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Abstract

Background Outcomes following surgery to operatively manage extremity fractures are variable, and up to two-
thirds of patients report chronic post-surgical pain. Preliminary evidence suggests that psychotherapy directed

at improving coping skills and reducing somatic vigilance may improve outcomes among fracture patients. The
objective of this pilot study was to test the feasibility and acceptability of a randomized controlled trial comparing
an online cognitive behavioural therapy (CBT) program versus usual care in patients with an operatively managed
open or closed extremity fracture.

Methods We conducted a single-centre internal pilot study over a 10-month period in patients with at least one
operatively managed open or closed fracture of the appendicular skeleton. Participants were randomized to an online
CBT program or usual care and followed for 12 months. The goals of our pilot study were to determine an accept-
able rate of recruitment, the degree to which participants randomized to CBT were compliant with treatment,

the site investigator’s ability to adhere to study protocol and data collection procedures, and our ability to achieve
high follow-up rates. Feasibility criteria were evaluated using a graded “traffic light"approach, in which “green light”
indicates moving forward with the definitive trial, “yellow light”indicates proceeding with modifications to the proto-
col and trial procedures, and “red light”indicates a definitive trial is not feasible without significant protocol and trial
procedure modifications.

Results We enrolled 94 participants over 10 months, which resulted in a “yellow light”for recruitment. Participant
compliance with completion of the online CBT program received a “yellow light”, with 60% of participants who

were randomized to CBT completing all seven modules. However, 40% of participants in the CBT-arm withdrew

from the program, resulting in a “red light". Adherence with the study protocol activities at baseline was relatively high
(88%) which resulted in a “yellow light”. Follow-up was 85% (80 of 94) at 12 months, resulting in a “yellow light”.

Conclusions These results suggest feasibility of a definitive, multi-centre trial to compare CBT versus usual care
in the management of persistent post-operative pain in fracture patients despite the pilot phase identifying some
challenges with enrollment timelines, compliance with the CBT program, and participant follow-up. For the definitive
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trial, we will expand participant recruitment to additional centres and implement strategies to optimize participant
engagement and compliance with the CBT program and follow-up.

Trial registration ClincialTrials.gov (NCT04274530). Registered February 18, 2020, https://classic.clinicaltrials.gov/ct2/

show/NCT04274530.

Keywords Pilot study, Feasibility, Cognitive behavioural therapy, Chronic pain

Key messages regarding feasibility

+ Emerging evidence suggests that cognitive behav-
ioural therapy (CBT) may improve outcomes after
fracture repair. We conducted a pilot study to evalu-
ate the feasibility of a definitive trial of online CBT vs.
usual care among patients with operatively managed
extremity fractures.

+ Additionally, with Ontario COVID pandemic regula-
tions requiring research personnel to conduct study
measures remotely, our pilot study assessed the prac-
ticality of remote recruitment and follow-up meth-
ods.

+ Our internal pilot study identified key issues that
might have rendered a definitive trial unfeasible. By
modifying our protocol to address these challenges,
we have enhanced the feasibility of a definitive trial
involving 10 trauma centres in the United States and
Canada.

Background

Outcomes following surgery to manage extremity frac-
tures widely vary. While some patients recover quickly
and return to their pre-injury levels of activity, many
report ongoing disability and persistent pain a year after
fracture repair surgery [1, 2]. In a study examining sur-
gical repair of open fractures of the appendicular skel-
eton, at 1-year post-fixation, 67% of patients reported
moderate to severe pain and 38% reported moderate to
extreme pain interference [3]. Furthermore, a recent sys-
tematic review found an incidence of chronic post-sur-
gical pain of approximately 50% 2 years after extremity
fracture surgery [4].

There is a recognized relationship between the devel-
opment of chronic pain and the presence of stress, dis-
tress, anxiety, depression, catastrophizing, fear-avoidance
behaviors, and poor coping strategies [5]. The Somatic
Pre-Occupation and Coping (SPOC) questionnaire
was designed and validated to identify unhelpful illness
beliefs among orthopedic trauma patients [6]. Higher
somatic pre-occupation and poor coping (as measured
by the SPOC questionnaire) have shown a strong asso-
ciation with chronic pain, functional limitations, unem-
ployment, and reduced quality of life 1 year after fracture

repair [6, 7]. Further, there is moderate certainty evidence
that peri-operative psychotherapy can reduce chronic
pain and persistent impairment after surgical proce-
dures [8]. This suggests the possibility that patients with
unhelpful illness beliefs undergoing operative fixation
of an extremity fracture could be targeted for concur-
rent therapy designed to modify unhelpful cognitions to
improve their prognosis.

Psychological treatments such as cognitive behavioural
therapy (CBT) can potentially help to address unhealthy
illness beliefs and behaviours and could reduce persistent
post-surgical pain and its associated effects among ortho-
paedic fracture patients [3]. To date, there has only been
one randomized trial of CBT compared to usual care for
older people who underwent surgery for hip fracture,
with the aim to reduce depressive symptoms [9]. No ran-
domized trial has explored the effectiveness of CBT for
reducing chronic pain after fracture repair surgery [8].
Therefore, we designed a trial assessing CBT compared
to usual care for reducing chronic pain after operatively
managed extremity fractures. We elected to provide CBT
delivered remotely by an online service provider due to
the mobility and transportation challenges involved in
getting fracture patients to access in-person CBT in a
previous in-person pilot study [10]. This service provider
delivered CBT via online modules that participants com-
pleted with asynchronous support and feedback from
licensed therapists. In a recent systematic review and
meta-analysis of randomized controlled trials, high cer-
tainty evidence showed no difference in effectiveness if
CBT was delivered in-person or remotely with therapist
guidance, across a range of clinical conditions [11].

The purpose of this internal pilot study was to assess
the feasibility of a definitive randomized trial comparing
online CBT to usual care for patients with operatively
managed extremity fractures. Specific feasibility objec-
tives were centered around adequate participant enroll-
ment, CBT program compliance, and overall participant
follow-up and compliance with the study protocol.

Methods

Study overview

We conducted a local internal pilot study to determine
the feasibility of the Cognitive Behavioural Therapy to
Optimize Post-Operative Recovery (COPE) trial before
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expanding enrollment to additional trauma centres in
Canada and the United States. The COPE trial is coor-
dinated by the Surgery Methods Centre at McMaster
University. One local site (Hamilton Health Sciences—
General Site), which is affiliated with McMaster Uni-
versity, participated in the pilot phase. The trial was
registered with ClinicalTrials.gov (NCT04274530) and
was approved by the Hamilton Integrated Research Eth-
ics Board (#4336) prior to participant enrollment. The
pilot phase was conducted over a period of 10 months
from January to October 2021. At the time of this pilot
study initiation, COVID-19 pandemic restrictions pre-
vented research personnel from performing in-person
study procedures. Therefore, the protocol was designed
to allow all research activities, including recruitment,
CBT registration, and follow-up visits, to be completed
remotely.

Participant identification and screening

Clinical staff within the patient’s circle of care, including
surgeons, nurses, and surgical residents, were the first to
approach eligible patients about the possibility of par-
ticipating in the COPE trial. The research team verified
the eligibility of patients who consented to be contacted
and called each patient to give a brief introduction to the
study and schedule the informed consent discussion if
desired. This initial contact via phone provided an oppor-
tunity to assess each patient’s willingness and availability
to be contacted remotely for data collection, which was
essential to their successful participation in the year-long
trial.

Eligibility criteria

Eligible patients were men and women ages 18 or older
who had received definitive operative treatment with
internal fixation for an open or closed fracture of the
appendicular skeleton. Patients were required to have
access to a Wi-Fi-enabled smartphone, tablet, or com-
puter and possess the English language skills and cogni-
tive ability required to independently participate in an
online CBT program. Among those patients who were
fully weight-bearing, those not experiencing any pain in
the fracture region were ineligible to participate in the
trial. All patients were required to provide informed con-
sent and be randomized to a treatment arm between 2
and 12 weeks after their fracture.

Informed consent

Study personnel called eligible patients to discuss the
study and obtained informed consent, either verbally
with another study coordinator acting as phone witness,
or through an electronically signed informed consent
form. The study coordinator then provided participants
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with contact information for the research team and
offered them a choice between an electronic or mailed
copy of the informed consent form.

Randomization

After providing informed consent, participants were ran-
domized using REDCap Cloud electronic data capture
(EDC) software to either the online CBT (intervention)
group or to the usual care (control) group. Treatment
allocation was stratified based on the following factors:
(1) sex; (2) at least one open fracture versus no open frac-
tures; (3) military, veteran, or first responder status; and
(4) illness beliefs as defined by SPOC score (greater ill-
ness beliefs defined as SPOC score >48 versus lesser ill-
ness beliefs defined as SPOC score <48).

Treatment groups
Participants randomized to the CBT group were pro-
vided with access to an online CBT program offered by
a private company, LifeWorks (recently transitioned to
Telus Health; telushealth.com), that specializes in treat-
ing patients using online psychotherapy. The program
was developed specifically for study participants and
focused on managing pain after fracture surgery through
seven self-led modules [12]. All parts of the program
were accessible using a mobile app on an internet-ena-
bled smartphone or tablet, or via an internet browser on
a personal laptop or computer. Participants completed
an initial assessment and were then scheduled to meet
with their assigned therapist via telephone to ensure they
were not experiencing active psychosis or suicidal idea-
tion, in which case they were ineligible for the trial and
referred to emergency services in their area. A full list
of eligibility criteria is reported in the COPE trial pro-
tocol [13]. Eligible patients who consented to partici-
pate and were randomized to the intervention arm were
instructed to complete the seven CBT modules at their
own pace which was expected to take approximately 1-2
h per week for 8 weeks. Each module provided education
and exercises to help participants reflect on their beliefs
related to pain and recovery and improve their coping
skills for pain management. Topics included changing
negative thoughts, goal setting, mindfulness, and sleep
habits. The participant’s therapist monitored their pro-
gress, made modules available, and provided feedback
and support as needed. In-app messaging was also avail-
able to allow participants to reach out to their therapist
with questions at any time.

Participants randomized to the usual care group did
not have access to the online CBT program and received
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standard and routine care as determined by their
surgeon.

Outcome measures

The goals of our pilot study were to determine the rate
of recruitment, adherence to study protocol and data col-
lection procedures, our ability to achieve close to 100%
follow-up rates, and the degree to which patients rand-
omized to CBT complied with treatment.

The primary clinical outcome of the definitive trial is
the prevalence of moderate to severe persistent post-sur-
gical pain at 12 months post-fracture. Secondary clinical
outcomes of the definitive trial include physical function,
mental function, return to function, pain severity, and
pain interference over 12 months post-fracture, and the
proportion of participants prescribed opioid class medi-
cations (and average dose) at 6 and 12 months post-frac-
ture. Clinical outcomes were assessed at 3, 6, 9, and 12
months post-fracture.

Data collection and participant follow-up

At enrollment, study coordinators sent private links to
the baseline surveys to participants via email. Research
staff stayed on the phone with participants during sur-
vey completion to provide support and answer questions
as participants completed the surveys for the first time.
Research personnel emailed the registration link for the
CBT program to participants who were randomized into
the online CBT program and guided them through the
registration process. Links to the follow-up question-
naires were sent via email with research staff calling or
emailing participants to complete the required study fol-
low-up visits at 3, 6, 9, and 12 months post-fracture.

To further encourage participant compliance with the
study, research personnel also emailed participants with
details of their next study follow-up visit. They also pro-
vided participants enrolled into the CBT program with a
“User’s Guide” that listed common questions and answers
related to the use of the program [14].

Success criteria for pilot study outcomes

Feasibility outcomes were selected to determine what
modifications, if any, would be required before proceed-
ing to a larger, definitive trial. Since our outcomes did not
lend to a traditional quantitative analysis, we established
thresholds of feasibility using a “traffic light” set of cri-
teria, which are outlined in detail in Table 1. Using this
approach, a “green light” indicated moving forward as is
with the definitive trial, a “yellow light” indicated pro-
ceeding with some modifications, and a “red light” indi-
cated the objective was not feasible without significant
modifications [15]. In addition to the traffic light crite-
ria, the research team reviewed the common reasons for
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exclusion, including why patients declined to participate,
as well as reasons for early withdrawal. This approach
allowed us to frequently monitor our feasibility measures
and evaluate the need for adjustments. Criteria for feasi-
bility and threshold details for each of the traffic light cat-
egories are outlined in Table 1. Success thresholds were
determined based on prior orthopaedic trauma pilot
studies while taking into consideration the timelines and
methodological standards required for efficiently con-
ducting a high-quality clinical trial [16, 17].

Sample size

Since feasibility objectives in our pilot trial did not lend
themselves to traditional quantitative sample size calcu-
lations, we selected an enrollment period of 10 months
and a minimum sample size of 75 patients to assess the
feasibility of a definitive trial. Additionally, other ortho-
paedic fracture trials conducted through our methods
centre using a traditional randomized controlled trial
design have successfully conducted pilot studies using
sample sizes ranging from 50 to 100 participants [18].

Statistical analysis

Descriptive statistics were used to analyze the baseline
characteristics reported by treatment groups as count
(percent) for categorical variables and mean (and stand-
ard deviation) for continuous variables when normally
distributed or median (and interquartile range) when not.
Descriptive statistics were used to summarize feasibility
outcomes. Using the results of the feasibility analyses, the
investigators determined which traffic light criteria were
met for each feasibility endpoint.

Results

Feasibility category 1: participant enroliment

In this pilot study, a total of 528 patients were screened
between January and October 2021. Of these, 290 did
not meet inclusion/exclusion criteria (55%), an additional
132 (25%) declined participation, and 12 potential par-
ticipants were missed (not screened) (23%) (Fig. 1). The
most common reasons for exclusion were anticipated
problems with follow-up (n=118, 41%) and patients not
having consistent internet access (n=44, 15%) (Table 2).
In total, 94 patients were enrolled and of these, 89 were
randomized. The remaining five participants could not
be reached by research personnel after the enrollment
visit (n=>5) (Table 3). Overall, 11 (12%) of 94 participants
withdrew prior to or at the baseline visit, resulting in 83
active participants.

Examining the first of the traffic light criteria for
enrollment, 12 of the 238 participants who met the eli-
gibility criteria (5%) were missed, resulting in a “green
light” (threshold for the greenlight was less than 10%
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Patients at least 18 years of age, presenting to a fracture clinic within 2-12 weeks
following an acute open or closed fracture(s) of the appendicular skeleton,
treated with internal fixation (n=528)
»| Ineligible patients (n=434)
A4
Patients enrolled (n=94)
» Unable to locate prior to randomization (n=5)
; ’ ]
Randomized into the CBT group (n=45) Randomized into the usual care group (n=44)
A4
Completed follow-up visit for primary outcome: Completed follow-up visit for primary outcome:
3 months (n=37; 82%) 3 months (n=44; 100%)
6 months (n=37; 82%) 6 months (n=41; 93%)
9 months (n=38; 84%) 9 months (n=43; 98%)
12 months (n=38; 84%) 12 months (n=42; 96%)
Fig. 1 Study flow diagram of enroliment
Table 2 Reasons for exclusion
Reasons for exclusion Number
of patients
excluded
n=290
Number (%)
Anticipated problems with follow-up 118 (41%)
Does not have required language skills or cognitive skills 44 (15%)
Does not have consistent online access 44 (15%)
Not experiencing pain 40 (14%)
Not suitable for CBT program (active psychosis, suicidality, incarceration, substance use disorder or already participating in mental 35(12%)
health therapy)
Concomitant injury 9 (3%)

Table 3 Early withdrawals

Reasons for withdrawal and visit of withdrawal Number of
participants
n=14
Number (%)

Withdrew consent after randomization to the CBT pro- 6 (43%)

gram and prior to initiation of the CBT program

Unable to locate prior to randomization 5 (36%)

Unable to locate by the end of the follow-up period 3(21%)

missed) (Table 4). Of the 238 eligible participants, 94
consented to participate (40%), resulting in a “yellow
light” (threshold for the yellow light was 25 to 50% of

eligible participants providing informed consent). The
mean number of participants enrolled per month was
9.4 which yielded a “yellow light” (threshold for the
“yellow light” was 5 to 10 participants per month).

Feasibility category 2: acceptability of online, self-led CBT
intervention to participants

Of the 45 participants randomized to CBT, 27 partici-
pants completed all CBT modules (60%), resulting in
a “yellow light” (Table 4). Eighteen of 45 participants
(40%) withdrew from the CBT program after having
completed anywhere from 0 to 5 modules, resulting in
a “red light”.



Gouveia et al. Pilot and Feasibility Studies

Table 4 Traffic light criteria results

(2025) 11:3

Criteria

Traffic Light Criteria

Green Light

Red Light

1. Participant Enrollment.

a. Proportion of eligible patients
who were missed or unable to be
contacted between 2-12 weeks
(remote enrollment/COVID)

Less than 10%
were missed or
unable to be
contacted

12/238 (5%)

10% to 30% were
missed or unable
to be contacted

Greater than 30%
were missed or
unable to be
contacted

b. Proportion of eligible patients
who provided informed consent

Greater than 50%
provided
informed consent

25% to 50%
provided
informed consent

94/238 (40%)

Less than 25%
provided
informed consent

c. Number of participants enrolled
per month

Greater than 10
participants
enrolled per
month

5-10 participants
enrolled per
month

mean 9.4,
(standard
deviation 4.7)

Less than 5

participants
enrolled per
month

2. Acceptability of online, self-led CBT intervention to patients.

a. Proportion of participants who
were randomized to CBT and
completed the program

Greater than 75%
completed the
program

50% to 75%
completed the
program

27/45 (60%)

b. Proportion of CBT-arm
participants who withdrew from
CBT

Less than 15%
withdrew from
the program

15% to 35%
withdrew from
the program

3. Compliance with the protocol.

Less than 50%
completed the
program

registration and assessment)

activities

83/94 (88%)

a. Proportion of randomization Fewer than 5% 5% to 10% Greater than
errors Errors errors 10% errors

0 (0%)
b. Proportion of participants who | Greater than 90% | 80% to 90% Less than 80%
completed all required baseline completed the completed the completed the
activities (initial surveys, CBT baseline baseline activities | baseline activities

4. Complete Follow-Up

a. Proportion of participants who
completed each follow-up visit
with study staff

Greater than
90% complete
each visit

80% to 90%
complete each
visit

mean 85%
Breakdown
3-month visit:

81/94 (86%)

6-month visit:
78/94 (83%)

12-month visit:
80/94 (85%)

Less than 80%
complete each
visit

b. Proportion of participants who
completed the primary outcome
measure (chronic post surgical
pain [CPSP]) at each follow-up
visit

Greater than 90%
completed the
CPSP

80% to 90%
completed the
CPSP

mean 82%
Breakdown

3-month visit:
80/94 (85%)

6-month visit:
76/94 (81%)

12-month visit:
76/94 (81%)

c. Overall proportion of
participants who withdrew from
the study

Less than 10%
withdrew from
the study

10% to 30%
withdrew from
the study

14/94 (15%)

Less than 80%
completed the
CPSP

Greater than 30%
withdrew from
the study
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Feasibility category 3: compliance with the protocol
Throughout the randomization process, there were 0
(0%) randomization errors, and all active participants
(83/94 (88%)) completed their baseline activities (ini-
tial surveys, CBT registration, and assessment), which
resulted in a “yellow light”.

Feasibility category 4: complete follow-up

When accounting for all 94 enrolled participants, partici-
pant follow-up was 86% (81/94) at 3 months, 83% (78/94)
at 6 months, 86% (81/94) at 9 months, and 85% (80/94) at
12 months (Fig. 1). The mean completion rate across all vis-
its was 85% resulting in a “yellow light” for overall partici-
pant follow-up. Research personnel obtained the primary
outcome for 80 of 94 (85%) of participants at 3 months
and 76 of 94 (81%) at 6 months, 9 months, and 12 months
(mean completion rate across all visits: 82%), resulting in
a “yellow light” Of the 94 patients initially enrolled in the
study, 11 (12%) withdrew early (6 withdrew consent and
5 participants could not be contacted). Three (3) addi-
tional withdrawals occurred during the 12-month follow-
up period because the participants could not be located.
Therefore, a total of 14 of 94 (15%) participants withdrew
from the study, resulting in a “yellow light” (Table 4).

Discussion

This pilot study identified the multiple challenges posed
by conducting a trial evaluating an online CBT program in
fracture patients. Most of the feasibility criteria were met
with a “yellow light” and one feasibility endpoint relating
to the proportion of CBT-arm participants who withdrew
from CBT received a “red light” These results indicate that
changes to procedures, especially related to CBT compli-
ance, are necessary for a successful definitive trial.

Participant enrollment was slower than anticipated (9.4
patients per month), and we did not meet the green light
criteria of enrolling greater than 10 patients per month.
COVID-19 pandemic restrictions required participant
enrollment for this pilot trial to occur remotely via tel-
ephone. While this process worked well, we believe that
in-person visits may personalize the explanation of the
trial, help study coordinators minimize the number of
patients missed for screening, and improve the consent
process. To address this issue, we plan to enroll our 94
pilot participants into our definitive trial and invite at
least 10 additional trauma centres to participate in the
trial. This should allow us to enroll our target of 1000
patients within 18 months, which would require a mini-
mum of 4.6 patients per month per site.

Participant compliance with the CBT program
received a yellow light in the category relating to com-
pletion of the CBT program and a red light in the cate-
gory relating to the withdrawal from the CBT program.
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To successfully conduct a definitive trial, it is neces-
sary to optimize the online CBT experience to more
effectively engage participants and ensure completion
of the program modules. Since the study coordinators
at each clinical site have the most contact and rapport
with participants, we will implement several strategies
to support them in their efforts to maximize CBT par-
ticipant engagement. We will provide access to the CBT
platform to study coordinators at each clinical site so
that they can view the program for themselves, accu-
rately describe it to participants, and assist them while
they complete their modules. In addition, the study
coordinators from the pilot clinical site will attend site
initiation visits to give practical advice to new centres
on how to effectively engage participants and help them
navigate the online CBT platform. Finally, we will pro-
vide reimbursement to participants to offset their time
and effort for completing the CBT program.

The criteria relating to compliance with the protocol
were met with a “green light” for randomization errors
and a “yellow light” for completion of all required base-
line activities. There were no randomization errors, and
although all 83 active participants completed the baseline
activities, the 11 participants who withdrew prior to or at
the baseline visit did not complete their baseline activi-
ties. Of these 11 participants, five participants withdrew
prior to randomization and another six participants with-
drew immediately after being randomized to the CBT
program. To address this issue, study coordinators will
prioritize anticipated compliance with CBT over rapid
enrollment when screening potentially eligible patients.

The follow-up rates were met with a “yellow light”
Study coordinators will revise their enrollment proce-
dures to better explain the trial to potential participants
with the goal of reducing the rate of early withdraw-
als from the trial. They will emphasize the importance
of completing follow-up and advise that uncertainty
in meeting this requirement is an acceptable reason to
decline participation in the study. To maximize comple-
tion of all required baseline activities, we will request
for participants to complete these activities at the time
of enrollment, but prior to randomization. We will also
continue to provide funding to participants to offset their
time for study participation after completion of each of
the baseline, 6-month, and 12-month follow-up visits.

There were small differences in the completion of the
follow-up visits and the collection of the primary end-
point (persistent post-surgical pain). This was a result
of how links to the follow-up data collection forms were
sent to participants. Since some participants struggled
to find all the individual email links to the study ques-
tionnaires, we will combine them into one email for
each study visit. We also anticipate that the removal of
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restrictions on in-person research at participating frac-
ture clinics will provide study coordinators with the
opportunity to complete study visits while participants
are attending their scheduled clinic follow-up visits.

This pilot study is strengthened by using a Traffic Light
approach with clear thresholds for achieving feasibil-
ity outcomes that facilitated modification of the proto-
col based on findings of the pilot phase. This pilot study
is limited by being a single-centre initiative that was
conducted at the principal investigator’s clinical site.
The pilot phase was active while COVID-19 pandemic
restrictions were in place, necessitating telephone con-
sent and follow-up, as opposed to in-person consent and
follow-up.

The results of our pilot study suggest that a defini-
tive, multi-centre trial to compare CBT versus usual
care to reduce chronic post-surgical pain among frac-
ture patients may be feasible if we modify our protocol.
Specifically, we will enlist a sufficient number of trauma
centres to complete enrollment of 1000 patients over 18
months, focus on enrollment of patients who are more
likely to complete the intervention modules and all fol-
low-up visits, provide research coordinators with tools
to better engage CBT participants, and continue to work
closely with the CBT provider to ensure a patient-friendly
experience. Our results illustrate the value of pilot studies
before embarking on definitive orthopedic trials.

Abbreviations

CBT Cognitive behavioural therapy

EDC Electronic data capture

SPOC  Somatic Pre-Occupation and Coping
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