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ABSTRACT
Introduction  Standard care for anterior cruciate ligament 
(ACL) injuries includes surgical reconstruction of the 
ACL. However, two randomised controlled trials (RCTs) 
concluded that conservative treatment does not result 
in inferior clinical outcomes compared with immediate 
ACL reconstruction. More research is needed to in the 
first place verify these results, and second to assess 
whether patient-specific parameters determine whether 
a patient would benefit from one treatment option over 
the other. However, before running a full RCT, it seems 
necessary to perform a pilot study that assesses the 
feasibility of recruiting patients with ACL for such a RCT. 
This is because recruitment may be challenging as many 
patients have strong treatment beliefs. Therefore, this 
pilot study will assess whether a large RCT is feasible 
with regard to participant recruitment, adherence to the 
allocated treatment arm and protocol feasibility. These 
pilot findings will help deciding about progressing to a 
future full RCT.
Methods and analysis  This is a pragmatic, multicentre, 
randomised controlled pilot trial with two parallel groups. 
Patients with an acute ACL injury will be recruited from 
two Belgian hospitals. Patients will be randomised to either 
conservative treatment or surgical treatment. Patients will 
be followed-up at 3, 6 and 12 months postrandomisation. 
Recruitment feasibility will be evaluated by calculating the 
recruitment rate 4 months after the two sites have been 
initiated. Clear criteria for progression to a full trial are 
defined. Adherence to the protocol will be assessed by 
calculating the proportion of patients who complete the 
assessments. Furthermore the proportion of patients who 
cross-over between treatment arms during the follow-up 
period will be assessed.
Ethics and dissemination  The study was approved by 
the ethical committees: Ethische Commissie Onderzoek 
UZ/KU Leuven (S62004) and Comité d’Ethique Hospitalo-
Facultaire Universitaire de Liège (2020212). Results will be 
made available to caregivers, researchers and funder.

Trial registration number  This trial is registered on ​
ClinicalTrials.​gov (NCT04408690) on 29 May 2020.

INTRODUCTION
An anterior cruciate ligament (ACL) rupture 
is a common injury, especially in young, phys-
ically active individuals, with an annual inci-
dence of approximately 7/10 000 persons 
in the general population.1.2 Frequently, 
additional injuries to the menisci, cartilage, 
collateral ligaments or subchondral bone 
are present.3 The rupture of the ACL and 
damage to other knee stabilising structures 
often results in knee joint instability affecting 
daily activities and sports, leading to poor 
knee-related quality of life.4

Strengths and limitations of this study

	► This pilot study assesses the feasibility of recruiting 
patients with an acute anterior cruciate ligament 
injury for a randomised controlled trial comparing 
immediate surgery with conservative treatment.

	► This feasibility study is necessary because recruit-
ment might be challenging because of patients’ 
treatment preferences.

	► Strict progression criteria were imposed which will 
allow us to make an objective decision on progres-
sion to a full adequately powered trial.

	► With the insides of this pilot study we can optimise 
recruitment and protocol adherence.

	► This study is only a pilot study, so no conclusions 
can be made regarding clinical effectiveness of both 
treatment options or patient-specific factors that 
predict treatment success.
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The standard care for ACL injuries includes reconstruc-
tive surgery.1 For years, it was believed that surgical repair 
of the ACL is necessary to restore mechanical knee stability 
in order to safely return to sport5 and to avoid long-term 
disadvantages such as persistent knee instability, rein-
jury6 and post-traumatic knee osteoarthritis.7 8 However, 
evidence assessing treatment outcomes after ACL recon-
struction does not support these beliefs. A recent meta-
analysis showed that about 50% of the patients who 
underwent surgical repair of their ACL have cartilage 
degeneration 20 years after surgery9 and up to 23% suffer 
a new ACL injury (ipsilateral or contralateral) within 
2 years after return to sport.10 Furthermore, Ardern et al11 
found that only 55% of athletes who underwent an ACL 
reconstruction return to their preinjury sport level. Based 
on these findings, one can conclude that ACL reconstruc-
tion does not guarantee restoration of normal knee func-
tion and protection to long-term disadvantages.

In 2016, Monk et al12 performed a Cochrane systematic 
review to assess whether ACL surgery or conservative treat-
ment (consisting of rehabilitation and optional delayed 
surgery) was superior for treating ACL injuries. They 
concluded that no high-quality evidence exists as there 
was only one randomised controlled trial (RCT) (KANON 
trial) available at that time.13 The KANON trial found no 
differences in patient-reported, structural or functional 
outcomes at 2 and 5 years follow-up.13 14 Since the publi-
cation of the systematic review of Monk et al in 2016,12 two 
more RCTs have been initiated (a Dutch trial: COMPARE 
trial, NTR2746 and an English trial: ACL SNNAP study, 
NCT02980367).15 The COMPARE trial16 found, at 2-year 
follow-up, slightly better self-reported outcomes (knee 
symptoms, self-reported knee function and perception 
of the ability to participate in sports) in the immediate 
surgery group compared with the conservative group, 
but none of these findings were large enough to be clini-
cally important. Data collection of the second RCT (ACL 
SNNAP trial) has not yet been finished.15

Based on the results of the KANON trial13 and the 
COMPARE trial,17 one can conclude that conserva-
tive management with optional delayed surgery does 
not result in inferior clinical outcomes compared with 
immediate ACL reconstruction, on population level. 
However, on patient-level, large between-subject differ-
ences were found. Both trials reported that about 50% of 
the patients with ACL in the conservative group showed 
persistent knee instability requiring a delayed surgery.13 16 
Because surgery is delayed in this group of patients, time 
to return-to-sport is prolonged and longer sick leave 
times are observed compared with patients with imme-
diate surgery.18 Therefore, early identification of patients 
who would benefit from early ACL reconstruction, or 
in contrast from rehabilitation alone, is necessary to 
reduce resource consumption and decrease unnecessary 
overtreatment. It is hypothesised that treatment success 
depends on clinical factors (such as MRI findings) but 
also on quality of rehabilitation19 and psychological 
factors such as expectations,20 fear for reinjury21 22 and 

locus of control.23 To assess this, a large RCT should be 
performed that (1) compares clinical effectiveness of 
both treatment options and (2) assesses which patient-
specific factors predict successful outcomes after conser-
vative treatment of ACL injuries.

Before running a large, adequately powered RCT, that 
answers these research questions, it seems necessary to 
perform a pilot study that assesses the feasibility to recruit 
patients with ACL for such RCT. This is necessary, as many 
patients have a preference for a particular treatment.5 
For example, Thorstensson et al reported that a subset of 
patients still believe that timely surgery is a prerequisite 
for restoring knee function, for returning to sports and for 
preventing cartilage degeneration.5 On the other hand, 
other patients are not willing to undergo surgery because 
of poor experience or the belief that their recovery 
period would be longer.5 These individual preferences 
might affect recruitment (which involves randomisation) 
and adherence to the protocol. Therefore, a pilot study 
will be performed to demonstrate whether a large RCT 
is feasible with regard to (1) participant recruitment, 
(2) adherence to the treatment arm they were allocated 
to and (3) protocol feasibility. The findings of this pilot 
study will help deciding about progressing to a future 
definitive RCT.

OBJECTIVES
The main objective of this pilot trial is to demonstrate 
feasibility with regard to recruitment, protocol adherence 
and protocol feasibility. The results of this pilot trial will 
determine the progression towards a future full RCT that 
compares the effectiveness of immediate surgical repair 
vers conservative treatment with optional delayed surgical 
repair in acute ACL injuries.

Primary objective
The primary objective of this pilot trial is to demonstrate 
the feasibility of recruiting patients for an RCT that 
compares the effectiveness of immediate surgical repair 
vers conservative treatment with optional delayed surgical 
reconstruction of acute ACL injuries. More specifically, 
the primary aims are:

	► To assess the proportion of patients with ACL that are 
eligible to participate.

	► To assess the proportion of eligible patients who 
accept to participate.

	► To explore why eligible patients are not willing to 
participate.

	► To determine whether certain inclusion or exclusion 
criteria were too open or too restrictive.

Secondary objective
The secondary objective of this pilot trial is (1) to explore 
the adherence of patients to the treatment-arm that they 
were allocated to and 2) to assess protocol feasibility. This 
will be addressed by the following aims:
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	► To investigate the proportion of patients who received 
the allocated treatment.

	► To investigate the number of patients who cross-over 
between groups (eg, number of patients who received 
the other treatment then allocated).

	► To explore why patients cross over between groups.
	► To determine the number of drop-outs during 

follow-up
	► To explore why patients drop out after randomization.
	► To assess for each questionnaire and functional 

test, the number of patients who completed these 
assessments.

METHODS/DESIGN
Study design
This is a pragmatic, multicentre, randomised controlled 
pilot trial with two parallel groups1: conservative treat-
ment (consisting of rehabilitation + optional delayed 
surgery) and2 surgical treatment (immediate reconstruc-
tion) in patients with an acute ACL injury.

The protocol conforms the Standard Protocol Items: 
Recommendations for Interventional Trials (SPIRIT) 
guidelines24 (the SPIRIT checklist is provided as online 
additional file 1) and the Consolidated Standards of 
Reporting Trials (CONSORT) extension to pilot and 
feasibility trials (the CONSORT checklist for pilot studies 
is provided as online additional file 2).

Patient involvement
Six patients were involved in the design of this research. 
These patients completed two patient surveys on the rele-
vance of the proposed project, the design of the research 
and on motivational and practical issues concerning 
undertaking the research. This information was used 
in designing the protocol (eg, length of study protocol, 
selection of questionnaires, design of the brochure and 
frequency of study visits). Once the trial is finished, 
participants will be informed of the results through a 
study newsletter suitable for a non-specialist audience.

Participants
Patients with an acute ACL injury can be included if they 
meet all of the following inclusion criteria:
1.	 The patient sustained a rotational trauma to a previ-

ously uninjured knee for which medical advice was 
sought within 4 weeks after the injury

2.	 The medical diagnosis of ACL injury is confirmed on 
MRI (both partial and complete ruptures)

3.	 The patient is 16 years or older.
Patients cannot be included if they meet any of the 

following exclusion criteria:
1.	 The patient had a previous ACL injury or knee surgery 

to the index knee (contralateral injury is allowed).
2.	 There is a medical indication for acute surgery because 

of serious concomitant knee lesions (such as multilig-
ament injuries, additional fractures, meniscal lesions 
that need repair)

3.	 The patient suffers from any disorder, which in the in-
vestigator’s opinion might jeopardise the participant’s 
safety or compliance with the protocol.

4.	 The patient is pregnant or plans to become pregnant 
in the first 3 months of the study. Since MRI assessment 
at the 3-month follow-up visit cannot be performed.

All reasons for non-eligibility or reason(s) why patients 
refuse to participate will be logged (eg, beliefs that 
surgery is necessary, time-issues, fear of surgery, etc.) in 
the pre-screening log (anonymously).

Study setting
This pilot study will be performed in two Belgian hospitals: 
University Hospital of Leuven and University Hospital of 
Liège. Participants will be recruited at the department of 
Orthopaedics and department of Physical and Rehabilita-
tion Medicine of the participating sites.

Patient identification and screening
Patients referred to any of the participating sites with an 
acute ACL injury will be asked for potential interest in 
participating in the study and screened for eligibility by 
the principal investigator or a delegated member of the 
research team.

In current practice, patients who have had a knee 
injury that might be an ACL injury are referred to either 
(1) the Department of Orthopaedics or (2) the Depart-
ment of Physical and Rehabilitation Medicine. In both 
cases, the identification and screening procedure will be 
performed in the same way. As per routine practice, in 
the first consultation, the medical doctor takes a patient 
history and performs a physical examination of the knee, 
including clinical tests to diagnose ACL injuries. If history 
and clinical tests raise suspicion for an ACL injury, an MRI 
is scheduled to confirm the ACL tear. If the patient meets 
the eligibility criteria, the medical doctor will already give 
some information about the possibility of participating in 
the study. The patient receives a brochure with detailed 
practical information and background information about 
the limited existing knowledge and clinical equipoise.

During the second medical consultation, the results of 
the MRI are discussed. If the MRI confirms the ACL tear, 
the medical doctor inquires about the potential interest 
in participating in the study. If the patient is interested, 
the informed consent can be signed immediately. If the 
patient wants more time to think about his/her participa-
tion, a member of the research team will call the patient 
1 week later to ask whether the patient wants to partici-
pate. In case the patient is less than 18 years old, we will 
obtain informed consent of one of his/her parents.

Prescreening logs will be implemented at each 
participating centre to document the reasons for non-
participation (eg, reasons for ineligibility, reasons for 
declining to participate).

Interventions
The study compares two routine treatment options for 
patients with an acute ACL injury1: conservative treatment 
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consisting of rehabilitation and optional delayed ACL 
reconstruction and2 surgical treatment consisting of 
immediate ACL reconstruction and rehabilitation. To 
keep the trial pragmatic, we will infer as little as possible 
with current practice. Therefore, patients will complete 
rehabilitation with a physiotherapist of their own choice 
and the study does not predetermine the type of ACL 
surgery. However, to ensure a minimal level of quality of 
the rehabilitation, which is necessary for the integrity of 
the comparison, evidence-based guidelines and progres-
sion criteria for ACL rehabilitation are provided to the 
physiotherapists (table 1).

Conservative treatment consisting of rehabilitation and optional 
delayed ACL reconstruction
Rehabilitation
Patients allocated to this treatment arm will complete 
rehabilitation with their own physiotherapist. As 
mentioned above, the physiotherapist will receive 
evidence-based guidelines and criteria for ACL rehabil-
itation leaving sufficient flexibility how to implement 
those guidelines in clinical practice. The guidelines are 
based on the consensus in the literature.25–27 The rehabil-
itation protocol consists of three phases (see below) and 
progression is based on goal-based criteria, not on strict 
time criteria. Patients can progress to the next phase if 
the specific goals of the previous phase are achieved.

To estimate the quality of the rehabilitation, the 
participant will complete a modified version of the Exer-
cise Adherence Rating Scale (EARS)28 (see Outcomes 

section) at every follow-up visit (visit 3–7, see table  2). 
This questionnaire contains questions about the type of 
exercises performed, the frequency and intensity of the 
rehabilitation programme and barriers and facilitators 
for adherence to the prescribed exercises.

Indications for delayed surgery
If a patient complains about persistent symptomatic knee 
instability or other symptoms that result in the inability to 
progress in rehabilitation, delayed surgery can be consid-
ered. ACL insufficiency induced instability in combina-
tion with a positive pivot shift and an additional MRI are 
needed to confirm the cause of instability (Criteria based 
on the KANON trial13). The delayed surgery will not be 
performed within the first 12 weeks postinjury, according 
to current practice.

Immediate ACL reconstruction and rehabilitation
ACL reconstructive surgery
Patients allocated to this treatment arm will undergo an 
ACL reconstruction within 12 weeks after the ACL injury. 
This strict time criterion is imposed to avoid that patients 
of the immediate ACL reconstruction already had a 
considerable amount of preoperative physiotherapy 
sessions, keeping a clear distinction between both treat-
ment arms.

No guidelines on surgical technique or graft type will 
be imposed to keep the trial pragmatic. The orthopaedic 
surgeons of the participating sites make this clinical 

Table 1  Overview of the rehabilitation guidelines per treatment arm.

Rehabilitation
+ optional delayed surgery

Immediate reconstruction
+ rehabilitation Criteria for progression

Phase 0:
Preoperative phase

Not applicable 	► Restore full knee extension
	► Activation hamstrings and 
quadriceps to avoid atrophy

	► Patient education
	► Instruction of postoperative 
exercises

Phase 1:
Acute phase

	► Restore full knee extension, patella 
mobility, full flexion ROM

	► Eliminate effusion
	► Restore gait pattern
	► Improve muscle control and activation
	► Restore proprioception

	► Restore full knee extension, patella 
mobility, start flexion ROM

	► Eliminate effusion
	► Restore gait pattern
	► Improve muscle control and 
activation

	► Restore proprioception

	► Full passive knee extension, 
flexion: active flexion ROM 
≥115°

	► Minimal/ no joint effusion
	► Independent walking
	► Quadriceps strength 60% of 
contralateral side

Phase 2: Progressive 
strengthening + 
neuromuscular control

	► Restore full knee ROM
	► Improve lower extremity muscular 
strength + endurance

	► Improve proprioception, balance and 
neuromuscular control

	► Restore full knee ROM
	► Improve lower extremity muscular 
strength + endurance

	► Improve proprioception, balance and 
neuromuscular control

	► Full ROM
	► Quadriceps strength 80% of 
contralateral side

	► Single leg hop test: 80% of 
contralateral side

	► No pain or effusion

Phase 3:
Return to activity/
sports

	► Normalise lower extremity strength
	► Improve muscle power + endurance
	► Perform sport-specific drills
	► Gradually return to full sport

	► Normalise lower extremity strength
	► Improve muscle power + endurance
	► Perform sport-specific drills
	► Gradually return to full sport

	► Strength quadriceps 
+ hamstrings > 90% 
contralateral side

	► Single leg hop test: >90% 
contralateral side

The rehabilitation protocol consists of three phases. Each phase focus on specific aims and progression criteria are provided to decide on 
progression to the next phase.
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decision. The surgery technique, graft type and repair of 
concomitant lesions will be recorded.

Rehabilitation
All patients will complete a rehabilitation programme 
with their own physiotherapist, similar to the patients in 
the conservative treatment arm (see table 1). Rehabilita-
tion starts the first days after surgery. Furthermore, also 
pre-operative rehabilitation sessions will be prescribed by 
the surgeon.

Outcomes
Primary feasibility outcomes
The primary objective is to determine the recruitment 
rate 4 months after both study sites are initiated. More 
specifically we will count the number of eligible patients 
who agree to participate in the trial and compare this to:
1.	 The expected recruitment rate:

Based on the KANON trial, we expect that 50% of the 
patients with an acute ACL injury will agree to partic-
ipate in the trial. Thus the expected recruitment rate 
is calculated by taking 50% of the average number of 
patients with ACL who visited one of both participating 
centres in the respective month during the last 3 years.

2.	 The total number of patients with an acute ACL injury 
who visits one of both participating centres during the 
recruitment phase of this pilot trial.

Furthermore, the main reasons (1) for being not 
eligible and (2) for refusing to participate will be listed 
(see figure 1).

Progression criteria
The results of the primary analyses will be used to decide 
on progression to a future definitive RCT:

	► Green: indicates that the recruitment rate is >75% of 
what we expected. In this case, the future definitive 
RCT will be performed without any changes from 
the pilot trial (except changes in the primary and 
secondary endpoints, additional follow-up sessions at 
24 and 36 months, that include the same question-
naires and functional tests as the follow-up session at 
6 and 12 months of the pilot trial).

	► Amber: indicates that the recruitment rate is 
50%–75% of what we expected. In this case, changes 
to the protocol will be made to improve recruitment 
(eg, optimise screening, broaden inclusion criteria, 
optimise information for the patient). These 
changes will be based on the qualitative data (eg, 
reasons why patients refused to participate, were not 
eligible).

	► Red: indicates that the recruitment is lower than 50% 
of what we expected. In this case, the future full RCT 
will not be performed.

Table 2  Overview trial procedures

Procedures/assessment Screening
Randomisation
+ baseline assessment Intervention Follow-up visits

Visits V1 V2 V3 V4 V5

Timing (months)
<12 weeks 
after injury <12 weeks after injury

3 months after 
baseline ± 14 
days

6 months after 
baseline ± 14 
days

12 months 
after 
baseline ± 14 
days

Enrolment  �   �

 � Eligibility screen X  �

 � Informed consent X  �

 � Randomisation  �  X

Intervention  �   �

 � 1. Rehabilitation + optional 
delayed surgery

 �   �  (X)* (X)* (X)* (X)*

 � 2. Immediate surgery  �   �  X†

Assessments‡  �   �

 � MRI (retrieved from 
patient record)

 �  X

 � PROMs§  �  X X X X

 � Adverse events  �   �  X X X

 � Isokinetic strength  �   �  X X X

 � Single leg hop for distance  �   �  X X

*Optional delayed surgery can occur after randomisation.
†Immediate surgery has to be performed within 12 weeks after injury.
‡A detailed description of all assessments can be found in online additional file 3.
§The following PROMs will be assessed at V2–V4: KOOS, return-to-sport, return-to-work, IPQ-R, TSK, EARS and quality of rehabilitation.
EARS, Exercise Adherence Rating Scale; IPQ-R, revised Illness Perceptions Questionnaire; KOOS, Knee injury and Osteoarthritis Outcome Score; 
PROMs, patient- reported outcome measures; TSK, Tampa Scale for Kinesiophobia.
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Secondary feasibility outcomes
The secondary objective of this pilot study is to evaluate1 
adherence to the allocated treatment arm and2 adher-
ence to the protocol. This will be evaluated 8 months after 
both study sites are initiated by calculating:
1.	 The proportion of patients who discontinued the in-

tervention or crossed over to the other treatment. 
Furthermore, the main reasons for cross-over will be 
listed.

2.	 The proportion of patients who did not fulfil an assess-
ment. For every functional test and questionnaire, we 
will calculate the percentage of patients who complet-
ed this assessment. Furthermore, we will explore why 
certain assessments are not fulfilled if necessary.

These findings will be used to explore whether addi-
tional strategies need to be taken to optimise adherence.

Outcomes for the full RCT
If recruitment turns out to be feasible, the patients partic-
ipating in this pilot trial will be asked to continue with 
the full trial that will have a longer follow-up period (up 
to 36 months after baseline). To allow for use of the data, 
the variables that are considered necessary to evaluate the 
research questions of a future full RCT will be collected 
during this pilot study. However, as these variables are 

outside the scope of the pilot study, these variables are 
only described in brief below. A detailed explanation of 
all assessments and questionnaires is provided in addi-
tional file 3.

Additionally, table  2 gives an overview of which vari-
ables are assessed at the different study visits.

Variables collected for the full RCT:
	► Patients’ reported symptoms and knee function: assessed 

with the Knee injury and Osteoarthritis Outcome 
Score.

	► Return-to-work and return-to-sport: administered with 
customised questionnaires.

	► Adverse events (AEs): registration of surgical complica-
tions, arthrofibrosis, infection any additional acute 
injury to the ipsilateral or contralateral knee (such 
as reinjury, graft rupture or contralateral ACL injury, 
lesions of menisci, cartilage or other ligament).

	► Strength of the thigh muscles: isokinetic strength of the 
quadriceps and hamstrings muscles will be measured 
bilateral.

	► Functional knee performance: measured with the Single 
Leg Hop for Distance task.29

	► Structural knee joint damage on MRI: assessed with the 
Anterior Cruciate Ligament OsteoArthritis Score30 at 
baseline and 3 months postrandomisation.

	► Psychological factors: patients’ expectations and percep-
tions will be administered with the revised Illness 
Perceptions Questionnaire31–33 and fear of reinjury21 22 
will be assessed with Tampa Scale for Kinesiophobia 
(TSK-11).34

	► Quality and adherence of rehabilitation: evaluated with the 
EARS and a customised questionnaire that contains 
questions about the exercises that the participants 
performed, the intensity, duration and frequency of 
their rehabilitation.

Timeline
An overview of all assessments that will be performed at 
the different study visits can be found in table 2. Three 
follow-up visits are planned at 3, 6 and 12 months after 
randomization (see figure 1).

Sample size
As this is a pilot study to assess the feasibility to recruit 
patients, no formal power calculation is needed.

Randomization
Once a patient signed the informed consent, he/she 
will be randomised into one of both treatment arms by 
one of the investigators. For this, the investigator will 
use the randomisation tool of REDCap (data manage-
ment software package). On beforehand, a randomisa-
tion list will be prepared and incorporated in REDCap 
by the Sponsor’s designated staff, not involved in the 
trial. This ensures that the randomisation sequence is 
concealed for all investigators, once the patient is entered 
in REDCap. Random sequence generation (computer-
generated, using variable block randomisation) will be 

Figure 1  Trial flow chart. ACL, anterior cruciate ligament; 
eCRF, electronic case report form; FU, follow-up; V1, visit 1.
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used. Stratification by centre will be applied. When all 
the patients have finished the trial and the database is 
locked, the randomisation code will be broken to analyse 
response data. At each participating site, the responsible 
study member will have access to the randomization tool 
in REDCap.

A 1:1 allocation ratio will be used: 50% of the patients 
will be allocated to the immediate surgery treatment arm 
and 50% to the conservative treatment arm.

The maximum time period between injury and imme-
diate surgery is 12 weeks. Therefore, screening and 
randomisation have to be performed within the first 12 
weeks post-injury.

Blinding
Given the nature of interventions, blinding of participants 
and care providers is not feasible. However, measures will 
be taken to ensure that the same uniform information 
(eg, the existence of clinical equipoise) is given in all 
centres.

Data collectors and data analysts will be blinded to the 
extent possible. Outcomes will be collected in the same 
way in both groups, for example, by electronic question-
naires for which assessors and collectors can be blinded. 
However, because of the subjective and self-reported 
nature of the assessed outcomes, detection bias may be a 
potential risk of bias.

Statistical analyses
The feasibility and adherence outcomes will be reported 
descriptively and narratively.

All other outcomes (such as the patient-reported 
outcome measures, functional tests and MRI) will not 
yet be analysed in this pilot trial as it is underpowered 
to perform analyses on these outcomes. However, as we 
progress to the full study (that will have enough power), 
the data of the participants of the pilot trial will be trans-
ferred if the participant agrees.

Data monitoring
The trial will be monitored by trial monitors (independent 
from trial staff) to ensure that the trial is being conducted 
in compliance with Good Clinical Practice and current 
legislation, verify that written informed consent has been 
obtained correctly, verify that the trial procedures have 
been followed as shown in this protocol and that the data 
have been recorded for which the source data will be 
compared with the data recorded in the electronic case 
report form. More details about the monitoring strategy 
for this trial are described in the trial-specific monitoring 
plan.

Access to data
The investigator will permit trial-related monitoring, 
audits, ethics committee review and regulatory inspec-
tion, providing direct access to all related source data/
documents.

At the end of the trial, the funder (KCE) will have 
access to the study data. This will only be the pseudony-
mised study data.

Safety recording and reporting
The risk of AEs occurring as a consequence of the 
intervention in this trial is unlikely. Therefore, safety 
reporting will be limited to the safety reporting necessary 
for routine care. The participant will be asked to report 
any AE related to the study-specific intervention to the 
study team. The following AEs will be registered at every 
follow-up visit: surgical complications, arthrofibrosis, 
infection, any additional acute injury to the ipsilateral 
or contralateral knee (such as reinjury, graft-rupture or 
contralateral ACL injury, lesions of menisci, cartilage or 
ligament and so on).

These reported events will be documented by the inves-
tigator in the source documents. The following minimum 
information should be recorded for each adverse reac-
tion by the reporting investigator (AE description, start 
and stop date of the AE, severity, seriousness, causality 
assessment to the study interventions, outcome). The 
sponsor will keep detailed records of all AEs reported to 
him by the investigators and will perform an evaluation 
with respect to seriousness, causality and expectedness.

Protocol amendments
Any modifications to the protocol which may impact on 
the conduct of the study, potential benefit of the patient 
or may affect patient safety, including changes of study 
objectives, study design, patient population, sample sizes, 
study procedures or significant administrative aspects 
will require a formal amendment to the protocol. Such 
amendment will be agreed upon by the trial steering 
committee, added to the trial registration on clinical ​
trials.​gov and approved by the Ethics Committees prior 
to implementation.

DISCUSSION
More large-scale RCTs are needed to compare the clinical 
effectiveness between immediate ACL reconstruction and 
conservative treatment (consisting of rehabilitation and 
optional delayed surgery) for acute ACL injuries. Addi-
tionally, these RCTs should assess whether patient-specific 
factors could predict which patients benefit from conser-
vative treatment and which patients benefit from imme-
diate ACL reconstruction.

However, conducting an adequately powered RCT is 
expensive and time-invasive. Therefore, substantial work 
should be done prior to the trial to know that it is feasible. 
This is especially important in trials comparing surgical 
and non-surgical interventions as in such trials randomi-
sation can be challenging.5 Treatment preferences and 
the common belief that timely surgery is a prerequisite 
for restoring knee function, for returning to sports and 
for preventing cartilage degeneration5 which might affect 
recruitment and adherence to the protocol. Therefore, 
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we will perform a pilot study to investigate the feasibility 
of recruiting participants and to investigate participants’ 
adherence to the treatment arm they were allocated to. 
Strict criteria were imposed to decide on progression to 
a full adequately powered trial. If the recruitment rate is 
at least 75% of what we expect (eg, half of the patients 
with ACL will agree to participate in this RCT), we will 
proceed to a definitive RCT without any changes. In 
contrast, in case the recruitment rate is lower than 50% 
of what we expected, it seems not appropriate to proceed 
to a definitive RCT. Finally, if the recruitment rate is 
between 50% and 75% of what we expect, changes to the 
protocol will be made to improve the recruitment (eg, 
optimise screening, broaden inclusion criteria, optimise 
information for patient). These changes will be based on 
the qualitative data that will be collected (eg, reasons why 
patients refused to participate, were not eligible).

In conclusion, the results of this pilot study will in the 
first place provide the necessary information to decide 
whether it is feasible to recruit patients for an RCT 
comparing surgical and conservative treatment for acute 
ACL injuries. Furthermore, this pilot study might provide 
insights on how to optimise recruitment and protocol 
adherence for such RCT.

Author affiliations
1Department of Rehabilitation Sciences & Physiotherapy, KU Leuven, Leuven, 
Belgium
2Department of Physical Medicine and Rehabilitation, University Hospitals Leuven, 
Leuven, Belgium
3Department of Development and Regeneration, KU Leuven, Leuven, Belgium
4Department of Orthopedics, University Hospitals Leuven, Leuven, Belgium
5Department of Physical Medicine and Sports Traumatology, Unversity Hospital of 
Liège, Liège, Belgium
6Department of Orthopedic Surgery, University Hospital of Liège, Liège, Belgium
7Department of Sports and Rehabilitation Sciences, University of Liège, Liège, 
Belgium
8Leuven Biostatistics and Statistical Bioinformatics Centre, KU Leuven, Leuven, 
Belgium

Twitter Annemie Smeets @AnnemieSmeets_

Contributors  PK as chief investigator, AS, ADG, SB, PB and FS were coapplicants 
on the grant application to KCE trials. KP, AS, FGA, SB, PB, J-FK, CD, FD, J-LC, AL 
and FS were involved in the design of the study. AS and FGA were responsible for 
writing the manuscript. All authors read and approved the final manuscript.

Funding  Funding for this pilot study was obtained through the Belgian Healthcare 
Knowledge Centre Trials Programme (KCE trials) under research agreement KCE 
18-1158.

Competing interests  None declared.

Patient consent for publication  Not applicable.

Provenance and peer review  Not commissioned; externally peer reviewed.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 

permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Annemie Smeets http://orcid.org/0000-0003-4569-8652

REFERENCES
	 1	 Sanders TL, Maradit Kremers H, Bryan AJ, et al. Incidence of anterior 

cruciate ligament tears and reconstruction: a 21-year population-
based study. Am J Sports Med 2016;44:1502–7.

	 2	 Kobayashi H, Kanamura T, Koshida S, et al. Mechanisms of the 
anterior cruciate ligament injury in sports activities: a twenty-year 
clinical research of 1,700 athletes. J Sports Sci Med 2010;9:669–75.

	 3	 Lee DW, Lee JH, Kim JN, et al. Evaluation of anterolateral ligament 
injuries and concomitant lesions on magnetic resonance imaging 
after acute anterior cruciate ligament rupture. Arthroscopy 
2018;34:2398–406.

	 4	 Filbay SR, Ackerman IN, Dhupelia S, et al. Quality of life 
in symptomatic individuals after anterior cruciate ligament 
reconstruction, with and without radiographic knee osteoarthritis. J 
Orthop Sports Phys Ther 2018;48:398–408.

	 5	 Thorstensson CA, Lohmander LS, Frobell RB, et al. Choosing 
surgery: patients’ preferences within a trial of treatments for anterior 
cruciate ligament injury. A qualitative study. BMC Musculoskelet 
Disord 2009;9:1–9.

	 6	 Paterno MV, Rauh MJ, Schmitt LC, et al. Incidence of second ACL 
injuries 2 years after primary ACL reconstruction and return to sport. 
Am J Sports Med 2014;42:1567–73.

	 7	 Lie MM, Risberg MA, Storheim K, et al. What's the rate of knee 
osteoarthritis 10 years after anterior cruciate ligament injury? An 
updated systematic review. Br J Sports Med 2019;53:1162–7.

	 8	 Poulsen E, Goncalves GH, Bricca A, et al. Knee osteoarthritis risk is 
increased 4-6 fold after knee injury - a systematic review and meta-
analysis. Br J Sports Med 2019;53:1454–63.

	 9	 Cinque ME, Dornan GJ, Chahla J, et al. High rates of osteoarthritis 
develop after anterior cruciate ligament surgery: an analysis of 4108 
patients. Am J Sports Med 2018;46:2011–9.

	10	 Wiggins AJ, Grandhi RK, Schneider DK, et al. Risk of secondary 
injury in younger athletes after anterior cruciate ligament 
reconstruction: a systematic review and meta-analysis. Am J Sports 
Med 2016;44:1861–76.

	11	 Ardern CL, Taylor NF, Feller JA, et al. Fifty-five per cent return to 
competitive sport following anterior cruciate ligament reconstruction 
surgery: an updated systematic review and meta-analysis including 
aspects of physical functioning and contextual factors. Br J Sports 
Med 2014;48:1543–52.

	12	 Monk AP, Davies LJ, Hopewell S, et al. Surgical versus conservative 
interventions for treating anterior cruciate ligament injuries. Cochrane 
Database Syst Rev 2016;2016:1–38.

	13	 Frobell RB, Roos EM, Roos HP, et al. A randomized trial of 
treatment for acute anterior cruciate ligament tears. N Engl J Med 
2010;363:331–42.

	14	 Frobell RB, Roos HP, Roos EM, et al. Treatment for acute anterior 
cruciate ligament tear: five year outcome of randomised trial. BMJ 
2013;346:f232.

	15	 Davies L, Cook J, Leal J, et al. Comparison of the clinical and cost 
effectiveness of two management strategies (rehabilitation versus 
surgical reconstruction) for non-acute anterior cruciate ligament 
(ACL) injury: study protocol for the ACL SNNAP randomised 
controlled trial. Trials 2020;21:1–16.

	16	 Reijman M, Eggerding V, van Es E, et al. Early surgical reconstruction 
versus rehabilitation with elective delayed reconstruction for patients 
with anterior cruciate ligament rupture: COMPARE randomised 
controlled trial. BMJ 2021;372:n375.

	17	 Reijman M. Opereren of even aanzien: goede behandelopties 
bij kruisbandscheur [Internet], 2019. ZonMW. Available: https://​
mediator.zonmw.nl/mediator-37/opereren-of-even-aanzien-goede-​
behandelopties-bij-kruisbandscheur/

	18	 von Essen C, McCallum S, Barenius B, et al. Acute reconstruction 
results in less sick-leave days and as such fewer indirect costs to the 
individual and society compared to delayed reconstruction for ACL 
injuries. Knee Surg Sports Traumatol Arthrosc 2020;28:2044–52.

	19	 Rosso F, Bonasia DE, Cottino U, et al. Factors affecting subjective 
and objective outcomes and return to play in anterior cruciate 
ligament reconstruction: a retrospective cohort study. Joints 
2018;6:23–32.

 on M
arch 11, 2022 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-055349 on 11 M

arch 2022. D
ow

nloaded from
 

https://twitter.com/AnnemieSmeets_
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-4569-8652
http://dx.doi.org/10.1177/0363546516629944
http://www.ncbi.nlm.nih.gov/pubmed/24149795
http://dx.doi.org/10.1016/j.arthro.2018.02.048
http://dx.doi.org/10.2519/jospt.2018.7830
http://dx.doi.org/10.2519/jospt.2018.7830
http://dx.doi.org/10.1177/0363546514530088
http://dx.doi.org/10.1136/bjsports-2018-099751
http://dx.doi.org/10.1136/bjsports-2018-100022
http://dx.doi.org/10.1177/0363546517730072
http://dx.doi.org/10.1177/0363546515621554
http://dx.doi.org/10.1177/0363546515621554
http://dx.doi.org/10.1136/bjsports-2013-093398
http://dx.doi.org/10.1136/bjsports-2013-093398
http://dx.doi.org/10.1002/14651858.CD011166.pub2
http://dx.doi.org/10.1002/14651858.CD011166.pub2
http://dx.doi.org/10.1056/NEJMoa0907797
http://dx.doi.org/10.1136/bmj.f232
http://dx.doi.org/10.1186/s13063-020-04298-y
http://dx.doi.org/10.1136/bmj.n375
https://mediator.zonmw.nl/mediator-37/opereren-of-even-aanzien-goede-behandelopties-bij-kruisbandscheur/
https://mediator.zonmw.nl/mediator-37/opereren-of-even-aanzien-goede-behandelopties-bij-kruisbandscheur/
https://mediator.zonmw.nl/mediator-37/opereren-of-even-aanzien-goede-behandelopties-bij-kruisbandscheur/
http://dx.doi.org/10.1007/s00167-019-05397-3
http://dx.doi.org/10.1055/s-0038-1636931
http://bmjopen.bmj.com/


9Smeets A, et al. BMJ Open 2022;12:e055349. doi:10.1136/bmjopen-2021-055349

Open access

	20	 Everhart JS, Best TM, Flanigan DC. Psychological predictors of 
anterior cruciate ligament reconstruction outcomes: a systematic 
review. Knee Surg Sports Traumatol Arthrosc 2015;23:752–62.

	21	 Paterno MV, Flynn K, Thomas S, et al. Self-reported fear predicts 
functional performance and second ACL injury after ACL 
reconstruction and return to sport: a pilot study. Sports Health 
2018;10:228–33.

	22	 Kvist J, Ek A, Sporrstedt K, et al. Fear of re-injury: a hindrance for 
returning to sports after anterior cruciate ligament reconstruction. 
Knee Surg Sports Traumatol Arthrosc 2005;13:393–7.

	23	 Thomeé P, Währborg P, Börjesson M, et al. Self-efficacy of knee 
function as a pre-operative predictor of outcome 1 year after anterior 
cruciate ligament reconstruction. Knee Surg Sports Traumatol Arthr 
2008;16:118–27.

	24	 Chan A-W, Tetzlaff JM, Altman DG, et al. SPIRIT 2013 statement: 
defining standard protocol items for clinical trials. Ann Intern Med 
2013;158:200–7.

	25	 Wilk KE, Arrigo CA. Rehabilitation principles of the anterior cruciate 
ligament reconstructed knee: twelve steps for successful progression 
and return to play. Clin Sports Med 2017;36:189–232.

	26	 van Melick N, van Cingel REH, Brooijmans F, et al. Evidence-
based clinical practice update: practice guidelines for anterior 
cruciate ligament rehabilitation based on a systematic review and 
multidisciplinary consensus. Br J Sports Med 2016;50:1506–15.

	27	 Cavanaugh JT, Powers M. ACL rehabilitation progression: where are 
we now? Curr Rev Musculoskelet Med 2017;10:289–96.

	28	 Newman-Beinart NA, Norton S, Dowling D, et al. The development 
and initial psychometric evaluation of a measure assessing 
adherence to prescribed exercise: the exercise adherence rating 
scale (EARS). Physiotherapy 2017;103:180–5.

	29	 Noyes FR, Barber SD, Mangine RE. Abnormal lower limb symmetry 
determined by function hop tests after anterior cruciate ligament 
rupture. Am J Sports Med 1991;19:513–8.

	30	 Roemer FW, Frobell R, Lohmander LS, et al. Anterior cruciate 
ligament osteoarthritis score (ACLOAS): longitudinal MRI-based 
whole joint assessment of anterior cruciate ligament injury. 
Osteoarthritis Cartilage 2014;22:668–82.

	31	 Moss-Morris R, Weinman J, Petrie K, et al. The revised illness 
perception questionnaire (IPQ-R). Psychol Health 2002;17:1–16.

	32	 de Raaij EJ, Schröder C, Maissan FJ, et al. Cross-cultural 
adaptation and measurement properties of the brief illness 
perception Questionnaire-Dutch language version. Man Ther 
2012;17:330–5.

	33	 Demoulin C, Duvallon L, Roussel N. Traduction en français du « Brief 
illness perceived questionnaire » adapté aux patients lombalgiques 
et étude de ses qualités métrologiques. Revue du Rhumatisme 
2016:A163–304.

	34	 George SZ, Lentz TA, Zeppieri G, et al. Analysis of shortened 
versions of the Tampa scale for kinesiophobia and pain 
catastrophizing scale for patients after anterior cruciate ligament 
reconstruction. Clin J Pain 2012;28:73–80.

 on M
arch 11, 2022 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-055349 on 11 M

arch 2022. D
ow

nloaded from
 

http://dx.doi.org/10.1007/s00167-013-2699-1
http://dx.doi.org/10.1177/1941738117745806
http://dx.doi.org/10.1007/s00167-004-0591-8
http://dx.doi.org/10.1007/s00167-007-0433-6
http://dx.doi.org/10.7326/0003-4819-158-3-201302050-00583
http://dx.doi.org/10.1016/j.csm.2016.08.012
http://dx.doi.org/10.1136/bjsports-2015-095898
http://dx.doi.org/10.1007/s12178-017-9426-3
http://dx.doi.org/10.1016/j.physio.2016.11.001
http://dx.doi.org/10.1177/036354659101900518
http://dx.doi.org/10.1016/j.joca.2014.03.006
http://dx.doi.org/10.1080/08870440290001494
http://dx.doi.org/10.1016/j.math.2012.03.001
http://dx.doi.org/10.1097/AJP.0b013e31822363f4
http://bmjopen.bmj.com/

	Pilot study to investigate the feasibility of conducting a randomised controlled trial that compares Immediate versus Optional Delayed surgical repair for treatment of acute Anterior cruciate ligament injury: IODA pilot trial
	Abstract
	Introduction﻿﻿
	Objectives
	Primary objective
	Secondary objective

	Methods/design
	Study design
	Patient involvement
	Participants
	Study setting
	Patient identification and screening
	Interventions
	Conservative treatment consisting of rehabilitation and optional delayed ACL reconstruction
	Rehabilitation
	Indications for delayed surgery

	Immediate ACL reconstruction and rehabilitation
	ACL reconstructive surgery

	Rehabilitation

	Outcomes
	Primary feasibility outcomes
	Progression criteria

	Secondary feasibility outcomes
	Outcomes for the full RCT

	Timeline
	Sample size
	Randomization
	Blinding
	Statistical analyses
	Data monitoring
	Access to data
	Safety recording and reporting
	Protocol amendments

	Discussion
	References


