rated Patient engagement®"’

3.2. Secondary outcomes

3.2.1. Shared mechanisms

Shared treatment mechanisms occur when two see-
mingly different treatments (e.g. manual therapy and
resistance exercise) are found to exert their effects on
clinical outcomes via similar or common mechanisms
(e.g. therapeutic alliance) [15]. Potential shared
mechanisms will include A in Working Alliance
Inventory [15], A in OSPRO-YF [33], A in UW Pain-
Related Self Efficacy Scale [34], and the A in Clinician
Rated Patient Engagement [35] (Table 3). These indir-
ect shared measures are designed to reflect the psy-
chological and/or social mechanisms associated with
changes in Therapeutic alliance, Fear of movement,
Pain self-efficacy and Patient engagement.

3.2.2. Clinical outcomes

We will capture clinical outcomes using selected items
from the Patient-Reported Outcomes Measurement
Information System (PROMIS) 29.2 [36]. PROMIS mea-
sures were developed with support from the NIH [37].
There are several PROMIS instruments, each with vali-
dated individual items, which has led to several ver-
sions of PROMIS instruments. Each version is person-
centered and is designed to evaluate and monitor
physical, mental, and social health in adults and chil-
dren, with and without chronic conditions. Our primary
clinical outcome variable for our study is the PROMIS
pain interference score. Our secondary clinical out-
come variables include the PROMIS pain intensity
item and the PROMIS physical function measures.

Each of the primary and secondary ‘scales’ are part of
the PROMIS 29.2 and include four items, with the
exception of the PROMIS pain intensity, which has
one item [36]. Data will be gathered using pen and
paper scoring and transferred to the RedCAP database
where raw data will be converted. Raw concept index
score conversion tables are available on the
HealthMeasures website and are unique for each
domain [36]. For PROMIS measures, higher scores are
more reflective of the concept being measured (e.g.
sleep, anxiety) in which 50 is the mean of a relevant
reference population and 10 is the standard deviation
(SD) of that population. Consequently, scores of 40 or
60 are both 1 standard deviation below and above the
mean, which could be a desirable or undesirable out-
come, depending on how the item is coded [36].

3.3. Timeline of capture

Specific mechanisms (i.e. endurance, range of
motion, etc.) will be captured at baseline, 2 weeks,
and 3 weeks. Shared mechanisms (i.e. Therapeutic
alliance, Fear of movement, Pain self-efficacy and
Patient engagement) will also be captured at base-
line, 2 weeks, and 3 weeks as well. These findings will
be used in our comparative analyses between the
manual therapy and exercise groups. We will capture
baseline, 4 weeks, and 6-month values of PROMIS
pain intensity, PROMIS pain interference and
PROMIS physical function measures [35] (Figure 2).
These clinical outcomes will be used to measure the
mediating effect of specific and shared mechanisms
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Baseline 1 week

Figure 2. Timeline for Data Capture.

on 4-week and 6-months outcomes for pain interfer-
ence and function.

4. Data and safety monitoring

Study data are always accessible for the clinical research
coordinator (CRC) to review. A clinical research coordina-
tor will assure regulatory elements of the study are fol-
lowed as well. The CRC and the lead authors will ensure
that all protocol deviations, adverse events (AEs), and
severe adverse events (SAEs) are reported to the funding
source and the corresponding institutional review boards
according to the applicable regulatory requirements.

For this study, AEs are defined as any unfavorable
and unintended sign, symptom or disease temporally
associated with the use of medical treatment or pro-
cedure, regardless of whether it is considered related
to the medical treatment or procedure. SAEs are
defined as any AE that results in: death, is life-
threatening, results in inpatient hospitalization or pro-
longation of existing hospitalization, or persistent or
significant disability/incapacity [37].

AEs will be graded as: Mild-An experience that is
transient, and requires no special treatment or inter-
vention; Moderate-An experience that is alleviated
with simple therapeutic treatments; or Severe-An
experience that requires formal intervention or refer-
ral to a medical doctor and interrupts usual daily
activities [37]. We will attribute the AE as: 'not
related’ if it is clearly not related to the study pro-
cedures (i.e. another cause of the event is most
plausible and/or a clinically plausible temporal
sequence is inconsistent with the onset of the
event); ‘possibly related’ if it follows a reasonable
temporal sequence from the initiation of the study
procedures, but that could readily have been pro-
duced by several other factors; or ‘related’ if the AE
is clearly related to the study procedures [38]. After
discharge, AEs will be assessed formally at six
months, but the patient will have the opportunity
to communicate within the discharge to six-month
follow up by text or e-mail.

By & & &
I | | | I
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2 weeks

3 weeks 4 weeks 6 Months

5. Management of missing values

We will endeavor to capture data accordingly at all
dedicated time intervals. We powered the study by
anticipating 30% dropout before the six-month com-
pletion of follow-up. Additionally, we expect some
incidental missingness at various follow-up points in
the study, due to a patient’s inability to attend an
interim visit (i.e. 2-week or 3-week). For mediation
analyses, we will use listwise deletion, which will
restrict our focus to only those patients who com-
pleted the study at all follow-up points. The use of
linear mixed-effects models permits some tolerance
of missingness at interim follow-ups, assuming data
are missing at random (MAR). However, we intend to
acknowledge the use of listwise as a limitation; data
may be missing not at random (MNAR), which would
undermine our approach and bias the results of our
analysis [39].

6. Sample size estimation and analysis
6.1. Sample size

Sample size estimation: The study is powered (esti-
mated sample size) on its primary aim, which com-
pares differences in eight specific mechanisms
between the manual therapy and resistance exer-
cise approaches. We assume a summative medium
effect size in differences in the eight specific
mechanisms, and at 80% power and a p value of
0.05, two-tails, three specific measurement points,
two groups, and a correlation of 0.5 among mea-
sures, with the use of a linear mixed effects model
for testing between groups differences, we would
require a sample size of 86 to meet statistical sig-
nificance. We project a potential loss of several
subjects across the three sites at the six months
data collection point and will oversample by 40 to
account for this loss. Our final sample size that we
will target will be 126 subjects.
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6.2. Statistical analysis plan

6.2.1. Statistical analyses for specific aim 1 and 2
For our statistical analyses, we will report descriptive
characteristics between the two groups. For both the
primary and secondary aims involving continuous
measures (e.g. specific mechanisms and shared
mechanisms), we will explore differences in specific
and potential shared treatment mechanisms between
groups using repeated measures, linear mixed effects
modeling. Time points will include baseline measures,
two weeks, and three weeks. Baseline measures will
serve as covariate controls. Advantages to using linear
mixed effects in our analysis are that observations
within a participant may be correlated and that in
addition to estimation of the model parameters,
between- and within-subject variability may be esti-
mated [40]. We will include the three data collection
sites as potential random. Differences across PPT
values will also be measured but this is not a primary
objective. Effect sizes for the linear mixed effects mod-
els will be conducted using a Cohen'’s f* effect size
measure, which can be interpreted as small, medium,
and large for values of 0.02, 0.15, and > 0.35, respec-
tively [41]. A p value of < 0.05 will be set for statistical
significance testing.

6.2.2. Statistical analysis for specific aim 2

This study endeavors to following the AGReMA reporting
recommendations for mediation analyses [42]. The med-
iating role of specific and shared mechanisms will be
explored using a parallel mediation analysis to evaluate
the influences of specific and shared treatment

Mll

Model 1

X = Baseline Pain Intensity

Model 2

Ml

MZ

M3

M4

Figure 3. The Directed Acyclic Graph for the Mediation Analysis.

mechanisms. In this type of mediation analysis, there
are multiple mediators that operate in parallel, meaning
they all mediate the relationship between the indepen-
dent and dependent variables independently [43,44]. In
our model, which is represented by a directed acyclic
graph (Figure 3), our independent variable (X) is baseline
pain intensity and our dependent variables (Y) will be
PROMIS pain interference (primary), PROMIS function
(secondary), and PROMIS pain intensity (secondary). Our
direct effects (C1 and C2) will be evaluated in distinct
models and will include a) sum of changes in endurance
from baseline and b) sum of changes in ROM from base-
line. Our four indirect mediation variables (M1-4) will
include the A in Working Alliance Inventory, A in OSPRO-
YF, A in UW Pain-Related Self Efficacy Scale, and the A in
Clinician Rated Patient Engagement from baseline. We
plan to run mediation analyses at both 4 weeks and
6-months and will measure the indirect effects of at
both 2 weeks and 3 weeks. We plan to collapse treatment
groups in the mediation analyses; however, if we identify
group differences in our primary aim, we acknowledge
the potential for inclusion of a group variable as
a covariate.

Mediation will be confirmed if the 95% Cl for the
indirect effect does not include zero, and complete
mediation will be confirmed if the 95% Cl for the direct
effect includes zero [43]. We realize that most media-
tion analyses involve larger sample sizes (although the
exact sample size is controversial) thus we are at risk of
being underpowered for our second aim [44].
Nonetheless, we feel the findings may be useful
when powering a future study involving mediation of
specific and potential shared effects.

C= Sum of ROM changes (direct measure)
C2= Sum of Endurance changes (direct measure)

Y1—3

Y= Pain Interference
Y2= PROMIS Function
Y3= Pain Intensity

M= Change in OSPRO

M2= Change in Working Alliance

Ms3= Change in UW Pain Self Efficacy

M?4= Change in Patient Engagement Scale



7. Conclusion

In this proposal, we outline the protocol for measure-
ment of specific and shared indirect mechanisms for
manual therapy and exercise. The results of the study
are important for several reasons. First, it will
| identify if specific indirect mechanisms are different
between manual therapy and exercise and it also will
identify which form of mechanism (specific or
shared) is most responsible for the clinical outcomes
seen after an intervention for chronic neck pain.
These insights could lead to new conceptual models
and enhance our theoretical understanding of how
manual therapy and exercise work to improve clinical
outcomes. Second, the findings of this study could
inform future research studies. These might include
studies designed to examine the specific compo-
nents of manual therapy protocols (or exercise pro-
tocols) that produce the largest improvements in key
treatment mechanisms. Findings will inform clini-
cians about treatment mechanisms and better
enable them to tailor different treatment protocols
(e.g. manual therapy and exercise) to optimize
change in relevant mechanisms. This approach fits
well with the clinical goal of personalizing treatment
to meet the needs of each patient.

Future studies could also examine other indicators
of direct mechanisms associated with manual therapy
and exercise, yielding more granular results than indir-
ect measures of mechanisms. Finally, this study has
implications for public policy. For example, the find-
ings could inform clinical practice guidelines and
health policy recommendations aimed at treating and
preventing disability in persons with neck pain by
potentially increasing our options for care.
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