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Background: Recent studies show similar outcomes between lysis of adhesions (LOA) and manipulation
under anaesthesia (MUA) in patients with arthrofibrosis within 3 to 6 months after arthroscopic knee
procedures. As MUA offers positive efficacy with less expense and more convenience, the first consideration
in clinical practice shifting to MUA may save much medical cost when MUA is non-inferior to surgery.
There is a lack of evidence comparing the clinical outcomes of these two surgical techniques. The purpose of
our study is to determine whether MUA is non-inferior to LOA for improving clinical outcomes in patients
with loss of flexion within 3 and 6 months after arthroscopic knee surgery.

Methods: This multicentre randomized controlled trial (RCT) will recruit 360 patients within 3 to
6 months after arthroscopic knee surgery with a magnetic resonance imaging (MRI)-confirmed arthrofibrosis
to prove non-inferiority of MUA. Patients are randomly assigned to the LOA group (n=180) or the MUA
group (n=180) in a 1:1 ratio with random sequences using the SPSS Statistics V.22. The standard surgical
procedures will be performed within 2 weeks after randomization, and each patient will receive unified
perioperative physical therapy (PT). The primary outcome measure is the range of knee flexion. Secondary
outcome measures include physical function, activity level, general health, knee pain, and the occurrence
of adverse events. Safety measures include physiological parameters (i.e., blood pressure, pulse, respiratory
rate) and complications (i.e., component damage, patellar tendon tear and fracture during surgical
procedures, neurological or internal medicine conditions, venous thromboembolism, bleeding and infection
postoperatively). The noninferiority margin is defined as a difference of 10 degrees on the range of knee
flexion between groups and was assessed with a one-sided o of .025. To investigate relative effectiveness
between the groups, linear mixed-effects model will be used for continuous data, and generalised estimating
equation for dichotomous data. Analyses will follow the intention-to-treat principle.

Discussion: Findings of our study will help clinicians determine the risk-benefit balance of MUA and
LOA, two frequently used surgical procedures for patients with knee arthrofibrosis.

Trial registration: Chinese Clinical Trial Registry (www.chictr.org.cn); ChiCTR2000033467.
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Introduction

Arthrofibrosis of the knee is a common complication after
arthroscopic knee surgery, with varied incidence according
to the type of initial surgery (1). Recent studies reported a
2-5% incidence of arthrofibrosis in patients who underwent
isolated anterior cruciate ligament (ACL) reconstruction
(2-4). Noyes et al. (5) reported that as many as 23%
of patients who underwent knee multiple ligament
reconstruction developed arthrofibrosis. Traumatic knee
dislocation resulted in the highest incidence of postoperative
arthrofibrosis, as high as 57% (6). The estimated incidence
of arthrofibrosis following arthroscopic knee surgery varied
from 4% to 35% (7). Loss of motion due to arthrofibrosis
decreases the patients’ ability to perform activities of daily
living and contributes to poor knee joint function, which is
a frustrating complication for both the surgeon and patient.
Given the high proportion of patients who do well
with non-surgical options, a trial of at least 1 month of
conservative management has been recommended before
considering manipulation under anaesthesia (MUA) or lysis
of adhesions (LOA) for refractory cases (8-10). LOA has
been a long-standing treatment for knee arthrofibrosis (11).
Arthroscopy is minimally invasive and allows the visualization
of intraarticular structures, thereby providing good results
with low incision-related complication rates (1,12). Despite
these positive effects, LOA is notorious for the various
complications, including hemarthrosis, infection, pulmonary
embolism, and heterotopic bone formation. The LOA
procedure is difficult to perform due to joint space narrowing
and has high requirements for surgical techniques and
equipment (9,13). Recent studies of the success following
LOA for knee arthrofibrosis have demonstrated acceptable
results across objective and subjective outcomes (9,12).
Besides LOA, a variety of other less invasive alternatives
have been suggested in an attempt to treat refractory
knee arthrofibrosis (14). Similar to LOA, MUA has been
widely reported to achieve improvement in knee flexion
and patient-reported outcomes in patients with knee
arthrofibrosis resistant to conservative treatment (15).
Nevertheless, there is wide inconsistency among authors
regarding the timing of MUA. The most common time
point was approximately 90 days after the prior knee surgery
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(14,16-18), and recent studies recommended MUA within
3 months of arthroscopic knee procedures (18). However,
several studies that assessed the efficacy of MUA performed
between 3 and 6 months after knee surgery indicated that
the efficacy of MUA was not affected by such a delay (16,17).
A systematic review indicated that MUA is more
effective during the first six months because there is less
adhesive tissue in the knee and less mature tissue is easier
to overcome with manipulation (19,20). Clinical practice
guidelines vary regarding the effectiveness and time of
MUA for the arthrofibrotic knee (19,21), with a recent
clinical practice guideline providing that MUA is the first-
line operative treatment of choice for patients that fail
physiotherapy and continue to experience functionally
limiting knee flexion (22). MUA is frequently used as either
an alternative, or adjunct, to an LOA for patients with
loss of flexion within 6 months after arthroscopic knee
procedures (22). The MUA procedure is easily performed
and costs far less than LOA (23). The economic analysis
showed that the mean cost of LOA was £2,170.46, and the
average duration of LOA was 76.61 minutes, however, the
mean cost of MUA was £424.81, and the average duration
of MUA was 25.11 minutes (24). MUA is suggested to be
the most cost-effective option compared with physiotherapy
and LOA (24). Given that LOA is likely associated with a
higher complication rate, technical-demand, and cost, it
would be necessary to determine if there is any difference
in outcomes between these 2 procedures. Until recently,
few studies have directly compared the clinical outcomes of
these 2 surgical procedures. The main purpose of this study
is to determine whether MUA is non-inferior to LOA for
improving clinical outcomes in patients with loss of flexion
within 3 and 6 months after arthroscopic knee surgery.

Specific aims
Aim 1
To compare the 6-month improvement of knee flexion

between patients that underwent LOA and those that
underwent MUA.

Aim 2
To compare self-reported outcomes of knee pain and
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function between groups during the 6-month follow-up
period.

Aim 3
To evaluate the cost-effectiveness of LOA and MUA for
patients with loss of flexion during the 6-month follow-up
period.

We present the following article in accordance with
the SPIRIT reporting checklist (available at http://dx.doi.
org/10.21037/apm-21-48).

Methods
Study design

This study is a multicentre, noninferiority randomized
controlled trial performed in China. The trial protocol
was designed using the Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT)
Statement (25). The results will be reported according
to the Consolidated Standards of Reporting Trials
(CONSORT) Statement (26). This RCT will be carried out
according to the Declaration of Helsinki (as revised in 2013)
and has been approved by the Medical Research Ethics
Committee (SH9H-2020-T218-1). Informed consent will
be obtained from each patient before taking part. This study
has been registered at chictr.org.cn (ChiCTR2000033467)
before the start of inclusion.

Trial procedures

The first patient was included on 30 August 2020. Patients
are being recruited from the orthopaedic clinic of three
hospitals in China (Shanghai Ninth People’s Hospital,
Huashan Hospital, Changhai Hospital). According to
specific requirements and qualifications, these hospitals
are selected, and the study protocol has been provided
before including first patient. Eligible patients are
randomly assigned to receive either LOA or MUA at
these hospitals. To be included in the study, the surgeon
has to understand the study design, review patient
inclusion criteria, and complete two training sessions that
introduce standardized surgical procedures that have been
reported previously (9,27). Postoperative physical therapy
(PT) is performed at the PT clinic of three participating
hospitals. These PT clinics will be contacted by the
researcher to provide them the PT program before the
start of the trial.
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Participants

Patients between 18 and 50 years with knee arthrofibrosis
within 12 to 24 weeks following unilateral arthroscopic
knee surgery are being recruited from the orthopaedic clinic
of these hospitals. Eligible patients meet an international
consensus on the definition of fibrosis of the knee joint (28)
and have an magnetic resonance imaging (MRI)-confirmed
knee arthrofibrosis, with the range of active knee flexion
<100°. Exclusion criteria are as following:
«»  Knee extension deficit >5°;
% DPostoperative infection (septic arthritis) or
heterotopic ossification;
% Loss of motion caused by ligament reconstruction,
or metal hardware;
% Previous knee arthroplasty on the index knee;
% Other causes affecting the function of lower limbs;
% Unable to complete the questionnaires.

Patient recruitment

All patients with knee arthrofibrosis who visit the
orthopaedic clinic will be screened for eligibility. A
potential patient is informed verbally about the study by
the surgeon during the first outpatient visit. Training will
be delivered to directors in orthopaedic outpatient clinics
at the participating sites to inform them of the study and
regarding screening patients for eligibility. Providers in
orthopaedic clinics will have copies of the screening form
to screen potential patients according to the inclusion
and exclusion criteria. Informed consent is signed prior to
randomization.

Randomization and blinding

After signing informed consent, patients are randomly
assigned to the LOA group or MUA group. Random
numbers generated by the SPSS Statistics V.22 are arranged
in ascending order with 1-180 defined as the treatment
(LOA) group and 181-360 as the control (MUA) group.
Stratification occurs using a predetermined cut-off for
the range of flexion; those who present with equal to, or
greater than 90° are defined as “mild”, those with between
70° and 89° as “moderate”, and those with less than 70° as
“severe” (28). Randomization are stratified by participating
sites, the range of flexion, and age (18-40 and 41-50 years
old). An independent research assistant who is not involved
in enrolling and assigning participants, evaluation and
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intervention generates a randomisation schedule for all
participants at participating sites. A separate researcher
will communicate with the study participants, surgeons,
physiotherapists and sites.

Participants and physicians are not blinded. A researcher
will collect all baseline data; the outcome assessor
and physiotherapists will be blind to the participant’s
stratification and study hypothesis. Statisticians will be
blinded to the group of assignments during analysis.
After completing the analysis, data will be unblinded for
the interpretation of the results. When performing the
informed consent process, participants will be informed that
both interventions are evidence-based care, but will be kept
blind to their stratification and study hypothesis. Outcome
expectations of participants for each treatment will be
assessed prior to randomization.

Interventions

LOA procedures

LOA is performed within 2 weeks after randomization by
surgeons good at arthroscopic surgery. The principle of
the LOA is to remove the adhesions in the suprapatellar
pouch, infrapatellar fat pad, the intercondylar notch, and
around the patella to the greatest extent possible so as to
facilitate normal knee motion. The patient with lateral
thigh support is in the supine position. Surgery will be
performed under general anaesthesia. With the patient’s
consent, photographs of knee flexion with the patient under
anaesthesia will be taken to record the preoperative range
of knee flexion. The anterolateral (AL) and anteromedial
(AM) portals are approximately 5-mm incisions that are
established in accordance with standard knee arthroscopy
portal sites. AL and AM portals are used for inspection of
the knee joint and debridement of intraarticular adhesions.
In cases of knee flexion deficits, it is necessary to release the
space between patellar tendon and anterior tibial plateau.
If the knee cannot be flexed past 70°, the arthroscopy starts
with the superolateral (SL) portal and the superomedial
(SM) portal. Anterior adhesions within peripatellar region
and the suprapatellar pouch will be cleared or ablated using
radiofrequency (RF) energy through the SL and SM portals.
The remaining adhesions in the infrapatellar fat pad and the
intercondylar notch will be removed using an arthroscopic
shaver and 90° cautery through the AM portal. This
allows for the improvement of patella infera and patellar
mobilization. All intraarticular adhesions of the medial and
lateral gutters are removed through a motorized shaver.
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Capsular or lateral retinacular release will be performed
if necessary. Taking intraoperative images of knee flexion
will be required to document post-release range of motion
(ROM) (with the patient’s consent). This helps to compare
with preoperative ROM and to make a target-oriented
rehabilitation program after the surgery.

MUA procedures

MUA is performed within 2 weeks after randomization by
the orthopaedic surgeons good at knee surgery. The patient
with lateral thigh support is in the standard supine position.
Surgery will be performed under general anaesthesia. With
the patient’s consent, photographs of knee flexion with
the patient under anaesthesia will be taken to measure
preoperative ROM. The surgeon performs mobilization
of the patella to start the manipulation of the knee, which
aids with mediolateral shift and inferior displacement.
The proximal tibia will be used as a lever in combination
with mobilization of the tibiofemoral joint to break up the
adhesive tissues and achieve maximal flexion progressively
and gradually. Slight pressure will be applied on the tibial
tubercle to avoid disruption of the extensor mechanism.
Gentle manipulations of the knee will be performed to
obtain >110° of knee flexion until resistance is felt by
the surgeon to prevent further complications. Taking
intraoperative pictures will be required to record post-
release knee flexion ROM with the patient’s consent.

Physical rehabilitation procedures

All patients receive an information letter with preoperative
instructions and formal education on the benefits of
perioperative rehabilitation. The flow of participants
through the trial is illustrated in Figure I. Patients are
referred to the PT clinics for postoperative rehabilitation.
The treatment protocol consists of 2 weeks of inpatient
rehabilitation, 6 weeks of outpatient rehabilitation, and
8 weeks of home exercise given by a knee-specialized
physiotherapist. As pain killers or any inflammatory drug
are not given post-operatively which often is prescribed
routinely after surgical procedures, pain management
is essential to allow for maximum participation in the
rehabilitation program, including patient-controlled
analgesia (PCA), continuous cryotherapy and compression
(CCC) and continuous passive motion (CPM) within
48 hours after surgery. The PT programme follows a
standardized rehabilitation protocol and initiates on the
third day after surgical procedures. Despite the abundant
literature on PT for arthrofibrosis of the knee after surgical
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Figure 1 Participants recruitment and flow of the study. MUA, manipulation under anaesthesia; LOA, lysis of adhesions; ROM, range of

motion; IKDC, International Knee Documentation Committee.

release, there is currently no gold standard. Notably,
quadriceps muscle activation and knee ROM exercises
are initiated immediately after surgery and aggressively
advanced within the limits of patient tolerance (27).
Once sufficient muscle activation and knee motion
are obtained, the patient will resume the criterion-
based postoperative rehabilitation protocol (see online
Supplementary appendix 1) at the caution of the treating
physical therapist (27). The protocol includes phased knee
ROM, lower limb strengthening, neuromuscular control,
and an agility program. Participants are assessed before
and after treatment sessions to determine the effects of
treatment modalities. If participants do not respond to
ongoing manual techniques and exercises, we will adjust
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the rehabilitation program. All patients will be monitored
postoperatively until they have completed a 6-month
follow-up.

Stop rule conditions are as following: patients requiring
to withdraw without reasons; intraoperative knee flexion
under general anaesthesia <110° during LOA procedures;
active knee flexion at 3-month follow-up after LOA <110%
patients suffering from other knee injuries or procedures
that affect the results; occurrence of serious adverse events
(SAEs).

Cross-over
Based on physical examination and the range of knee
flexion, the surgeons will decide whether MUA has been
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successful. When MUA has failed (e.g., intraoperative knee
flexion under general anaesthesia <110° or active knee
flexion at 3-month follow-up <110°), a delayed LOA can be
performed. If the worsening of symptoms is demonstrated
or participants request to stop treatment, providers at
these sites will re-evaluate the situation and may adapt
the treatment to meet the patients’ needs. Patients are not
forbidden from using medications; however, the use of these
medications will be documented and reported.

Outcome measures

Primary outcome

The primary outcome is the change in the range of knee
flexion from baseline to 6 months measured by a plastic
goniometer with 25-cm movable arms in 1° increment. It
has been shown to be reliable if the participant remains in
the same position for the measurement (29). With patients
lying supine on an examination table, measurements of
knee flexion will be taken in active and maximum flexion of
the knee with the hip flexed. One arm of the goniometer
will be placed along the greater trochanter and the lateral
epicondyle of the femur and the other arm will be aligned
with the fibular head and the lateral malleolus of the fibula.

Secondary outcomes
The secondary outcomes to evaluate clinical effectiveness
are:

(I) Change in:

(1) Self-reported knee function, measured by
the International Knee Documentation
Committee IKDC) with good validity and
reliability for the evaluation in the Chinese-
speaking population (30-32);

(i) Self-reported instability and function,
measured by Lysholm knee score with good
validity and test-retest reliability for Chinese-
speaking population (33,34);

(iii) Level of activity, measured by Tegner Activity
Scale (TAS) with good validity and reliability
for the Chinese population (35);

(iv) Quality of life, measured by EuroQol 5
Dimensions 5 Level Survey (EQ-5D-5L) with
good validity and reliability for the Chinese
population (36,37);

(v) Pain, measured with the visual analogue scale
(VAS) at rest and during weight- bearing;

(vi) Percentage of cross-over; the number of
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patients receiving delayed LOA.

(II) Patient’s preference on the two treatments;
patient rating of satisfaction of the intervention;
relation between a patient’s expectation and their
satisfaction.

(III) Surgeon’s impression of the location and maturity
of scarring in the arthrofibrotic knee, the physical
examination findings, and the meniscal and
articular cartilage findings during LOA procedures
and their surgical management of these findings.

(IV) The 6-month cost of knee-related health care
utilization.

(V) Adverse events.

Safety measures include physiological parameters (i.e.,
blood pressure, pulse, respiratory rate) and complications
(i.e., component damage, patellar tendon tear and fracture
during surgical procedures, neurological or internal
medicine conditions, venous thromboembolism, bleeding
and infection postoperatively). Follow-up examinations
will be performed at the orthopaedic outpatient clinics of
participating hospitals at 1, 3, and 6 months after surgery.
The influence of possible prognostic factors including age,
sex, body mass index (BMI), using tobacco, type of prior
surgery, immobilization time, preoperative knee ROM, and
time from arthroscopic knee surgery to MUA or LOA on
the clinical outcomes will be analysed during the follow-up
period. These putative factors have been selected based on
current knowledge of prognostic factors of LOA for knee
arthrofibrosis that have been reported in previous studies (1).

Adberence and safety evaluation

At first, each patient will be informed of detailed study
content and benefits; they have the freedom to decide
whether to participate. To promote patient retention, the
study coordinator at these centres will inform patients
that although they have the right to withdraw at any time,
dropping out without reason reduces the ability to answer
the research question and therefore weakens the study.
For those patients who meet inclusion criteria but refuse
to participate in the study, the standard of care treatment
will be given. If patients have trouble complying with the
intervention or completing follow-up testing, they will
be encouraged to discuss these challenges with the study
coordinator. If patients miss measurement appointments, up
to three reminders will be sent and, if necessary, the patient
will be contacted by telephone to reschedule a convenient
time. The received surgical procedures and the number
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of postoperative PT will be recorded and reported, as
well as any problems or adverse events related to the trial,
including time, severity, duration, solutions and outcomes.

Sample size calculation

The sample size was calculated based on a standard
deviation of 19 degrees on knee flexion ROM [retrieved
from the study of Sassoon at al. (17)], a power of 90%
and an a level of 0.05. To determine the noninferiority
margin, we systematically reviewed articles that reported
the outcomes of LOA for patients with arthrofibrosis after
arthroscopic knee surgery. Meta-analysis was performed
to construct confidence intervals. Improvement of knee
flexion ROM was 45.2° for patients with arthrofibrosis
who underwent LOA (95% CI: 42.1-48.3). A non-
inferiority threshold of 10 degrees on knee flexion ROM
was determined by an expert panel corresponding to an
effect size f of 0.2. With an anticipated 10% loss at the
6-month follow-up and 5% delayed LOA, 180 participants
per group, or a total of 360 participants are needed in this
non-inferiority trial. Sample size calculation was performed
using G*Power software, V.3.1. Recruitment did not go
ahead without prior institutional review board approval.

Data analysis

Effectiveness analysis

Shapiro-Wilk and Kolmogorov-Smirnov statistics will
be used to test the normality assumption of distributions
of measured variables, and Levene’s test will be used to
examine the homogeneity of variance assumption. Chi-
square analyses (categorical data) and the independent
Student’s t-test (continuous data) will be used to examine
baseline differences between groups. To investigate relative
effectiveness between the groups, linear mixed-effects
models will be used for continuous data, and generalised
estimating equation for dichotomous data. All analyses will
follow the intention-to-treat principle.

In primary linear mixed model, the model with a four-
level structure (treatment, participant, hospital and time)
will be analysed to investigate the overall between-group
differences. In secondary linear mixed models, the outcome
variables (e.g., physical function, level of activity) will be
analysed in a similar way. The baseline variables are treated
as a covariate in all models.

Additionally, potential confounders will be added as
covariates (e.g., age, sex, BMI, using tobacco, type of prior
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surgery, immobilization time after the initial procedure,
preoperative knee ROM, and the time from arthroscopic
knee surgery to MUA or LOA). Covariates are considered
as contributing to more than 10% change in those estimated
parameters of time-by-treatment interaction, as previously
reported (38).

Analyses will follow the as-treated principle, in which
participants will be analysed according to their adherence
to treatment allocation, including three groups: (I) patients
assigned to receive LOA who receive LOA, (II) patients
assigned to receive MUA who complete MUA without
having LOA at follow-up, and (III) patients assigned to
receive MUA who have delayed LOA during follow-up.
Patients who are assigned to receive LOA or MUA but
do not have surgery will be excluded from the as-treated
analysis.

A 97.5% CI will be used for the outcome of knee
flexion ROM, and a 95% CI for the secondary outcomes.
Noninferiority will be showed when the noninferiority
margin is not included in the 97.5% CI. Sensitivity analysis
will be conducted to assess the robustness of the results
with different assumptions regarding missing values. We
prespecify the use of our statistical model as the primary
plan for handling missing data, and we will perform many
more imputations using the Markov chain Monte Carlo
method in sensitivity analyses (39). A value of P<0.05 is
considered to be significant. All statistical analyses will
be performed using SPSS Statistics software (v 24; IBM,
Corp. Software, Armonk, NY, USA). A statistician will be
responsible for all longitudinal analysis.

Cost-effectiveness analysis

Effect measures in the economic evaluation are the range
of knee flexion and general health based on the EuroQol.
The analysis will be performed according to the intention-
to-treat principle. A full cost-effectiveness and cost-utility
analysis will be carried out. Incremental cost-effectiveness
ratios (ICERs) are calculated according to the difference in
mean effects and mean total costs between groups.

Data bandling and confidentiality

Data from each participant will be recorded in forms in the
participant data folder, which will be labelled with study
numbers according to the number from the randomization
lists. The key to all participant numbers is only accessible
for researchers and the principal investigators. Outcome
data is anonymised and only available to the associated
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researchers. Folders will be filed sequentially by number
and maintained in a locked filing cabinet in a locked
room. A research assistant will transfer all data into the
master data spreadsheet. Accuracy of data is guaranteed
by secondary review by co-authors. Data will be collected
and stored for 10 years. Intervention groups will be
numbered 1 or 2 because statistical analyzers who perform
the statistical analysis will be blinded to the group of
assignments. Original data will be saved in a database at the
initiating hospital (Shanghai Ninth People’s Hospital), and
a spreadsheet will be stored on a portable drive.

To ensure security, data input capabilities are only
accessible for the researcher assistant (L Zhang) and
the coordinating investigator (L Xu). Data processing
capabilities are only accessible for the principal
investigators, statisticians (L. Lu and S Fan), and authorized
research staff.

Trial ovganisation and monitoring

No official steering committee is included in this study.
The research team will consist of the authors listed in this
article, in addition to physiotherapists and administrative
staff at each site who will assist with the entire process of
the study and data entry. All adverse events or problems
related to this study will be recorded and reported to
the ethical committee. The principal investigators (Z
Wang, Y Hua and M Yan) will manage the study flow and
perform inspections of the enrolment, treatment, and
procedures throughout the entire study. Other investigators
will monitor data collection and facilitate data integrity
performed with periodic evaluations continually during
the data collection phase. The primary researchers (B Cai
and S Chen) will participate in the discussion of all data
analyses before the final presentation of these results. The
data supporting the results are available on request from the
corresponding author CB.

Patient and public involvement

No patients were involved with the design, data provision,
analysis or publication of the study.

Ethics and dissemination

This RCT will be performed in accordance with the
Declaration of Helsinki (as revised in 2013) and has been
approved by the Ethics Committee (reference number:
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SH9H-2020-T218-1). Informed consent will be obtained
from each patient before taking part. The results will be
reported following the CONSORT statement at scientific
conferences or in a peer-reviewed source. An ethics
review protects human medical research participants
to ensure compliance with federal regulations. Any
modifications to the protocol which may impact study
procedures or the conduct of the study will require
approval by the Institutional Review Board and a formal
amendment to the protocol. This clinical trial has been
registered at www.chictr.org.cn with a registration number
ChiCTR2000033467. Patients included in this study have
right to withdraw at any time, and the reasons should be
documented. The research coordinator will report all
SAEs within 24 hours of observation through the online
submission system to the ethics committee.

Discussion

In this noninferiority, randomized study, the effects of
two surgical techniques are compared concerning clinical
outcomes and the cost-effectiveness in patients with loss
of flexion within 3 and 6 months after arthroscopic knee
surgery. It is clinically significant because of a lack of
evidence regarding the treatment of arthrofibrosis after
arthroscopic knee surgery.

The effectiveness of LOA for patients with arthrofibrosis
of the knee within 6 months after initial procedures have
been shown in the previous studies (17,18). Diagnostic
arthroscopy performed during LOA allows visualization of
intra-articular scarring (9,12,13). Arthroscopy also allows the
release of adhesions in the suprapatellar pouch, medial and
lateral gutters, infrapatellar fat pad, and intercondylar notch,
providing greater patellar mobility and patella infera (9).
However, it may result in complications such as wound
dehiscence, infection, and heterotopic bone formation. By
contrast, MUA procedures achieve similar clinical outcomes
with decreasing surgical risks and requiring the patient to
undergo shorter in-hospital treatment. MUA procedures
are often easier, less expensive, less technically-demanding
and more convenient for patients. Nevertheless, there is
wide inconsistency among authors regarding the timing
of MUA, and the published evidence does not support the
notion that MUA may be considered an alternative to LOA
for patients with arthrofibrosis within 3 to 6 months after
arthroscopic knee surgery. The results of this study may
assist the creation of best practice guidelines for patients

with arthrofibrosis of the knee.
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It is worth noting that early gains in ROM soon after
surgical procedures are not an indicator of the final results.
Ipach er al. (40) reported that substantial decreases in
ROM 6 weeks after MUA or LOA may be found due
to an abnormal inflammatory response or a lack of PT.
Therefore, postoperative rehabilitation is crucial for the
successful clinical outcomes of surgical procedures for
knee arthrofibrosis. A ROM gain intraoperatively may
be lost because of a prolonged period of immobility due
to postoperative pain. In particular, the results of the two
treatments highly depend on pain control postoperatively,
patient motivation and compliance with postoperative
rehabilitation protocols. Appropriate management of pain
after surgery is vital to decrease inflammation, to accelerate
the progress of physical rehabilitation, and to prevent
recurrent stiffness (9,41).

However, the recruitment method may have biased the
trial sample toward patients more likely to benefit from
MUA and may have influenced patients’ perception of
the interventions. This study may have a bias for blinding
of participants and surgeons, and a bias for incomplete
outcome reporting. Various measures will be taken to
minimise bias and ensure trial validity. Patients will be
informed that both interventions are evidence-based care,
and those who want only MUA will be excluded at the
time of recruitment. All patients will be provided with
standardised surgical procedures, physiotherapy, and
written home exercises advice they need to perform. Since
not all patients may be evaluated at each time point (missing
data), sensitivity analysis will be performed to assess the
robustness of the results.

The results of this study will help clinicians determine
the risk-benefit balance of these two frequently used
surgical procedures. Therefore, the clinical relevance of
this study is very high since MUA may be an alternative to
LOA for patients with loss of flexion within 3 and 6 months
after arthroscopic knee procedures. Finally, further work
is needed to directly compare the effectiveness and cost-
effectiveness of these two surgical techniques in a constant
patient population, including not only the cost of the
procedures, but therapy costs, the amount of lost time from
gainful work, and other costs over the complete recovery
period.

Conclusions

This trial will generate detailed and accurate evidence on

the efficacy and safety of MUA and LOA for the treatment

© Annals of Palliative Medicine. All rights reserved.
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of patients with loss of flexion within 3 and 6 months after
arthroscopic knee surgery. Furthermore, confirmation of the
hypothesis may help clinicians determine the risk-benefit
balance of these two frequently used surgical procedures in
the management of patients with knee arthrofibrosis.

Trial status

Recruitment was started on 30 August 2020 and is estimated
to be completed in August 2022.
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ACL Reconstruction

PHASE 1 - ACUTE (0-6 Weeks)

PHASE GOALS: PROTECT GRAFT, RESTORE AMBULATION & ADL STATUS

RANGE OF MOTION* NO MENISCUS/CARTILAGE PROCEDURES

0-1 WEEK - FULL EXTENSION SLOWLY PROGRESS FLEXION TO 90
DEGREES

1+ WEEKS — MAINTAIN FULL EXTENSION & GRADUALLY PROGRESS TO
FULL FLEXION

WEIGHT BEARING

0-2 WEEKS - WEIGHT-BEARING AS TOLERATED
2+ WEEKS - FULL WEIGHT BEARING WITH SYMMETRICAL GAIT
BRACE & CRUTCH USE

0-1 WEEK - BRACE LOCKED IN FULL EXTENSION
1-2 WEEKS - OPEN BRACE TO 60 DEG

2+ WEEKS - BRACE OPEN WITH GOOD QUAD CONTROL & FULL
EXTENSION; DC BRACE & CRUTCHES WHEN GAIT IS NORMAL

STRENGTHENING

QUAD SETS, STRAIGHT LEG RAISES, HIP ABDUCTION
BALANCING, PRE-GAIT, CALF RAISES

CRITERIA FOR FULL AMBULATION
* >0DEG KNEE EXTENSION & 90 DEG KNEE FLEXION
* >30 STRAIGHT LEG RAISES WITHOUT LAG
* MINIMAL EFFUSION, PAIN, & SYMMETRICAL GAIT WITHOUT A LIMP
e MD ORPT APPROVAL

UT*ORTHO

A Part of UT Physicians
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ACL Reconstruction

PHASE 2 - STRENGTH & JOGGING (6-12 Weeks)

PHASE GOALS: IMPROVE STRENGTH & INITIATE JOGGING PROGRAM

RANGE OF MOTION

6+ WEEKS - SYMMETRICAL & PAIN-FREE WITH OVERPRESSURE

STRENGTHENING

LEG PRESS, STEP-UPS, & ROMANIAN DEADLIFTS (RDLs)

SQUAT PROGRESSION (BODYWEIGHT SQUATS -> SINGLE LEG SQUATS)
RESISTED HIP ABDUCTION LATERAL BAND WALKS

CORE EXERCISES (PLANKS, V-UPS, SINGLE-LEG BRIDGING)

CONDITIONING

STATIONARY BIKING (MUST BE BEYOND 110 DEG KNEE FLEXION)
ELLIPTICAL & ROWING MACHINE

SWIMMING (PROGRESS KICKING GRADUALLY & PAIN-FREE)

S — ——
CRITERIA FOR JOGGING

* PAIN LESS THAN 3/10 (WORST)
* WITHIN 2 DEG NORMAL KNEE EXTENSION & 120 DEG KNEE FLEXION
* QUADRICEPS & HAMSTRING STRENGTH > 60% NORMAL

| ¢ LESS THAN 4cm DEFICIT ON SINGLE-LEG SQUAT (ANTERIOR REACH) !
e AT LEAST 1 MINUTE OF SINGLE LEG SQUATS
* MD OR ,ET APPROVAL

e e -
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ACL Reconstruction

PHASE 3 - AGILITY (12-20 Weeks)

PHASE GOALS: INTRODUCE DYNAMIC & POWER MOVEMENTS

RANGE OF MOTION

12+ WEEKS - MAINTAIN SYMMETRY & PAIN-FREE OVERPRESSURE

STRENGTHENING

GYM STRENGTHENING (SQUATS, DEADLIFTS, INITIATE OLYMPIC LIFTING)
CORE EXERCISES (MOUNTAIN CLIMBERS, PLANKS, V-UPS)
BIODEX FATIGUEING PROTCOLS

CONDITIONING

BIKING, ELLIPTICAL, JOGGING, SWIMMING & ROWING

PLYOMETRICS & LIGHT AGILITY

LADDER DRILLS, FOOTWORK AGILITIES
BOX JUMPS (DOUBLE & SINGLE LEG)

HIGH INTENSITY PREDICTABLE AGILITY MOVEMENTS

— — R — T —

CRITERIA FOR HEAVY AGILITY '
 PAIN LESS THAN 2/ 10 (WORST)
e QUAD & HAM STRENGTH > 80% NORMAL; > 50% H/Q RATIO FOR FEMALES
« AT LEAST 3 MINUTES OF SINGLE LEG SQUATS (RESISTED) r
|+ <5ONLANDING ERROR SCORING SYSTEM (LESS)
* MD OR PT APPROVAL

S — S ——
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ACL Reconstruction

PHASE 4 - RETURN TO PLAY (24+ Weeks)

PHASE GOALS: INITIATE SPORTS SPECIFIC MOVEMENTS & RETURN TO PLAY

STRENGTHENING

PROGRESS GYM STRENGTHENING (SQUATS, DEADLIFTS, & OLYMPIC
LIFTING)

BIODEX FATIGUE PROTCOLS & CORE EXERCISES

CONDITIONING

JOGGING, BIKING, SWIMMING, & INTERVAL SPRINT WORKOUTS

PLYOMETRICS & AGILITY (2-3 DAYS/WEEK)

MAX EFFORT BOX JUMPS (PROGRESS WITH ROTATION)
LATERAL & ROTATIONAL AGILITY

UNPREDICTABLE CUTTING AGILITY & CONTACT DRILLS

T e — ——

CRITERIA FOR RETURN TO PLAY
* PAIN LESS THAN 2/10 (WORST)
* >75/100 ON ACL-RSI SURVEY
°* QUAD & HAM STRENGTH > 90% NORMAL; > 60% H/Q RATIO FOR FEMALES
{ ° 90% NORMAL ON SINGLE-LEG HOP TESTS
* 95% NORMAL FIGURE OF 8, 5-10-5 PRO-AGILITY, & S-L VERTICAL JUMP
e MD APPROVAL

R W RS —— B
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