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ABSTRACT

Introduction Anterior cruciate ligament (ACL) rupture
is one of the most common knee injuries in sports,
and the gold standard for treating ACL rupture is
tendon graft reconstruction. Internal brace technology
is being used nowadays for ligament repair; however,
more relevant in vivo clinical evidence is required for
using internal brace technology in ACL reconstruction
(ACLR). We conducted a randomised controlled trial
to investigate the clinical efficacy of internal brace
technology in ACLR.

Methods and analysis This randomised, parallel-
controlled trial included patients with ACL rupture
who underwent inpatient surgery at the Department
of Orthopaedics, Xiangya Hospital, Central South
University. Random number table method was used to
assign the participants to either the test or the control
group. The test group underwent ACLR using the
internal brace technique, whereas the control group
underwent standard ACLR. Uniform postoperative
rehabilitation protocol was used for both the groups.
Patient-reported outcomes included preoperative
baseline and postoperative recovery at 1, 3, 6, 12 and
24 months. The primary outcome was International
Knee Documentation Committee function from
baseline (ACL rupture) to 6 months postoperatively.
Secondary outcomes included (1) other patient
outcome reporting metrics, Lysholm knee score, Knee
Injury and Osteoarthritis Outcome Score and Visual
Analog Scale; (2) the use of Kneelax3 knee stabiliser
to assess knee stability; (3) occurrence of adverse
events, such as graft refraction or symptomatic
instability, postoperative infection and contralateral
injury and (4) magnetic resonance images at 12 and
24 months after ACLR.

Ethics and dissemination This trial was approved by
the Medical Ethics Committee of the Xiangya Hospital of
Central South University on 26 October 2021. Data will

be published in peer-reviewed journals and presented at
national and international conferences.

Trial registration number ChiCTR2200057526.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study aims to demonstrate the clinical superi-
ority of the Internal brace compared to conventional
anterior cruciate ligament reconstruction (ACLR)
through a 2-year follow-up period.

= This study will fill an existing gap regarding the
efficacy of the internal brace in ACLR by providing
robust and high-quality evidence on its role and
impact.

= The study has a standard and detailed rehabilitation
programme to ensure a smooth recovery after ACLR.

= This trial was conducted in a single centre, and data
lacked generalisability.

INTRODUCTION

Anterior cruciate ligament (ACL) rupture
is one of the most common knee ligament
injuries occurring in young athletes. Mayo-
Robson of Leeds performed the first ACL
repair in 1895, which was followed by initi-
ation of ACL reconstruction (ACLR) using
autologous tissue by Grekow and Hey Groves
between 1914 and 1920." If ACL ruptures are
not actively treated after injury, joint insta-
bility and other phenomena often occur,
which reduces the quality of life and increases
the risk of osteoarthritis.>™* Over the past few
decades, ACL ruptures have been estimated
to occur in approximately 30-52 cases per
100000 person-years.5 ACL injuries report-
edly occur in more than 175000 people
annually in the USA, and approximately
100000 undergo surgery.”® With the contin-
uous development of surgical techniques, the
current mainstream surgical method involves
performing ACLR under arthroscopy.9 A
Japanese study reported that the redisruption
rate of ACLR grafts after returning to the field
was 23% for rugby players under the age of 20
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years.'” At the same time, other studies have also shown
that the revision rate of ACLR with an allogeneic tendon
in adolescents can reach 35%11; however, the effect after
revision is not as good as that of primary ACLR."?

Internal brace technology for ligament repair has been
promoted since 2010. It uses braided ultrahigh molec-
ular weight polyethene polyester suture tape and knotless
bone anchors to reinforce ligament strength, also known
as an auxiliary stabilising structure for recovery of motion
after ligament repair, which helps prevent secondary
damage," such as anterior and posterior cruciate liga-
ment (PCL), medial and lateral collateral ligament
(LCL) repair of the knee™™ and ankle and elbow liga-
ment strengthening repair.'®'” Enhanced collateral liga-
ment repair and reconstruction with an internal brace
improve limb biomechanics, including greater stiffness
and maximum load, while facilitating early rehabilitation
in motor and biomechanical environments."* '* Rein-
forced ligament repair offers unique advantages over
traditional reconstruction techniques, including smaller
bores and implants, no risk of disease transmission from
the allografts and no risk of tunnel convergence during
the procedure.'* ' ¥ Therefore, ACL reinforcement is
an alternative method for synergistically supporting ACL
grafts and load sharing, with primary tension on the graft
and high-strength suture tape.

In ACLR, the internal brace ligament augmenta-
tion technique helps prevent various failure scenarios,
including creep and irreversible stretching, traumatic
tears and slippage of the tendon-bone interface.”’ *' In
addition, these failures can be avoided when the graft is
small or vulnerable.””*! Smith in an in vitro trial conducted
in 2018 found that ACLR combined with independent
suture tape significantly reduced graft elongation and
allowed the grafted ligaments to accept higher ultimate
disruption loads, thereby reducing the risk of graft rerup-
ture.”’ Preliminary short-term studies have shown that
the internal brace technique can significantly improve
functional recovery after ACLR, thereby enhancing the
patient’s quality of life. However, only a few medical
institutions use ACLR combined with internal brace
technique, and more relevant in vivo clinical evidence is
required.

This study was undertaken with an aim to fill this gap
by exploring whether internal brace technology can
improve the outcomes of patients with ligament injuries
and provide a new option for patients with ACL injuries.

METHODS AND ANALYSIS
Study setting
This randomised parallel-controlled trial will be

conducted in accordance with the Consolidated Stan-
dards of Reporting Trials statement.”” Patients with
ACL rupture who were hospitalised in the Department
of Orthopaedics at Xiangya Hospital of Central South
University between 1 March 2022 and 28 February
2023 formed our study population. The Medical Ethics

Committee of Xiangya Hospital of Central South Univer-
sity approved the ethical application related to this study
and filed it (ethical approval number: 202110478). All
patients signed an informed consent form prior to the

surgery.

Eligibility criteria

The inclusion criteria were: (1) age: 16-45 years; (2)
unilateral knee MRI showing unilateral knee ACL
fracture; (3) combined meniscal injury that does not
interfere with the standard postoperative rehabilita-
tion programme after intraoperative management; (4)
combined grade III or lower cartilage injury that does not
interfere with the standard postoperative rehabilitation
programme; (5) a minimum of 24 months of follow-up;
(6) no previous injury to the healthy knee; (7) informed
consent provided by the participant and signed relevant
documents.

The exclusion criteria were: (1) age of <16 years or >45
years; (2) previous ACLR or bilateral ACL injury; (3) MRI
revealing PCL, medial collateral ligament or LCL injury;
(4) grade IV cartilage injury or unstable longitudinal
meniscus tear requiring repair that interferes with stan-
dard rehabilitation protocols after surgical management;
(5) not meeting the requirement of 24 follow-up visits;
(6) patients with severe underlying medical conditions
that make surgery inadvisable, or patients with mental
illness, pregnancy during planned trials or other condi-
tions that are not conducive for long-term follow-up.

Participant selection

Patients diagnosed with ACL rupture by clinicians through
physical examination and MRI were randomly allocated
to the trial and control groups after final confirmation of
ACL rupture under arthroscopy and agreeing to partici-
pate in this study. The trial group underwent ACLR with
the internal brace technique, while the control group
underwent ACLR without the internal brace technique.
Preoperative assessment of the patients was performed
before surgery, and a uniform rehabilitation programme
was performed after surgery. The inclusion start date of
the protocol (V.1.0, March 2022) was March 2022, with
an expected cut-off date of March 2023. The follow-up
period is 2 years, with the last follow-up expected in March
2025 (the exact end date will be based on the inclusion of
the last participant). The specific technical route is shown
in figure 1.

Study sample

International Knee Documentation Committee (IKDC)
score consists of three aspects: (1) symptoms, including
pain, stiffness, swelling, interlocking/jamming and soft-
ening of the legs; (2) motion and daily activities and (3)
current knee function. However, knee function prior to
knee injury does not count towards the total score, which
is the main outcome indicator of this study, based on
which the sample size required for this trial was estimated.
IKDC scores are continuous measurement data, and this
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Figure 1 Study flow diagram. ACL, anterior cruciate ligament.

study compares the statistical differences between the
means+SD of the two groups. The minimum clinically
important difference (MCID) of the IKDC scale was
reported to range between 8.8 and 15.6.27% We set & to
10, and the overall sample SD was set to 13 based on the
relevant literature.” > To satisfy the power of a test (1-f3,
B means type II error) of 0.8 and the test level o (type I
error) of 0.05, the sample size calculated for each group
was 27 according to the following formula. Considering
a 20% lost visit rate, 33 patients were included in each
group with a total of 66 patients included in the study.

Randomisation and concealed grouping

Using a computer-generated random number list, all
eligible participants were randomly assigned in a 1:1 ratio
to the ACLR endoprosthesis technique group (combined
group, n=33) and the standard ACLR group (simple
group, n=33), with no restrictions on either group.
Randomisation was performed by an investigator who was
not involved in the study. Allocation results were sealed
in opaque envelopes and maintained by the study coor-
dinator. On the day of surgery, one envelope per patient
was given to the surgeon by the study coordinator. The
participants and physicians included in the study were
informed of the grouping, but neither the rehabilitators
who instructed the patients on rehabilitation nor the data
collectors who conducted the follow-up visits were aware
of the grouping.

Interventions and surgical techniques

In all patients, all-inside ACLR was performed using autol-
ogous semitendinosus tendons with arthroscopy. Semiten-
dinosus tendons were braided with sutures (0 FiberWire
Suture, Arthrex) to form four strands of ACL grafts (all
between 7.5 mm and 10 mm in diameter, supplemented
with semimembranous tendons less than 7.5 mm in diam-
eter). In the ACLR group, the braided graft femoral
end and tibial segment were suspended and fixed with
a TightRope (ACL TightRope RT Implant, Arthrex). On
the other hand, in the ACLR with internal brace group, a
separate wire tape (2mm FiberTape, Arthrex) was added
in addition to the components and technique used in the
ACLR group. The suture was fixed with a knotless bone
anchor (4.75mm PEEK SwiveLock, Arthrex) distally
and a TightRope suspension proximally as in the graft
(figure 2).

The procedure was as follows: the patient was anaes-
thetised, a tourniquet was applied to the affected limb,
routine surgical disinfection of the knee was performed,
a sterile surgical sheet was placed, the semitendinosus
tendon was palpated, a straight incision was made medial
to the tibial tuberosity, the semitendinosus tendon
was removed with a tendon extractor, 10mL of ropiva-
caine was injected at the tendon extraction site and the
removed semitendinosus tendon was braided into four
strands using the GraftLink (Arthrex) technique.26 A
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Figure 2

(A) and (B) are the models of control and test
groups, respectively. (C) and (D) are the pictures of control
and test groups after intraoperative arthroscopic ACLR,
respectively. ACLR, anterior cruciate ligament reconstruction.

conventional knee arthroscopic approach was used on
the anteromedial and anterolateral sides of the affected
knee to explore the injured structures and remove the
remaining portion of the ACL. The knee was flexed to
the extreme, and the femoral tract was created at the foot-
print of the ACL stop at the lateral femoral condyle and
the tibial tract at the footprint of the ACL start. The graft
and two TightRope titanium plates were pulled into the
knee cavity and removed through the femoral and tibial
tracts, respectively. The tabs were flipped, the tab rings
were tightened, and the titanium plates were fixed. In the
ACLR with an internal brace group, the femoral end of
the FiberTape wire band was fixed with a TightRope ring,
the wire band was tensioned in the extended position
and the tibial end was fixed independently with a knotless
bone anchor (4.75mm PEEK SwiveL.ock, Arthrex).

All patients underwent uniform training and rehabil-
itation programme after surgery. The entire rehabilita-
tion process was divided into seven phases. The first three
phases focused on controlling swelling and restoring the
range of motion, which usually required 4weeks. The
detailed rehabilitation plan is presented in table 1. Phases
4-5 focused on restoring quadriceps muscle strength
control and balance along with core strength restoration
training. Phases 6-7 included gradual resumption of
various sport activities, from daily activities to professional
activities or contact sports. A detailed rehabilitation plan
is presented in tables 2 and 3.

Baseline indicators and observations
Baseline and preoperative patient characteristics
included sex, age, affected limb (left or right), cause of

injury (playing basketball or other sports such as soccer),
smoking status (yes or no), time from injury to surgery
(fresh injury or old rupture), whether the injury was
accompanied by cartilage and meniscal damage, time of
surgery and degree of ACL fracture (partial or total).

Study endpoints

Primary outcome/endpoint

IKDC score changes in knee function from preopera-
tive period to 6 months postoperatively was the primary
outcome. The IKDC is a commonly used tool to evaluate
outcomes after knee surgery, including ACLR.?" The
IKDC knee score consists of knee assessment (10 entries)
and knee ligament checklist (eight entries), covering joint
pain, motor level and daily activity ability, with total score
ranging between 0 and 100. The IKDC can be used to
assess knee symptoms, function and physical activity. The
IKDC assesses symptoms, function and physical activity of
the knee. Patients were evaluated using a questionnaire
preoperatively and at follow-up visits at 1, 3, 6, 12, and 24
months postoperatively.

Secondary outcomes/endpoints

Lysholm knee score (LKS), Knee Injury and Osteoarthritis

Outcome Score (KOOS, including knee symptoms, pain,

activities of daily living, sports and recreational activities

and quality of life), Visual Analog Scale (VAS, for pain
assessment), Lachman test, MRI data and assessment of
knee stability using the Kneelax3 knee stability metre.

1. Kneelax3 (MONITORED REHAB SYSTEMS B.V. Model:
KNEELAX3, The Netherlands): the Kneelax3 arthrome-
ter was used for assessment of knee stability preoper-
atively and 1, 3, 6, 12 and 24 months postoperatively.

2. LKS: this scoring system consists of eight questions
scored on a scale of 0-100, with higher scores repre-
senting better functional status of the patient. The
main tendency is towards activities of daily living, and
patients were assessed using questionnaires before sur-
gery and at 1, 3, 6, 12 and 24 months of postoperative
follow-up visits.*®

3. KOOS score: the KOOS consists of five subscales: pain,
other knee symptoms, activities of daily living, function
in sports and recreation (Sport/Rec) and knee-related
quality of life.*” Patients were given 1week for con-
sideration before answering the questions, and each
question had five alternative boxes with scores ranging
between 0 and 4. Standard scores were calculated for
each subscale (100 for no symptoms and 0 for extreme
symptoms), and patients were assessed using question-
naires before surgery and at follow-up visits at 1, 3, 6,
12 and 24 months after surgery.

4. VAS score: the visual analogue pain scoring method is
more sensitive and comparable. In this trial, a 100 mm
VAS pain score (including resting-state score, 30 min
post-walk score and overall pain level in the past
month) was used.”® This protocol only assessed pain
at rest, with 0 representing no pain and 100 represent-
ing the most severe pain. Patients were evaluated using
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Table 3 Phases 6 and 7 of the post-ACLR rehabilitation programme

Manipulative

Phase Movement exercises Gait exercises massage Rehabilitation goals Precautions

Phase 6 1. Jogging movement: multiple ==
(12-16 directions for running.
weeks) 2. Increasing the speed of all

sports.

3. Skateboard training, slow
walking in water and other forms
of exercise can be carried out.

Phase 6 1. Progressive running programme. ——
(12-16 2. Testing and training of single-leg
weeks) jumping.

3. Vertical or horizontal jumps,
transitioning from double to
single leg.

4. Progressive enhancement type
training (box jumps, side jumps,
standing jumps, deep squat
jumps, etc.).

5. Speed and agility training (join
professional sports training).

ACLR, anterior cruciate ligament reconstruction.

questionnaires before surgery and at 1, 3, 6, 12 and 24
months of postoperative follow-up.

5. Lachman test: this assesses ACL function with the pa-
tient in supine or prone position and knee flexed at an
angle of approximately 30°.*! The examiner uses one
hand to immobilise the thigh while the other hand at-
tempts to move the tibia forward. Positive results sug-
gest that patients with ACL injuries be tested preopera-
tively and at follow-up visits at 1, 3, 6, 12 and 24 months
postoperatively.

6. MRI assessment: MRI was performed at 12 and 24
months postoperatively to assess the patient’s recon-
structed ACL.

Patient termination and withdrawal criteria

Patients could withdraw from the trial at any time due to

the following reasons:

1. Surgical failure: (1) occurrence of infection; (2) no sec-
ondary rupture of the reconstructed ligament (rupture
of the ligament or the internal brace augmentation
line or both in the trial group, rupture of the recon-
structed ligament in the control group) and (3) knee

—= 1. Squat down to Avoid wrong

60° on one leg movements or
with the affected posture. (1) Landing
limb and repeat  with the knee joint
20 times. too straight. (2) The

2. The affected leg  knee joint is turned
can stand on one outward or inward
leg to maintain when landing.
balance for at (3) When landing
least 60s. or bouncing, the

3. Vertical or healthy leg always
horizontal Jump takes the |ead, not
using both legs the affected leg.
with a good
landing position.

4. Single-leg jump:

80% of the ability
of the healthy leg
is achieved.
—— After 20 weeks, —=
they participate
in a professional
sports programme.

instability: self-reported knee instability, or Lachman
test (+) or Kneelax3 knee arthrometer test revealing a
3mm difference in comparison with the healthy side.

. Patient withdrawal from the trial: all participants had the

right to withdraw at any time during the study period.
A participant was withdrawn from the trial if any of the
following occurred during the trial: (1) withdrawal of
informed consent by the participant; (2) a person who,
in the opinion of the investigator, was no longer suit-
able for continuation of the clinical trial; (3) a wom-
an who became pregnant during the clinical trial; (4)
death of the participant or (5) the participant was lost
to follow-up.

. Trial termination: the clinical trial institution and in-

vestigator found that the risks to patients by continu-
ing the clinical trial exceeded the possible benefits;
(2) the ethics committee found that the rights of the
participants could not be protected; (3) the sponsor
requested termination of the trial for various reasons
and (4) the national administrative authority request-
ed termination.
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The timing and reasons for withdrawal from the trial
were recorded in detail in the case report form. Follow-up
care was no longer provided for participants who volun-
tarily withdrew from the treatment as well as for those for
whom follow-up data were not being collected. However,
participants who withdrew from the trial due to adverse
events or because of surgical failure were to be followed
up until the adverse events stabilised or resolved or until
the investigator deemed that further follow-up was no
longer necessary.

Data management

The trial used an electronic data collection (EDC) system
for data management. The investigator or investigator-
authorised research staff completed the electronic Case
Report Form through the EDC system in an accurate,
timely, complete and standardised manner, based on
the original information from the participants. Ques-
tionnaire checking, data cleaning and summarisation
were performed promptly after each follow-up visit. A
follow-up survey is proposed to adopt the electronic ques-
tionnaire system and on-site questionnaire survey. The
on-site survey results will be saved in time and organised
in the database later. The investigator or investigator’s
authorised researcher will enter the data into the EDC
according to their respective accounts. The data admin-
istrator verifies the reliability, completeness and accu-
racy of the data in the EDC. If any questionable data are
found, a challenge can be issued in the system, and the
investigator or the investigator’s delegated researcher will
verify, correct or answer the query. When all the data have
been entered into the database and all queries have been
resolved, the database will be locked by the data adminis-
trator. If a problem is found after the database is locked
and there is a need to correct it, the process of unlocking
and relocking the data will be followed. After the data-
base is locked, the data manager will submit the data to
the analyst for statistical analysis as scheduled.

Statistical analysis

1. Statistical design: this was a randomised controlled clin-
ical trial.

2. Principles of statistical analysis: all statistical analyses
were performed using SAS V.9.4 or later, R V.3.3.2 or
later, or pSPSS V.24 (IBM Corporate Headquarters,
Armonk, New York). All statistical tests were two-sided
tests, and p values <0.05 were considered statistically
significant for the differences tested (unless otherwise
specified).

i.  Summary statistics for continuous variables: in-
cluding the mean, SD, median, minimum, max-
imum, lower quartile (QIl) and upper quartile
(Q3); summary statistics for categorical variables,
including the number of cases and percentages of
each category.

ii. Between-group comparisons of demograph-
ic baseline characteristics: group comparisons
for continuous variables will be made using

independent samples t-test (x°, normal distribu-
tion) or Wilcoxon rank-sum test depending on
data distribution and y test or exact probability
method for categorical variables (if x* test is not
applicable).

3. Completion and demographic analyses: baseline analyses
were based on full analysis set (FAS). The enrolment
and completion status of the trials were summarised
and the reasons for non-completion are described in
a detailed table. The participants’ demographic char-
acteristics were described and compared with measure
comparability between the two groups. Validity report-
ing data were accepted only if the baseline was bal-
anced between the groups; otherwise, the validity data
were corrected before reporting.

4. Patient-reported outcome validity evaluation indices: out-
come validity evaluation will be based on the FAS and
the per-protocol set. The statistical description and in-
ference of the data will be based on the characteristics
of the data, the selection of applicable descriptive indi-
cators, and hypothesis testing methods.

Primary patient-reported outcome: comparison of IKDC
knee scores at 6 months (+2 weeks) postoperatively in the
trial and control groups. We will use a linear regression
model for analysis to correct for possible confounding
factors such as age, sex and cause of injury. Preoperative
baseline IKDC scores will be used as predictors when
conducting the analysis, and IKDC scores at 6 months
(2 weeks) will be used as indicators of post-treatment
outcomes.

Secondary patient-reported outcomes

i.  Since IKDC scores were measured multiple times
during the follow-up period, we will use a linear
mixed model to compare the changes over time be-
tween the trial and control groups.

ii. The anterior tibial translation distance is measured
using the Kneelax3 knee stability metre, and com-
parisons of the anterior tibial translation distance
between the test and control groups at the same post-
operative time points with the same force will be per-
formed using either an independent samples t-test
(XQ, normally distributed) or a Wilcoxon rank-sum
test. A linear mixed model will also be used to com-
pare and analyse the evolution of these consecutive
results over time in both groups.

iii. A comparative analysis of failure and infection rates
in the control group versus the test group during the
main 6 months will be performed using the x* test or
t-test.

iv. Linear regression of continuous outcomes from
baseline to 24 months, such as LKS, KOOS score (in-
cluding knee symptoms, pain, activities of daily liv-
ing, sports and recreational activities, quality of life),
Lachman test and pain VAS protocols, will be used
to compare and analyse the evolution of these con-
tinuous outcomes over time in the two groups using
linear mixed models.
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v. The morphology and signal intensity of the postop-
erative ACL will be assessed using MRI, and different
treatments will be compared at different time points
using % test.

Analysis of safety indicators

Safety evaluation will be based on a safety-set (SS) analysis
dataset. The internationally accepted Medical Dictionary
for Regulatory Activities (MedDRA) term set classification
was used for adverse event coding. The types of adverse
events, frequency, severity and relationship with internal
brace enhancement line generation and surgery were
summarised by group. A detailed list of the various adverse
events is provided, with special notations for participants
who discontinued the trial because of adverse events and
for those who experienced serious adverse events. The
proportions of patients who developed complications
between treatments were compared using the y” test.

Patient and public involvement
Patients and/or the public were not involved in the study
design, conduct, reporting, or dissemination plans.

DISCUSSION

This prospective, randomised controlled trial aimed to
investigate the clinical efficacy of ACLR with and without
the internal brace technique. In this 2-year follow-up
study, the subjective, objective and functional outcomes
of patients who underwent ACLR with the internal brace
technique or ACLR alone were compared. This study
hypothesised that ACLR with internal brace technique
would be more stable than ACLR alone in the early post-
operative period, with a lower incidence of secondary
injury, reduced duration and extent of pain and earlier
return to preinjury activity levels. However, there may be
no significant difference between the two groups in terms
of patientreported outcome indicators with increase in
recovery time.

ACL rupture is a common knee injury among athletes
and has been extensively studied. Studies from as early
as the late 20th century have shown that ACLR is supe-
rior to ACL repair.”**® The ACL is an important structure
for maintaining knee stability, preventing anterior tibial
displacement and limiting intratibial rotation,* making
ACLR the gold standard treatment for patients recov-
ering motion or performing rotational activities after
ACL rupture in the knee.” The recovery of knee func-
tion after surgery depends on the ability of the ACL graft
to withstand appropriate loads during rehabilitation and
after returning to sports. Tendon grafts implanted in the
human knee joint survive in the intra-articular environ-
ment and gradually in the ligaments. The graft is fragile
and vulnerable to reinjury during the preremodelling
phase before ligamentisation,”™ so a carefully designed
rehabilitation programme should be developed to
prevent reinjury during the rehabilitation period. Several
studies have found a higher probability of rerupture or

secondary revision in athletes and adolescents or for
ACLR using either autologous or allogeneic tendons.'”*”
Therefore, surgical approachs that increases the struc-
tural strength of the graft and protects it during the early
stages of graft ligamentization are important.

The biomechanical properties of the intraarticular
reconstructed ligaments reportedly improved 8 weeks
postoperatively when the FiberTape suture was applied
in a rabbit model. Additionally, during this period, Fiber-
Tape did not adversely affect bone tunnel healing or cause
a long-term increase in indicators of inflammation."* In a
dog model, no severe inflammation, immune response,
bone erosion or premature osteoarthritis development
was observed 6 months postoperatively.”™ The results of
these studies support the biocompatibility and safety of
intra-articular suture tape for ACLR enhancement.

A study on load sharing after ACL graft enhancement
using suture tape reported that load sharing began at 200
N and 300 N for 7mm and 9 mm grafts, respectively. The
final peak load (400 N) was shared by 31% (7mm graft)
and 20% (9mm graft) when using suture tape.” Suture
tape ligament augmentation may protect biological grafts
from excessive peak loading and elongation. After ACLR
in the early recovery phase, suture band augmentation
reportedly increases ACL graft stiffness by 104% and the
ultimate breaking load by 57%, reducing the graft failure
rate in clinical situations.

A recent systematic review by Christopher et al
concluded from biomechanical, animal and clinical
studies that suture tape augmentation in ACLR increased
biomechanical stability.40 Therefore, in this randomised
controlled trial, we will conduct a prospective observa-
tional comparison and long-term follow-up to elucidate
the clinical efficacy of internal bracing in ACLR.

ETHICS AND DISSEMINATION

The trial was approved by the Medical Ethics Committee
of Xiangya Hospital of Central South University on 26
October 2021 (ethics number ‘202110478’) and prospec-
tively registered in the China Clinical Trials Registry on 14
March 2022 (registration number: ChiCTR2200057526).
All participants signed an informed consent form before
participating in this trial, and we will protect the patients
from any invasion of their privacy. All investigators will
keep the study results confidential until after the data are
made public and will release no data related to the data-
base without approval from the principal investigator.
We will publish our findings and data in peer-reviewed
journals and present them at national and international
conferences.
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