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Abstract 

Background: Knee osteoarthritis (KOA) is a high-priority problem among the aging population. While exercise has 
been shown to be beneficial in management of the disease, scalable and low-cost interventions to improve exercise 
in this population are lacking. Recent controversy over the value of corticosteroid injections for palliation has also 
arisen. Therefore, we designed a randomized, double-blind, placebo-controlled clinical trial with a 2-period crossover 
design to study (1) behavioral incentives to promote exercise and (2) corticosteroid injections to reduce pain and 
improve function in patients with KOA when compared to lidocaine only.

Methods: The study design is a pragmatic factorial and crossover randomized clinical trial. Patients with KOA who 
are deemed eligible by their provider to receive knee injections and are able to walk without assistive devices will be 
recruited from clinical practices at four sites within the Veterans Affairs (VA) Health System in the USA. In total, 220 
participants will be randomized to receive social incentives with gamification (i.e., incorporation of game elements) to 
promote exercise and compared to controls that receive a Fitbit but no incentive. Each patient will also be assigned to 
receive a blinded corticosteroid injection and a lidocaine-only injection in random order. The primary outcomes are 
the change in average daily step counts from baseline and the change in Knee Osteoarthritis Outcome Score (KOOS) 
from baseline. The study team will continuously collect step count, heart rate, and sleep data using activity moni-
tors and patient-reported outcomes using the Way to Health (WTH) platform at two four-week intervals over eight 
months of follow-up. Mixed effects regression incorporating all available data points will be used for analysis.

Discussion: The “Marching on for Veterans with Osteoarthritis of the Knee” (MOVE-OK) trial will take a pragmatic 
approach to evaluate (1) whether incentives based on behaviorally enhanced gamification can improve physical 
activity in this patient population and (2) whether corticosteroids injections reduce pain and disability in patients with 
KOA. Results of this trial will help to direct clinical practice and inform management guidelines.

Trial registration: ClinicalTrials.gov NCT05 035810. Registered on 5 September 2021.
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Introduction
Background and rationale {6a}
Knee osteoarthritis (KOA) is a high-priority problem 
among the aging population, and in particular, among 
veterans [1–3]. Notably, very few interventions have 
been shown to be effective. Interventions to increase 
physical activity that are low cost and may be use-
ful to address many persistent symptoms (i.e., fatigue, 
pain, physical function) and comorbid conditions (i.e., 
obesity, sarcopenia, cardiovascular disease) in patients 
with KOA [4–9]. Recent studies have articulated both 
the quality and quantity of physical activity necessary 
to reduce the symptomatic burden of hip and knee 
osteoarthritis [10]. Current organizational guidelines 
for the non-operative management of KOA include 
strong recommendations for the inclusion of exercise 
in programs and promotion of greater physical activity 
in management plans [11]. Despite these recommenda-
tions, clinicians often do not offer first-line therapies 
such as physical therapy and lifestyle intervention for 
the condition [12]. While exercise is accepted as an 
important aspect of management, effective strategies 
to promote behavioral changes in this population are 
lacking. First-line management options including exer-
cise often are not discussed in clinical settings, while 
use of non-steroidal anti-inflammatories and opioids 
continues to rise [12].

A number of concepts from cognitive psychology 
can explain the relationship between human behav-
ior and decision-making, referenced by researchers in a 
field known as behavioral economics [13]. Theorists in 
behavioral economics seek to explain how and why peo-
ple make decisions under uncertainty and to use small 
changes in the form of incentives to evaluate result-
ing changes in behavior [14, 15]. People are often moti-
vated by the experience of past rewards and are heavily 
influenced by emotions such as loss and regret aversion 
[16, 17]. Researchers have demonstrated that behavioral 
incentives can be of value in numerous disease settings. 
These incentives, however, have not been studied in the 
setting of KOA.

Keywords: Osteoarthritis of the knee, Corticosteroid injections, Exercise, Behavioral incentives, Randomized 
controlled trial, Crossover design, Multi-center
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Despite a lack of high-quality supportive data, cli-
nicians routinely use intra-articular corticosteroids 
to manage KOA. A recent Cochrane review indicates 
that the level of evidence to support improvements in 
symptoms following the use of corticosteroid injec-
tions is low [18, 19]. A recent large randomized trial 
demonstrated no significant difference in symptom 
improvement among patients receiving corticosteroid 
injections as compared to those receiving saline injec-
tions when evaluated at 3-month intervals, as well as a 
slight decline in cartilage thickness on magnetic reso-
nance imaging (MRI) among those receiving corticos-
teroids [20]. However, prior studies have suggested 
that peak benefit of corticosteroids would be expected 
at 4–8  weeks, and guidelines have largely acknowl-
edged the value of short-term benefits [19]. Thus, there 
remains a fundamental knowledge gap as to the true 
efficacy of these injections and their impact on physical 
activity. It is paramount to clearly define the risk/ben-
efit profile of this treatment option.

For patients with KOA to receive the best care, more 
clinical trials need to be conducted with the goal of 
informing common practice. We designed a rand-
omized clinical trial with a factorial design (Table 1) to 
test the effectiveness of behaviorally enhanced gami-
fication (i.e., incorporation game playing elements) as 
well as social incentives to promote exercise, and to test 
the effectiveness of corticosteroid injections to reduce 
pain and improve function in patients with KOA. Addi-
tionally, we designed the trial using a communication 
technology, the Way To Health (WTH) platform, to 
overcome the logistical and methodological difficul-
ties that are common in behavioral economics trials. 
The remote components of this protocol present novel 
opportunities to improve upon common practice and 
scale the intervention across health care systems or 
patient populations.

Objectives {7}
There are two primary study objectives: (1) To 
determine whether an incentive based on behavio-
rally enhanced gamification can improve physical 
activity among patients with KOA and reduce self-
reported pain and disability and (2) to determine if 

corticosteroid injections can reduce pain and disabil-
ity in patients with KOA when compared to lidocaine-
only injections.

Trial design {8}
The study is a randomized trial that incorporates a 
factorial design and crossover intervention (Table  1). 
The factorial design means that participants will be 
randomized to one of 4 unique groups depending on 
whether they will receive no intervention, one inter-
vention, or both of the interventions. Those that do 
not receive corticosteroids at the time of randomi-
zation will crossover at 4  months and receive corti-
costeroid, while those that did receive it will receive 
lidocaine only. Both participants and providers will be 
blinded to injection type [corticosteroid v. lidocaine 
only (placebo)]. We hypothesize that those that receive 
the exercise incentive will achieve higher step counts 
over 32 weeks. We also hypothesize that the symptoms 
of KOA will be reduced over 3  months among those 
receiving corticosteroid injections compared to those 
receiving lidocaine only.

Figure  1 shows the study schema. The study protocol 
has been approved by the Veterans Affairs (VA) Cen-
tral Internal Review Board (CIRB) (Protocol Number: 
1656824–1). Initiation of recruitment is planned for 
March 2022.

Methods: participants, interventions, 
and outcomes
Study setting {9}
The study will recruit at four medical centers within the 
VA Health System across the continental United States 
(Omaha, Puget Sound, Washington D.C., and Philadel-
phia VA Medical Centers). Participants can be identi-
fied in multiple ways including screening of local clinics, 
query of electronic medical record data, and through 
referrals from local clinicians. Participants may receive 
“opt-out” letters before receiving phone calls from the 
research team. Participants who voice interest and who 
answer appropriately to several pre-screen questions may 
be invited to participant in an initial visit where consent 
will be obtained.

Eligibility criteria {10}
The inclusion criteria include:

1. Clinical diagnosis of chronic KOA from a treating 
provider.

2. Age between 40 and 85 years.
3. Kellgren-Lawrence (KL) X-ray grade ≥ 1.

Table 1 Overview of the study’s factorial design

Social incentive and 
gamification

No social 
incentive or 
gamification

Corticosteroid (plus 
lidocaine) injection first

Group 1 Group 2

Placebo (lidocaine 
only) injection first

Group 3 Group 4
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4. The treating physician believes joint injection is indi-
cated or the patient has previously received injec-
tions for palliation.

The exclusion criteria include:

1. Contraindication to receipt of joint injection (i.e., 
intra-articular hardware).

2. Lack of a smartphone allowing interaction with the 
WTH platform.

3. Presentation for acute exacerbation of KOA.
4. Regular use of an assistive device for ambulation or 

inability to walk 2 blocks.
5. Poorly controlled crystalline arthritis or other diag-

nosis of inflammatory arthritis.
6. Treating provider or lead-site investigator (LSI) 

believes life expectancy is less than 1 year.
7. Based on LSI or treating provider discretion, ill-

nesses felt to limit participant’s ability to participate 
in exercise.

8. Non-English speakers or poor reading ability limiting 
the ability to interact with text messages.

The eligibility criteria are aimed at identifying a study 
population that is generalizable to those that might use 
these interventions in real world practice. Exclusions, 
however, are made to ensure that those included are safe 
to participate in exercise and to receive joint injections.

Who will take informed consent? {26a}
Trained study staff that have been approved by the Insti-
tutional Review Board (IRB) will obtain consent from 

potential trial participants. Study staff will schedule ini-
tial study visits with potential participants at the corre-
sponding VA medical center to review the IRB-approved 
consent form, answer questions, and obtain written 
informed consent. The participants consent to stor-
age of research specimens for 10 years for future related 
research studies. Participants are also consented for 
future contact.

Consent visits will take place at dates and times that 
are most convenient for potential study participants. All 
participants will receive their signed copy of the consent 
form which can be found in the supplementary materials, 
as described in Section {32}.

Additional consent provisions for collection and use 
of participant data and biological specimens {26b}
No additional consent provisions are needed for data col-
lection and biological specimens.

Interventions
Explanation for the choice of comparators {6b}
For the exercise incentive, the comparator arm will be an 
attention control. Participants in the control arm will be 
provided with weekly communications to remind them 
of their personal step goals. Additionally, messages will 
remind participants to continue to sync their activity 
monitors and to complete bi-weekly surveys. Patients 
in both arms will receive the same weekly text messages 
and bi-weekly step readjustment surveys to ensure study 
engagement and sufficient data acquisition. For the cor-
ticosteroid injection, the comparator arm will be a lido-
caine-only injection.

Fig. 1 Study schema for the 32-week trial. Abbreviations: Tx, treatment
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Intervention description {11a}

Social incentive + gamification Half of the participants 
will be randomized to participate in a game-based inter-
vention in which they can advance through levels based 
on the achievement of personal step goals. These goals 
are selected by the participant after an observation of the 
average daily steps taken during the run-in period.

Seventy points will be replenished at the start of each 
week in order to leverage the “fresh start effect” [21]. This 
will be done with the intention of preventing participants 
from feeling that they have fallen hopelessly behind. 
Points will be endowed, rather than given after goal 
achievement, to leverage loss aversion—a concept from 
prospect theory that reveals that individuals are more 
motivated by losses than gains [22, 23]. Participants will 
receive “medals” (i.e., gold, silver, bronze) based on their 
weekly point totals to provide feedback and motivate 
achievement of higher levels of activity. Daily messages 
will be sent out to either encourage participants to con-
tinue meeting their daily step goals or to inform partici-
pants that they did not meet their step goals and have lost 
ten points. Every 2 weeks, participants will be given the 
opportunity to adjust their daily step goals if they consist-
ently failed or surpassed their goals.

In addition to the game-based intervention, partici-
pants randomized to the social incentive + gamification 
arm will identify support persons (i.e., family members, 
friends) who will provide social support during the study 
period. These support persons will receive texts or emails 
throughout the study that specify the number of days per 
week in which the participants met their goals and the 
corresponding “medals” earned. The support persons will 
be encouraged to cheer on the participants and encour-
age their progress. If a participant is unable to identify 
a support person, the research coordinator will serve in 
that role.

Corticosteroid injections The research coordinators will 
obtain opacified syringes from the research pharmacists 
and remain blinded to treatment allocation. The active 
treatment injections will contain 40  mg methylpredni-
solone acetate and 2–3 mL of 1% lidocaine. The placebo 
injections will contain 2–3 mL of 1% lidocaine.

Both types of injections will be provided by the par-
ticipants’ normal providers at routine clinical visits. All 
symptomatic knees are eligible for injection and the tech-
nique for providing the injections is at the preference of 
the provider. If a synovial effusion is present, aspiration 
of the effusion will be completed prior to administration 

of the active or placebo injection. Participants will be 
made aware that they may receive either an active injec-
tion or placebo injection at either time-point and that 
they will not be informed of the injection type until the 
study is completed. The injections will be administered 
after all other study procedures are completed during the 
visits. Participants will cross-over to receive both corti-
costeroids and lidocaine only in random order, providing 
an opportunity to quantify within-person effects.

Criteria for discontinuing or modifying allocated 
interventions {11b}
Participants may choose to end participation in the study 
at any time and for any reason. The investigator may 
choose to discontinue allocated interventions if patients 
do not adhere to the study protocol (i.e., too many data 
points are missing, the activity monitor is never synced) 
or if related adverse events occur. Additionally, partici-
pants will be required to withdraw at the time of any sur-
gical intervention on the knee.

Strategies to improve adherence to interventions {11c}
Members of the central study team will regularly monitor 
adherence to the protocol across all participating sites. 
They will maintain regular communication with each 
local investigator regarding study progression.

Each participant, regardless of treatment assignment, 
will be compensated according to their participation 
with the study (i.e., completion of surveys and syncing of 
activity monitor). Participants will receive one hundred 
and sixty dollars ($160) per 4-month period. Participants 
will lose ten dollars ($10) each week if they forget to com-
plete their questionnaires or lose fifteen dollars ($15) 
each month if they have more than 1 day of data missing 
from their activity monitors. Additionally, the WTH plat-
form will facilitate text messages and/or emails to remind 
participants to wear their activity monitors, complete 
their questionnaires, and expect upcoming compensa-
tion. Alerts will be sent to study staff via WTH remind-
ing them to contact participants who are not completing 
study events.

Relevant concomitant care permitted or prohibited 
during the trial {11d}
Participants are allowed to continue their routine care 
and there is no limitation to concomitant care permitted, 
with the exception of intra-articular viscosupplemen-
tation during the trial. The 40  mg methylprednisolone 
acetate dose in the active injection allows for the provi-
sion of a single “rescue” injection of an additional 40 mg 
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methylprednisolone acetate, if necessary, for all par-
ticipants without the risk of unblinding and/or exposing 
them to doses that exceed 80  mg within three months. 
Injections with viscosupplements are not permitted dur-
ing study participation.

Provisions for post‑trial care {30}
Study participants will return to their usual care or be 
referred to clinical providers at the conclusion of the 
study.

Outcomes {12}
Primary outcomes
Step counts will be measured daily through linkage of 
activity monitors (Fitbit™) to the WTH platform. In the 
primary analysis, days with step counts < 1000 steps per 
day will be considered missing as previously described in 
the BE FIT trial [24]. Daily steps will be averaged over the 
valid days of wear for the week. We will assess the percent 
change from the baseline run-in period for average steps 
per day (calculated weekly) over 32 weeks. Additionally, 
the change in KOOS score from baseline will be calcu-
lated via platform-administered questionnaires every 
2 weeks. KOOS scoring guidelines are published and the 
minimum clinically important difference in improvement 
well established [25, 26]. In the context of KOA, evidence 
exists to support a direct relationship between greater 
daily step counts and decreased risks of mortality, heart 
disease, and cancer as well as reduced symptomatic bur-
den of hip and KOA [10, 11, 27, 28]. This study will test 
whether an incentivized intervention geared to motivat-
ing patient activity, and/or intra-articular corticosteroid 
injections, can improve step counts in KOA patients.

Secondary outcomes
We will assess the change in Patient-Reported Outcomes 
Measurement Information System (PROMIS) Pain Inten-
sity score from baseline via platform-administered sur-
vey every 4  weeks over 32  weeks. Furthermore, we will 
determine the change in PROMIS Fatigue from base-
line via platform-administered survey. PROMIS scoring 
guidelines, development, and uses have been published 
[29–31].

Other exploratory outcomes assessed monthly will 
include the likelihood of achieving personal daily step 
goals; the likelihood of achieving a daily step count 
greater than 6000 daily steps [32]; the change from 
baseline in individual KOOS domains—pain, physical 
function, symptoms, ability to participate in sports and 
recreation, and quality of life [25]; the change in PROMIS 
Pain Behaviors, General Life Satisfaction, and Pain Inter-
ference; the change in pain catastrophizing; the change in 

use of opioid medications; and the change in Pittsburgh 
Sleep Quality Index (PSQI). Please see the scoring guide-
lines for KOOS domains, PROMIS, pain catastrophizing 
scale, and PSQI [25, 29–31, 33, 34].

Additionally, the study team will store synovial fluid 
specimens from study injection visits for exploratory 
analyses.

Participant timeline {13}
Table 2 provides an overview of the participant timeline. 
Participation will last approximately 8 months, including 
three research visits at the study site. Participants will use 
the WTH platform to set their step goals and to receive 
daily reminders to sync their activity monitors. The study 
team will administer study questionnaires via the WTH 
platform during the baseline visit and in 2-week and 
4-week follow-up intervals.

Before participants are fully enrolled, they will be 
scheduled for initial screening visits at the study sites to 
determine eligibility. During this screening/enrollment 
visit, study staff will review all related procedures, obtain 
informed consent, and ask participants to complete base-
line questionnaires. Participants will be provided with 
activity monitors that are linked to the WTH platform. 
After completion of the initial visit, there will be a 2- to 
6-week run-in period in which the participants will wear 
their activity monitors and sync them with the WTH 
platform daily. If participants do not regularly use or sync 
their activity monitors during this run-in period, they 
may be withdrawn from the study.

Following the run-in period, participants will be ran-
domized into one of four study arms and scheduled for 
two knee injections. Participants randomized into either 
of the exercise incentive study arms will be asked to share 
their progress with a support partner and will receive 
daily motivational reminders via the WTH platform. The 
first injection will take place after the run-in period and 
the second injection will take place approximately 14 to 
18  weeks post-first injection. The provider will aspirate 
the participant’s knee(s), provide any excess synovial fluid 
to the study team for exploratory biomarker analyses, 
and administer the injections from opacified syringes.

Sample size {14}
Aim 1
In the MOVE-OK pilot study, we observed an effect size 
of approximately 1500 steps increase from baseline for 
the behaviorally enhanced gamification incentive. For 
the average person, 1000 steps is about half of one mile 
[35, 36]. A study of 220 subjects will provide > 85% power 
to detect an increase of 1003 in average steps per day 
assuming 10% dropout and α = 0.05.
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Aim 2
In our preliminary study, we observed a moderate effect 
size on the total KOOS score, favoring corticosteroid 
injections (d = 0.52). A study of 220 patients would have 
97% power to detect effect sizes of d = 0.52 and 80% 
power to detect more moderate effects consistent with 
prior studies (d = 0.40) [37], assuming a 10% dropout 
rate. If similar effects are observed in the crossover analy-
sis, we can expect > 99% power in the crossover analysis 
even after assuming a dropout rate of 20%. Sample size 
calculations were performed on Stata software (v. 14.2, 
StataCorp, LP, College Station, TX).

Recruitment {15}
Participants will be identified in multiple ways includ-
ing screening of local clinics, query of electronic medical 
record data, and through referrals from local clinicians. 
The local teams will place posters and pamphlets con-
taining study descriptions and study team contact infor-
mation in clinical spaces. Patients will be able to call or 
email the research coordinators directly to discuss par-
ticipation in the study. In addition, the central team will 

query medical records from each participating VA site to 
identify patients with a diagnosis of KOA who have been 
seen at each site within the past year or study staff may 
approach participants at their clinic visits if their pro-
vider has indicated their patient’s potential interest. The 
local coordinators will review these lists and pre-screen 
through medical records to identify any exclusions. 
Potential participants will receive “opt out” letters and 
receive follow-up phone calls approximately 1 week later 
to determine interest in participation.

Assignment of interventions: allocation
Sequence generation {16a}
The WTH platform software randomizes participants 
and assigns them to one of the intervention arms during 
the randomization visit. Participants can be randomized 
into to one of 4 groups based on the factorial design. 
Several stratification variables are utilized including site, 
gender, and baseline step count.

Concealment mechanism {16b}
To digitally conceal the injection type, the WTH platform 
codes the intervention arms ‘A’ or ‘B’ and all pharmacy 

Table 2 Schedule of enrollment, intervention, and assessments

Abbreviations: KOOS Knee Injury and Osteoarthritis Outcome Score, PROMIS Patient-Reported Outcomes Measurement Information System, ICOAP Measure of 
Intermittent and Constant Osteoarthritis Pain, PSQI Pittsburgh Sleep Quality Index, KOFBeQ Knee Osteoarthritis Fears and Beliefs Questionnaire, IPAQ International 
Physical Activity Questionnaire

Study period

Enrollment Intervention period 1 Washout Intervention period 2

Timepoint Weeks 0–4 Weeks 4–16 Weeks 16–20 Weeks 20–32

Enrollment:
 Eligibility screen X

 Kellgren-Lawrence X

 Informed consent X

 Way to Health setup X

 Fitbit™ setup X

 Randomization (Week 4) X

Interventions:
 Exercise Incentive X X

 Injection 1 X

 Injection 2 X

Assessments:
 Medical history X

 Biweekly KOOS X X X X

 Monthly PROMIS X X X

 Monthly ICOAP X X X

 Monthly PSQI X X X

 KOFBeQ X X X

 IPAQ X X X

 Collection of synovial fluid X X
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orders contain non-explicit wording. To conceal the 
physical appearance of the intervention, syringes are 
opaque with the contents covered by a label and placed 
in a sealed bag.

Implementation {16c}
Research staff will enroll study participants and assist 
them with the creation of WTH accounts. At randomi-
zation, the WTH platform will generate the allocation 
sequence and assign interventions. The research pharma-
cists will have access to WTH to view the participants’ 
assigned interventions and will maintain a key to the 
blinded naming (i.e., which intervention is ‘A’ and ‘B’).

Assignment of interventions: blinding
Who will be blinded {17a}
For the duration of the study, all trial participants, coor-
dinating research staff, and investigators will be blinded 
to the type of injection received. The only unblinded staff 
will be the research pharmacists that will prepare the 
intervention injections, but they will not interact directly 
with the participants. The biostatistician involved in data 
analysis will also be blinded to the intervention.

Procedure for unblinding if needed {17b}
In the unlikely scenario where unblinding is necessary, a 
formal request will be placed to the research pharmacist 
from the local site investigator who will share the infor-
mation with relevant clinical staff and the participant.

Data collection and management
Plans for assessment and collection of outcomes {18a}
The change in steps from baseline will be assessed over 
all time-points (32 weeks) through linkage of the WTH 
platform to activity monitors. All survey links will be 
sent directly to participants on their mobile devices every 
2  weeks irrespective of intervention arm. As described, 
the KOOS is a validated and widely used instrument to 
assess the impact of knee osteoarthritis on pain, function, 
and quality of life [25, 26]. Additional measures will be 
collected through WTH on either a bi-weekly or monthly 
basis and include (Table 2) PROMIS, PSQI, Intermittent 
and Constant Osteoarthritis Pain (ICOAP), Knee Osteo-
arthritis Fears and Beliefs Questionnaire (KOFBeQ), and 
the International Physical Activity Questionnaire (IPAQ). 
For more information on validation and scoring, please 
consult the respective sources [29–31, 33, 34, 38–40].

Given the functionality of the WTH platform, partici-
pants will have a week to complete surveys before the 
link expires, be prompted to complete missed questions 
prior to survey submission, and receive platform and staff 
reminders to ensure accuracy and completion of surveys. 

Staff will be able to contact participants immediately in 
order to edit erroneous or missing data in real time.

Plans to promote participant retention and complete 
follow‑up {18b}
The WTH platform not only tracks all study events and 
their completion but also sends messages and remind-
ers to both participants and study staff. Participants will 
receive unique links for each study event and multiple 
reminders to complete events during their respective 
windows. Participants are also compensated based on 
the number of events they complete, and the WTH plat-
form reminds them of the compensation that is lost if an 
event is missed. Additionally, research staff will receive 
daily reminders to contact participants if expected study 
events have not yet been completed. As a supplemen-
tary strategy to improve study retention and adherence, 
participants will be given promotional materials such as 
pins, pens, and tote bags during the randomization visit. 
All approaches to improve retention will be irrespective 
of the treatment arm.

If participants withdraw from the study, discontinue 
participation, or otherwise deviate from the protocol, 
their status can be changed on the WTH platform so that 
there is no further data collection. Data already collected 
may be used depending on its validity and completion.

Data management {19}
Primary data capture will occur through the WTH plat-
form. The platform coding generates staff alerts for 
missing, erroneous, or incomplete data entry. All staff 
members have access to a shared drive behind the VA 
firewall with standardized operating procedure tem-
plates, study visit checklists, instructional videos, and 
local tracking files to ensure high quality of data collec-
tion, to track (S)AEs and payment, and to minimize the 
risk of protocol deviations and other errors. The lead site 
will offer training sessions in addition to biweekly team 
meetings for research staff to raise questions or concerns.

Confidentiality {27}
The WTH platform is HIPAA compliant and is the pri-
mary instrument for data collection. All data will be 
stored according to unique, random, patient identifiers 
generated for the purposes of the study. This data will be 
located on the secure/firewalled servers for the Univer-
sity of Pennsylvania Biomedical Informatics Consortium 
(BMIC) Data Center in data files that are protected by 
multiple password layers. These data servers are main-
tained in a guarded facility behind several locked doors, 
with very limited physical access rights. They are also 
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cyber-protected by extensive firewalls and multiple lay-
ers of communication encryption. For more information, 
please visit the WTH Legal & Privacy page [41].

Local data will be stored on VA-approved and pro-
tected research servers at each individual institution 
behind the VA firewall. Paper records will be kept in 
locked filing cabinets in electronically secured buildings. 
After the conclusion of study procedures, all datasets will 
be cleaned of personally identifiable information before 
they are exported for analysis. The likelihood of loss of 
confidentiality is very low given the information security 
and privacy requirements that are in place.

Plans for collection, laboratory evaluation, and storage 
of biological specimens for genetic or molecular analysis 
in this trial/future use {33}
At the time of injection visits, if excess synovial fluid 
from joint aspirations is available, the treating physician 
will notify research staff and collect the fluid in tubes 
containing sodium heparin or lithium heparin. All excess 
synovial fluid will be labeled with de-identified informa-
tion and stored at the coordinating site in Co-Investi-
gator’s secure, laboratory for future molecular studies. 
These samples will be used for studies related to the pro-
posed research and covered by the existing IRB, destruc-
tion when no additional studies are planned. No genetic 
analysis is proposed in this trial. Participants consent for 
future use of data and biospecimens as well as recontact 
(Section {26a}), though additional IRB approvals would 
be needed if not related to the current study protocol.

Statistical methods
Statistical methods for primary and secondary outcomes 
{20a}
For Aim 1, a comparison of baseline characteristics across 
the exercise intervention arms will be evaluated to ensure 
that randomization resulted in balance of covariables. 
A CONSORT diagram will be generated and the reten-
tion for each study arm will be assessed. The number of 
missing data-points for primary and secondary outcomes 
will be quantified over the study follow-up and evaluated 
by the treatment arm. The primary analyses will use an 
intention-to-treat approach but secondary analyses will 
explore consistency with a per-protocol approach. The 
primary outcome of change in steps from baseline will be 
assessed over all time-points (over 8 months) using linear 
mixed-effect models with participants as a random effect. 
Mixed effect models, which allow for varying follow-up 
time and missing weekly measurements, give us flexibil-
ity using all of the available data. These models will test 
effects of the exercise incentive on the overall change in 
weekly average step counts from baseline over the entire 
follow-up period. Multiplicative interaction terms will 

be included in regression models to test for interactions 
between the exercise incentive and the receipt of corti-
costeroid injections.

For Aim 2, a comparison of baseline characteristics 
across the injection intervention arms will be evaluated. 
The primary analysis will use a linear mixed-effect model 
to test effects of corticosteroid injections on the change 
in KOOS score over all observations across treatment 
groups over three months. Linear mixed effect models 
will test treatment effects on the overall change in steps 
counts during each 3-month period adjusting for average 
values prior to the injection. A time and treatment inter-
action approach will be added to the mixed effect model 
to assess the trend of change within the follow-up period.

Secondary outcomes, including achievement of a mini-
mal clinically important improvement, change in average 
daily step counts, PROMIS scores, pain catastrophizing, 
PSQI, KOOS domains, and use of opioid medications, 
will be assessed using a similar longitudinal modeling 
approach.

Interim analyses {21b}
There will be no interim efficacy analyses or stopping 
rules.

Methods for additional analyses (i.e., subgroup analyses) 
{20b}
Since all participants will receive both types of injection, 
the study design provides an opportunity to perform 
a crossover analysis. The value is the added statisti-
cal power and complete balance of patient-level factors. 
However, a limitation of the study design is the inherent 
risk of carryover or sequence effects. One treatment may 
seem more favorable due to the sequence in which it was 
received. Initial analyses will describe the participants 
that completed both injections and are therefore eligible 
for crossover analyses. All time-points within 12 weeks of 
the injections will be included in these crossover analy-
ses. The first-order carryover effect will be assessed by 
testing for intervention-by-period interactions.

There will also be several planned stratified analyses 
including by biologic sex, those with higher KL grade, 
those with low baseline step counts, and those with low 
KOOS scores at baseline.

Methods in analysis to handle protocol non‑adherence 
and any statistical methods to handle missing data {20c}
Several measures will be taken to assess the robustness of 
the primary analysis. Pattern-mixed models will be used 
to assess the potential influence of missing data. Subjects 
will be divided into groups depending on their missing-
data patterns and the variables based on their miss-
ing-data pattern will be used as covariates. Sensitivity 
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analyses will also assess the impact of missing data by 
evaluating a Last Observation Carried Forward (LOCF) 
approach.

Plans to give access to the full protocol, participant‑level 
data, and statistical code {31c}
Upon reasonable request, the study team may be permit-
ted to share the protocol, patient-level data, and statisti-
cal code with approval of the VA Office of Research and 
Development.

Oversight and monitoring
Composition of the coordinating center and trial steering 
committee {5d}
The coordinating center is at the Corporal Michael J. 
Crescenz VA Medical Center and includes the PI, co-PI, 
a program manager, and a team of research coordina-
tors. While there is no formal steering committee, 
the core investigative team includes experts in reha-
bilitation, exercise interventions, rheumatology, clini-
cal trials, and biostatistics. There is also a Data Safety 
Monitoring Committee (DSMC), which is discussed 
below.

Composition of the data monitoring committee, its role, 
and reporting structure {21a}
A DSMC has been established and includes 3 experts 
in conduct of clinical trials, epidemiology/biostatis-
tics, and physical activity interventions. They will meet 
annually to discuss recruitment, adverse events, and 
any other unexpected deviations or events. This com-
mittee is independent from study sponsors. Its mem-
bers will disclose any potential conflicts of interest.

Adverse event reporting and harms {22}
On a bi-weekly basis, participants will be asked to 
report any visits to an emergency room, hospitali-
zations, or flares of joint pain on the WTH platform. 
Research staff will contact participants who report 
these events and determine if they are related to the 
trial procedures. In addition, research staff will flag 
participants’ electronic health records and receive 
alerts for hospitalizations occurring at their local sites. 
Research staff will follow IRB guidelines when report-
ing events to the central and local IRB. Given the 
nature of the adverse events reported in the pilot study, 
increased hospitalizations due to comorbidities (i.e., 
diabetes, hyperlipidemia, chronic kidney disease, etc.) 
are unrelated to study procedures and to be expected. 
Any serious, related, or unexpected adverse event will 
be reported to the IRB and reported in trial publica-
tions. The study will not use any standardized coding 
system for adverse events.

Frequency and plans for auditing trial conduct {23}
The principal investigator is responsible for auditing 
trial conduct and reporting to the IRB and DSMC. The 
local research office will perform periodic review of 
consents at each site and the central and local IRB may 
request a study audit at any time.

Plans for communicating important protocol amendments 
to relevant parties (i.e., trial participants, ethical 
committees) {25}
Protocol amendments are submitted to the VA Cen-
tral IRB for approval and disseminated to local sites 
through bi-weekly meetings. Participants will be noti-
fied if changes to the protocol modify the risk/benefit 
profile of the study.

Dissemination plans {31a}
Results of the trial will be shared through publication in 
peer-reviewed journals. Data access may be provided on 
reasonable request.

Discussion
Osteoarthritis is an extremely common and burdensome 
health condition with relatively few effective therapies. 
The MOVE-OK trial will use a pragmatic approach to 
understanding whether incentive-based gamification can 
improve physical activity (i.e., step counts) in patients 
with KOA and whether corticosteroids injections reduce 
pain and disability in this patient population.

We plan to fill current gaps in the literature using an 
innovative factorial trial design that efficiently addresses 
both research questions within a single randomized 
trial. In addition, the crossover element of our design 
lowers participant variation and improves statisti-
cal power by allowing us to observe the effect of both 
injection treatments (corticosteroid vs. lidocaine) on 
each participant. The use of remote wearable technol-
ogy is innovative and will measure primary outcomes 
in real-world settings. This allows for the collection of 
accurate data on participants’ pain and disability while 
reducing both the intrusiveness of the measurement 
and potential clinical biases. The highly virtual nature of 
data collection is also a strength in that it may improve 
retention and limit interruptions in data capture. Chal-
lenges in scheduling in-person visits are reduced, for 
example, due to individual or systemic barriers (i.e., 
pandemic restrictions).

We also propose to evaluate the effects of these inter-
ventions in particular subgroups including biologic sex, 
those with more advanced radiographic disease, those 
with low baseline step counts, and those with low KOOS 
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scores at baseline. In addition, exploratory analyses will 
evaluate the impact of pain catastrophizing, central-
ized pain, sleep quality, and the use of opioid and non-
opioid analgesics. Exploratory analyses will also evaluate 
synovial fluid characteristics to better understand how 
inflammatory changes in the joint may predict response 
to different interventions, potentially leading to new pre-
dictive biomarkers. These analyses will help identify the 
types of patients that are most likely to respond to these 
interventions and help to inform more precise guidelines 
in this area.

This trial has some limitations worth noting. Using 
a factorial design can increase the complexity of data 
analysis and participant randomization, as well as the 
possibility of interactions between the two treatments. 
As each participant receives both treatments after the 
crossover, there is a potential for order effects: the first 
injection received (i.e., Corticosteroids) may have an 
effect on the efficacy of the second injection received 
(i.e., lidocaine) or vice-versa. We also chose a 40  mg 
dose for the trial in order to allow for unblinded res-
cue injections; however, higher doses may be necessary 
to achieve a more meaningful effect. Further, missing 
data is a common source of bias in clinical trials. In this 
case, a clear approach is needed for managing missing 
step counts and survey data. A plan to replace partici-
pants that withdraw can be considered in order to keep 
the treatment comparisons balanced. Lastly, the use of 
a smartphone and the WTH platform presents a tech-
nological and economic barrier that might not make the 
study completely generalizable to the veteran popula-
tion as whole. The study team will intervene if partici-
pants encounter technological issues to help maintain 
participation. Implementation of these interventional 
approaches might benefit from a focus on improving 
access to the technology.

In summary, the findings of this trial will provide 
insight into the treatment of KOA in two important ways. 
The study will determine if incentive-based gamifica-
tion can improve physical activity within a KOA popula-
tion in order to reduce pain and improve function. The 
study will also quantify the efficacy of corticosteroids by 
providing outcomes measured at frequent time points in 
real-life conditions, including outcomes related to pain 
AND physical activity. Results will help influence future 
guidelines and health care policy surrounding these 
interventions.

Trial status
The current protocol version is 2 (9/13/2021). Recruit-
ment is expected to begin March 2022 and will end 
approximately March 2025.
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