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Abstract

The application of primary repair for anterior cruciate ligament (ACL) injuries remains controversial, and evidence-based guidelines have not yet
been established. Remarkable advancements in arthroscopic techniques and biological stimuli have been achieved in the past decades, which
may change expectations regarding the potential of ACL healing and clinical outcomes for patients. In this study, a global expert consensus
on the primary repair of proximal ACL injuries was established. A panel of 16 experts from the fields of sports medicine and arthroscopic
surgery was invited to participate in the compilation of this consensus statement. This project followed the Delphi approach to the consensus
process involving steering, rating, and peer review groups. Ultimately, 14 statements were retained: four achieved unanimous support, six
achieved strong consensus, and four did not achieve consensus. The expert consensus statement established in this study focused on surgical
indications, decision-making, surgical techniques, adjunctive methods, prognostic factors, and rehabilitation following ACL repair. The accepted
recommendations in these areas will assist doctors and therapists in standardizing the management of related pathologies. The consensus
statement clearly states that the tear site and tissue quality are important for ensuring successful ACL repair, while other factors should also be
considered. ACL reconstruction remains the gold standard for ACL repair until long-term follow-up data demonstrates otherwise.
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* This expert consensus provides a global perspective on the primary repair of proximal anterior cruciate ligament (ACL) injuries, addressing surgical
indications, decision-making processes, techniques, adjunctive methods, prognostic factors, and rehabilitation. It offers standardized recommendations
for clinicians, which aim to enhance the management of ACL injuries.

* This consensus notes a resurgence of interest in ACL primary repair techniques due to advancements in arthroscopic procedures and biological
augmentation methods. These techniques offer the potential for faster recovery and lower surgical morbidity compared to traditional ACL reconstruction,
especially in specific patient groups such as those with proximal tears.

¢ The success of ACL primary repair heavily depends on tear location (especially proximal tears) and the quality of the remnant tissue. These factors are
critical for surgical decision-making and can determine the likelihood of achieving favorable long-term outcomes compared to ACL reconstruction.

The results of ACL reconstruction are good; however, cur-
rent techniques pose some challenges and potential issues [4,
Primary repair of the anterior cruciate ligament (ACL) became 5]. ACL reconstruction is less favorable in the case of partial
popular in the 1970s and the 1980s. [1] Owing to a reported tears of the ACL and in skeletally immature patients because
failure rate of up to 50% at 5-year follow-up [2], ACL of the complete removal of the ACL remnant or potential
reconstruction replaced ACL primary repair and became the damage to the epiphyseal. Furthermore, it is associated with
main treatment option for ACL tear [3]. graft donor site morbidity and pain in the direct postoperative
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phase [6]. However, Taylor et al. [7] noted that despite the
historically poor outcomes of iz situ ACL primary repair over
the past decade, successful outcomes in a subset of patients
have been recorded. Therefore, it is worth understanding that
this paradigm shift was complicated by other factors, such as
heterogeneity in the patient cohort, age range, rehabilitation,
surgical type, and insufficient identification of the tear pattern
and location [8, 9].

It was commonly thought that the primary healing potential
of the ACL was poor owing to biomechanical forces, poor
blood supply, synovial fluids, and intrinsic cellular reparative
properties [10, 11]. Recently, our understanding of the vascu-
lar and neural distribution, and proprioceptors of the ACL has
advanced considerably [12, 13]. The interest in ACL primary
repair has increased following the use of arthroscopy and the
application of new tools and implants. Four main ACL repair
techniques have been developed to improve the mechani-
cal environment: bridge-enhanced ACL repair (BEAR) [14],
dynamic intraligamentary stabilization (DIS) [15], internal
brace ligament augmentation (IBLA) [16, 17], and suture
anchor repair (SAR) [18]. Furthermore, the technique of using
bioactive scaffolds to bridge the gap between the torn ligament
endo casts hope for ACL primary repair [19]. Intrinsically,
ACL primary repair is less invasive than ACL reconstruction
as it does not require graft harvesting and requires smaller
bone tunnel size [19-22]. Efforts have been made to educate
patients on the indications and surgical techniques for ACL
primary repair to improve treatment outcomes by preserving
the biological activity of the ACL remnant tissue.

However, there is still a lack of agreement on the indi-
cations, surgical techniques, and treatment outcomes of this
surgery. Therefore, it is necessary to reach an expert consensus
on this issue to provide guidance for clinical practice.

Methods

The consensus in this study focused on the clinical practice
of primary repair of ACL injuries, including the clinical diag-
nosis, indications, ACL repair with augmentation, prognos-
tic factors, and post-operative rehabilitation. The study was
launched on 26 January and ended on 10 December 2023.
This study was registered in the International Practice Guide-
line Registration for Transparency (PREPARE-2022CN806)
platform. The selection of the consensus panel was based on
clinical research publications and their impact factor in the
field of primary ACL repair. The selection criteria for domestic
Chinese experts for the panel were as follows: surgeons in
the main clinical branch of knee sports injuries, >10 years of
experience in knee ligament surgery, and performed >20 cases
of ACL repair in the past 5 years.

A consensus was reached using the Delphi method. The con-
sensus panel comprised 18 experts: a steering group (17 =3),
evidence rating group (# =2), a rating group (n =12), and
a peer review group (7 =3). The steering group proposed
statements based on a systematic literature review using the
PubMed, Embase, and Cochrane Central Register of Con-
trolled Trials databases. Animal and cadaveric studies were
excluded. Statements were drafted to address the current con-
troversies regarding primary repair of ACL, including indica-
tions, techniques, and outcomes. The levels of evidence cited in
the references were then classified into evidence rating groups
(Table 1). Each statement and evidence was discussed within
the steering group according to scientific grading before being
sent for ratings.
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Table 1. Grading of the levels of evidence from clinical studies.

Al Multiple (>2) level 1 evidence randomized controlled trials
with similar findings or 1 meta-analysis

A2 One level 1 evidence randomized controlled trial

B1 Prospective cohort study

B2 Comparison between groups but not a level 1 randomized

controlled trial

Case series

Case report

Expert opinion/basic research

g0

In the rating process, each member of the rating group
was asked to rate the statements anonymously based on
scientific evidence and their clinical experience on a 5-point
Likert scale ranging from strongly agree, agree, undecided,
and disagree to strongly disagree. The participants were asked
to provide their comments for each statement. A statement
with 80% agreement or higher was defined a priori. When
divergent opinions were proposed and supported, the content
was revised accordingly. If the proportion of agreement votes
was 50% or lower, the statement was dropped. If the pro-
portion of favorable votes was between 50 and 80%, then
the statement with its feedback was returned to the steering
group for revision, and the revised draft was prepared and
resubmitted to the rating group for final scoring [23].

Finally, the draft was sent to the review group for eval-
uation. The feasibility, accessibility, and readability of the
proposed statements are shown in Figure 1.

Clinical questions and recommendations

The demographic information pertaining to the rating group
members is listed in Table 2. The steering group drafted 18
statements addressing various aspects of primary repair of
ACL injuries that were sent to the rating group for two rounds
of rating. During the second round of rating, one doctor
withdrew from the study owing to a conflict of interest. Fol-
lowing discussion and review, four statements were excluded
during the first round of voting because they were redundant.
Finally, 14 statements were evaluated, of which four achieved
unanimous support, six reached strong consensus, and four
did not achieve consensus (Table 3).

“Statement 1: ACL repair has the advantage of preserving the
native ACL tissue and restoring the native femoral footprint,
which may reduce surgical morbidity and time to recovery.”
Agree: 100%.

Modern arthroscopic surgical instrumentation has made
ACL tissue repair easier, and advancements in functional
tissue engineering and regenerative medicine have resulted in
the revival of ACL repair. Theoretically, ACL repair is less
invasive than ACL reconstruction as it does not require graft
harvesting and needs smaller bone tunnel [19-22]. Thus, it
has the potential benefits of retaining the native anatomy
with proprioceptive fibers and avoiding the risk of donor site
morbidity during graft harvest [24].

Quadriceps deficits, limited range of motion (ROM) recov-
ery, and increased posterior pain are major concerns associ-
ated with ACL reconstruction [25-27]. Previous studies have
shown that weakness of the quadriceps at three months post-
ACL reconstruction has been directly linked to the develop-
ment of patient dysfunction [28, 29], knee osteoarthritis (OA)
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Figure 1. A schematic diagram of the steps of the Delphi method applied in this study

Table 2. Demographic information of the rating group experts

North America Europe East Asia
Region, (1) 1 7 4

<50 50-100 >100
Caselyear, (n) 7 1 4

Doctor Scientist
Profession, (1) 11 1

Private hospital Teaching hospital
Position, (n) 5 7

<40 yo 40-60 yo >60 yo
Age, (n) 2 7 3

Yo, years old.

[30, 31], and a lower likelihood of returning to the same level
of sports [32, 33]. The ACL repair group experienced less
postoperative pain during the first 2 weeks after surgery and
used significantly fewer opioids than the ACL reconstruction
group [34].

Though some studies have also claimed that at 1-2-year
follow-up, comparable knee function was found following
ACL repair and ACL reconstruction [19, 35-40], there is also
some evidence to be concerned that these benefits come at
the cost of a higher failure rate. Migliorini et al. reported in a
systematic review that ACL reconstruction yielded greater
joint stability and a lower rate of failure than surgical
repair [41]. In addition, Hoogeslag et al. reported the 5-
year results of a randomized controlled clinical trial [42],
stating that it remained inconclusive whether the effectiveness
of ACL repair was non-inferior to that of all-inside single-
bundle ACL reconstruction in terms of subjective patient-
reported outcomes. Notably, the graft failure rate of all-inside

single-bundle ACL was higher than that of the standard
method [43].
(Evidence Grade: B2)

“Statement 2: The clinical indications of ACL repair include
patients who have acute proximal tear, knee laxity on physi-
cal examination, and wish to return to pivot shift activities.”
Agree: 72.73%.

In their pivotal 1991 study on ACL repair, Sherman et al.
categorized ACL tears into four distinct types based on the
location and extent of the tear [44], noting that outcomes
of repair vary with the type of tear, particularly highlighting
that mid-substance tears often fail to heal due to poor tissue
quality, whereas proximal tears show better repair outcomes
[45-47]. By 2016, van der List and DiFelice expanded this
classification to five types, identifying types I and II as most
amenable to successful repair [48], backed by literature that
supported excellent outcomes for primary repair of proximal



Table 3. Consensus statements on primary repair of ACL injury
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No. Statements

Agreement (%)

1 ACL repair has the advantage of preserving the native ACL tissue and restoring the native femoral footprint, which 100
may reduce surgical morbidity and time to recovery.

2 The clinical indications of ACL repair include patients who have acute proximal tear, knee laxity on physical 72.73
examination, and wish to return to pivot shift activities.

3 MRI is useful to confirm the tear type before the surgery. However, arthroscopic evaluation of the ACL injury is crucial 100
in the decision-making process.

4 In patients who do not require pivot shift activities, age, concomitant injury, and knee stability should be taken into 81.82
consideration for the decision making of ACL repair versus non-operative treatment.

5 In the skeletally immature population, primary ACL repair is less invasive and has less disturbance to the growth plates  81.82
comparing with ACL reconstruction. However, owing to the high rate of graft failure reported in this population, and it
should not be the gold standard.

6 ACL repair needs to be performed in the acute phase. Following failed rehabilitation, ACL reconstruction is the optimal ~ 72.73
choice.

7 When suitable cases are selected, ACL repair including internal brace augmentation can improve the mechanical 54.55
environment of the ACL tear.

8 ACL repair together with an anterolateral extra-articular procedure may reduce the re-rupture rate, but evidence is 90.91
inconclusive.

9 In the case of good indication, ACL primary repair can achieve equivalent clinical outcomes as ACL reconstruction in 81.82
the medium- to long-term among the active patients wishing to return to jumping, cutting, and pivoting sports.

10 There is limited evidence to support that biological augmentation can improve tissue healing in ACL repair. 90.91

11 High-quality evidence and long-term outcome analyses are required on the post-traumatic osteoarthritis (PTOA) 90.91
following ACL repair.

12 Age, activity level, interval from injury-to-surgery, and ACL tear pattern are risk factors that should be considered 100
when performing ACL repair.

13 Patient selection is critical and key for the success of the technique. ACL repairs are best indicated for patients with an 100
acute, proximal ACL injury with good quality ligament remnants.

14 Postoperative rehabilitation protocol of ACL repair is similar to that of ACL reconstruction and advances more quickly  64.63

depending on the individual.

ACL tears, emphasizing knee stability, patient satisfaction, and
return to sports [46, 49-53].

The timing of ACL repair, especially in the context of acute
versus chronic phase injuries, remains debated, with evidence
suggesting that tissue quality and the timing of surgery play
significant roles in the success of the repair [9, 54].

The ACL Treatment Consensus Group advocates for oper-
ative treatment for active individuals aiming to return to
high-demand sports, indicating ACL reconstruction as the
preferred method over repair, particularly in young athletes
or those participating in pivoting sports [55]. This consensus
underscores the importance of considering tear location, tissue
quality, and the patient’s activity level in deciding between
ACL repair and reconstruction, noting the limited efficacy
of repair in certain populations [56] and the underexplored
territory of arthroscopic repair in high-level athletes.

(Evidence Grade: B2)

“Statement 3: MRI is useful to confirm the tear type before the
surgery. However, arthroscopic evaluation of the ACL injury
is crucial in the decision-making process.”

Agree: 100%.

The widespread adoption of MRI technology, coming after
the shift towards ACL reconstruction for treating all types of
ACL tears [57, 58], has opened up new avenues for preop-
erative assessment of ACL injuries [59]. Modern MRI tech-
niques allow for detailed visualization of the ACL’s anatomi-
cal course, aiding in the pre-surgery evaluation of tear location
and tissue quality [60-62]. Good tissue quality is defined
as the distal ACL presenting a homogeneous low signal on
sagittal proton density-weighted images of MRI, whereas
poor quality is defined as distal ACL presenting heterogeneous
signal with fibers running in different directions [63]. Van der
List et al. demonstrated that MRI could predict the suitability

for arthroscopic primary repair of proximal ACL tears with
high accuracy, finding that 93% of patients with type I or
I tears and good tissue quality were candidates for repair
[64]. However, MRI is not infallible; accurately identifying
the specific nature of ACL disruptions, especially in the acute
phase, remains a challenge [65], and the imaging findings do
not always correlate directly with the functional status or
stability of the knee [66, 67].

Despite the advancements in imaging, the ultimate decision
on whether to proceed with ACL repair or reconstruction is
often made during arthroscopic examination. Moura et al.
proposed an evaluation technique to assess the feasibility of
ACL repair by examining the reducibility of the ACL remnant
to the femoral wall in different knee positions. This approach
allows surgeons to directly assess the condition of both the
anteromedial and posterolateral bundles of the ACL. ACL
repair can be performed if the remnant is reducible; otherwise,
ACL reconstruction is appropriate [68].

(Evidence Grade: C)

“Statement 4: In patients who do not require pivot shift
activities, age, concomitant injury, and knee stability should
be taken into consideration for the decision making of ACL
repair versus non-operative treatment.”

Agree: 81.82%.

For individuals engaging primarily in non-pivoting activ-
ities, which place less strain on the knee’s ligamentous
stabilizers, maintaining anteroposterior stability through
muscular control rather than surgical intervention is a viable
approach [69]. This is particularly true for those considered
low-demand patients, where conservative treatment and
rehabilitation, guided by a skilled physiotherapist, present
a valuable alternative. Emerging evidence suggested that
ruptured ACL may spontaneously heal after conservative
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treatment and satisfactory functional results have been
observed [12, 70, 71]. This healing tends to occur in low-
demand patients with femoral single-bundle lesions without
an increased posterior tibial slope [71, 72], though it remains
uncertain which factors predict ACL healing. Despite some
evidence of good short- to mid-term outcomes in knee
function and performance after conservative treatment,
there’s a notable reduction in activity levels post-injury, and
the long-term functionality of a healed ACL remains a matter
of debate [73].

The choice between conservative management and surgical
intervention for ACL injuries involves a complex decision-
making process that should ideally be collaborative, taking
into account the patient’s specific situation, preferences,
and the nuanced evidence available [55]. Factors such
as age, desired sports and work activities, intensity of
sporting activities, and associated lesions may inform patients
and practitioners about the possibility of non-operative
management. The lack of high-quality evidence directly
comparing the outcomes of conservative management and
ACL repair underscores the importance of personalized treat-
ment plans that align with each patient’s unique needs and
expectations.

(Evidence Grade: C)

“Statement 5: In the skeletally immature population, primary
ACL repair is less invasive and bas less disturbance to the
growth plates compared with ACL reconstruction. However,
owing to the high rate of graft failure reported in this popu-
lation, it should not be the gold standard.”

Agree: 81.82%.

The ideal treatment for ACL injury in skeletally immature
patients remains controversial. Although conservative man-
agement has been the mainstay of treatment, poor outcomes
have led to the development of several surgical techniques
aimed at stabilizing the knee, optimizing outcomes, and min-
imizing the chances of growth disturbance [74].

The evidence on the failure rate or return to sports after
ACL repair is conflicting. Steadman et al. observed 23% of
patients in a small cohort of patients aged 2-10 yo at a mean
follow-up of 6 years [75]. Contrastingly, Gagliardi ez al. found
a significantly higher failure rate in ACL repairs enhanced
with suture ligament augmentation compared to repairs using
a quadriceps tendon-patellar bone autograft [76]. Yet, Bigoni
et al. reported promising short-term outcomes for proximal
ACL avulsion tears treated with transosseous fixation, a tech-
nique favorable for its minimal impact on the growth plate
[77].

ACL reconstruction is known to cause potential damage
to the physes, which may lead to growth disturbances [78],
and has a failure rate of approximately 20% in male athletes
[79]. However, in terms of revision rates and knee laxity,
ACL reconstruction is superior to conservative treatment and
ACL repair [80]. Whether ACL repair is the gold standard for
skeletally immature populations remains debatable. Although
it appears to be less invasive initially, young age is a risk factor
for surgical failure during ACL repair.

(Evidence Grade: C)

“Statement 6: ACL repair needs to be performed in the acute
phase. Following failed rebabilitation, ACL reconstruction is
the optimal choice.”
Agree: 72.73%.

Ligament retraction and absorption have been reported to
occur within a few weeks following the ACL injury [81, 82].

As a result, it has been recommended that primary repair
of the ACL be performed within 6 weeks of the injury,
which is based mostly on animal studies that have shown
retraction of the ligament over time [37, 42, 81, 83, 84]. A
review of recent case series on arthroscopic primary repair
in pediatric patients revealed that the number of days from
injury to surgery ranged between 7 and 123 days [77, 85].
In addition, evidence has shown that adequate tissue of good
quality is the primary indication for ACL repair, which is
often observed in the subacute phase between 2 weeks and
3 months [20, 83, 86]. Vermeijden et al. compared delayed
versus acute settings of primary repair of proximal ACL
tears and found that their results were similar in clinical and
functional outcomes at a minimum 2-year follow-up [87].
Laboratory studies have shown that the remnant shows a high
healing potential within three months of the ACL injury [88].
It should be noted that surgery performed 1 week after injury
may increase the risk of arthrofibrosis because soft tissue
swelling and inflammatory responses in the knee are severe
[89].

To date, studies on the effect of preoperative rehabilita-
tion on outcomes after ACL repair are lacking. Progressive
preoperative rehabilitation, including protecting the unstable
knee, reducing swelling, maintaining quadriceps function, and
maximizing knee extension, is useful for treating the initial
impairments [90-94]. If rehabilitation does not provide a sat-
isfactory outcome, operative intervention needs to be pursued
[95]. Based on the published preoperative rehabilitation pro-
gram, the time course of rehabilitation before ACL repair will
not exceed the acute phase; however, high-quality evidence is
necessary prior to drawing conclusions.

(Evidence Grade: C)

“Statement 7: When suitable cases are selected, ACL repair,
including internal brace augmentation, can improve the
mechanical environment of the ACL tear.”

Agree: 54.55%.

There is limited evidence to support the interaction between
the internal brace augmentation technique and intra-articular
environment. Currently, available evidence on the outcomes
of internal brace augmentation for ACL repair includes only
level 3 or 4 studies [76, 96-104]. In a meta-analysis of
347 patients, the total failure rate of ACL repair with inter-
nal brace augmentation was 10.4% at a mean follow-up of
2.7 years [105]. Cruz et al. also reported a failure rate of
26.1% at a minimum of 2 years of follow-up in a highly
active military population [106]. Dabis et al. reported that
in a pediatric cohort re-operation was considered the stan-
dard care in all skeletally immature patients to release the
internal brace three months postoperatively [97]. However,
these results should be interpreted with caution, as most of the
results were from uncontrolled case series. Future randomized
controlled studies will provide more information on this
[107, 108].

(Evidence Grade: C)

“Statement 8: ACL repair, together with an anterolateral
extra-articular procedure, may reduce the re-rupture rate, but
the evidence is inconclusive.”

Agree: 90.91%.

There are concerns about the potentially high rates of
secondary ipsilateral ACL injuries with repair. A potential
solution could be the addition of a lateral extra-articular
procedure. Numerous comparative studies have reported that
this procedure is highly effective in reducing graft rupture



rates after ACL reconstruction. However, literature on ACL
repair combined with lateral extra-articular procedure is lim-
ited [109]. Level 2 evidence reported by Ferretti et al. showed
that ACL repair combined with anterolateral structure repair
yielded clinical outcomes that were noninferior to those of
ACL reconstruction plus lateral extra-articular tenodesis with
respect to function scores, knee laxity parameters, graft matu-
rity, and rates of failure and re-operation at a mean follow-
up of 25.2 months. In addition, ACL repair and anterolateral
structure repair resulted in shorter times to return to the
preinjury level of sport [110].

The addition of a lateral extra-articular procedure restores
normal knee kinematics more reliably than isolated ACL
reconstruction, and the mechanical environment and con-
straints experienced by the graft are factors that influence
the integration process [111]. Consistent with this, Cavaignac
et al. demonstrated that MRI parameters evaluating ACL graft
incorporation and maturation were favorably influenced by
adding lateral extra-articular tenodesis to ACL reconstruc-
tion [112]. However, prior to drawing the conclusion that
anterolateral extra-articular procedures may benefit patients
by improving overall performance after surgery, medium- to
long-term follow-up studies are required.

(Evidence Grade: B)

“Statement 9: In the case of good indication, ACL pri-
mary repair can achieve equivalent clinical outcomes as ACL
reconstruction in the medium- to long-term among active
patients wishing to return to jumping, cutting, and pivoting
sports.”

Agree: 81.82%.

ACL reconstruction remains the gold standard for patients
who wish to return to high activity levels. Nevertheless,
growing evidence has shown that optimal outcomes can be
expected when indications, including age, activity, special
tear type, and tissue quality, are carefully selected. Studies
have reported comparable knee function after ACL repair
and ACL reconstruction at 1-2-year follow-ups [19, 35, 37—
40,42, 113]. Compared with ACL reconstruction, individuals
undergoing ACL repair demonstrate greater limb symmetry
during a single-leg squat task three months postoperatively
[26] and quicker return of normal knee ROM with a
trend toward decreased complications [27]. Additionally, as
previously discussed in statement 3, in the skeletally immature
population, primary ACL repair is less invasive and causes less
disturbance to the growth plates than ACL reconstruction.

ACL repair has its merits in terms of the function end.
However, in terms of revision rates and knee laxity, ACL
reconstruction is superior to conservative treatment and ACL
repair [80]. Taken together, appropriate indications and joint
decision-making by the patient, doctor, and team of physician
are critical before the surgical procedure is performed, espe-
cially in patients aged <20 years.

(Evidence Grade: C)

“Statement 10: There is limited evidence to support that
biological augmentation can improve tissue bealing in ACL
repair.”

Agree: 90.91%.

Biological agents such as platelet-rich plasma (PRP) or
mesenchymal stem cells (MSCs) are used to treat partial
ruptures or enhance ligamentization following reconstruction.
The rationale for their use is to stimulate a population of

Burns & Trauma, 2025, Vol. 13, tkae079

perivascular tissue-specific stem cells in the septum between
the two bundles of the ACL to enhance ligament healing
capacity [114, 115]. Only a limited number of cohort studies
and case series have reported the application of PRP or MSCs
in ACL partial injury as a conservative treatment or combined
with ACL repair [18,116-120]. Based on the current evidence,
there is a paucity of data on the role of biologic agents
in ACL repair procedures, and the overall quality of the
available evidence is modest [121]. Furthermore, the lack of
standardization in the application methods for both PRP and
MSC:s is currently the main limitation in the interpretation of
data and study comparisons.

In recent years, there has been a growing interest in novel
augmentation techniques for ACL injuries, including both
biological agents and biomaterials, which could even be com-
bined together [122, 123]. When dealing with mid-substance
ACL tears, the BEAR technique achieved comparable out-
comes in terms of subjective scores and arthrometric measure-
ments to ACL reconstruction [19].

We still do not know which strategy is the most advan-
tageous for treating specific conditions. Biological products
should be regarded as an opportunity for clinicians; however,
their use should not be promoted without collecting sufficient
evidence on their effectiveness.

(Evidence Grade: A2)

“Statement 11: High-quality evidence and long-term out-
come analyses are required on post-traumatic osteoarthritis
(PTOA) following ACL repair.”

Agree: 90.91%.

The development of PTOA is multifactorial [124]. ACL
rupture can affect joint biomechanics and cause chondral
and meniscal lesions, thereby reducing joint sustainability.
The prevalence of PTOA was found to increase in patients
with ACL injury after both operative and nonoperative treat-
ments, compared with that in patients without injury [125-
127]. However, evidence on PTOA following operative or
non-operative treatments is inconclusive [55]. Although ACL
repair techniques have evolved in recent years, data on the
long-term outcomes of ACL repair are still lacking. An animal
study showed that controlling knee stability plays a protective
role in OA development [128]. Theoretically, ACL repair is
less invasive and has a lower donor-side morbidity. However,
whether it can restore the ACL anatomy remains debatable.
Therefore, although experimental studies have suggested that
primary repair may decrease the risk of OA compared with
ACL reconstruction [129, 130], the current lack of high-
quality evidence limits conclusions on the possible protective
effect of ACL repair.

(Evidence Grade: E)

“Statement 12: Age, activity level, interval from injury-to-
surgery, and ACL tear paitern are risk factors that should be
considered when performing ACL repair.”

Agree: 100%.

The reasons for ACL repair failure are likely multifactorial,
and the indications must be critically reviewed and refined to
reduce clinical failure.

ACL repair has been reported to have good outcomes in a
subgroup of patients with proximal tears in both historical [9,
44, 131, 132] and modern literature [20, 21, 83, 133-136].
A level II study performed by Krismer et al. demonstrated
that the location of the mid-substance ACL rupture was a
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negative predictor of repair failure [135]. Disruption of the
synovial sheath in two- or more-part tears was identified as
an independent factor that influences treatment failure in
primary ACL repair (odds ratio [OR], 8.9; 95% confidence
interval [CI], 2.0-40.0) [137].

Age was found to significantly affect patient outcomes.
The failure rate of primary repair of proximal ACL tears is
high in patients <21 years (37%), compared with that in
patients older than 21 years (2.5%) [104]. Gagliardi et al.
also reported that the cumulative incidence of graft failure in
the first 3 years after ACL repair was 48.8% in adolescent
patients [76]. Young individuals are more likely to be exposed
to environments that place high demands on the knee, which
presents the most significant risk factor for further ACL injury
[138]. This perspective is supported by studies showing that
the pursuit of competitive sports activities with a Tegner
preinjury score of >7 is another risk factor for ACL repair
failure [99, 135].

The optimal time to return-to-sports after treatment for
ACL injuries remains controversial. Vermeijden et al. reported
that patients feel ready to return to sport within the first 6
postoperative months and suggested that these early returns
were because the patients felt that their knee was “normal”
quite early on after the surgery [104]. In contrast, poor healing
of the ACL (grade 3 on MRI) at 6 months postoperatively has
a higher chance of re-rupture in adults [99]. This situation
highlights the delicate balance between positive outcomes,
such as the ability to quickly achieve the goal of returning to
sports, and the negative consequences of a premature return,
potentially contributing to repair failure [138]. The roles of
return-to-sports testing and formal return-to-play programs
have not been rigorously evaluated in the context of ACL
repair.

(Evidence Grade: B2)

“Statement 13: Patient selection is critical and key to the
success of the technique. ACL repairs are best indicated for
patients with an acute, proximal ACL injury with good-
quality ligament remnants.”

Agree: 100%.

The indications for ACL repair are critical for optimal
outcomes. Proximal tears have been reported to have good
outcomes following ACL repair in both historical [9, 44, 131,
132] and modern literature [20, 21, 83, 133-136].

Whether ACL repair should be performed during the acute
phase has been a debated topic among the panelists, and it
was discussed in the previous statement. A prolonged delay
between injury and surgery can cause retraction and scarring
of the ACL, which may lead to functional loss of healing
potential [54]. Therefore, the injury-to-surgery time interval
was regarded as an indicator of tissue quality. Thus, tear loca-
tion and tissue quality are primary concerns when performing
ACL repair. The injury-to-surgery interval is an important
indicator of tissue quality. Arthroscopic evaluation is the gold
standard for assessing tissue quality.

(Evidence Grade: B2)

“Statement 14: Postoperative rehabilitation protocol of ACL
repair is similar to that of ACL reconstruction and advances
more quickly, depending on the individual.”

Agree: 63.64%.

Postoperative rehabilitation is critical for successful recov-
ery following ACL repair and should be coordinated with the
surgical technique to regulate the strain on the healing ACL.
Therefore, the rehabilitation protocol and progression of ACL

repair should differ from those of ACL reconstruction. ACL
repair has the benefit of no donor site morbidity, resulting in
reduced pain and swelling and improved quadriceps function,
allowing for smoother progression through the early stages of
rehabilitation [139]. However, information from randomized
trials is lacking [140].

Recommendations regarding bracing, ROM restrictions,
weight-bearing status, exercise progression, and return-to-
sports among the different repair techniques vary widely
[141]. In addition, consensus on what these postoperative
protocols should entail is lacking [140, 142]. Bousquet et al.
developed a criterion-based rehabilitation progression based
on physiological healing frames for ACL primary repair [143].
Each repair technique has implications for the strength of
repair at various stages of recovery. For example, at the early
stage following surgery, DIS and IBLA are inherently stable,
whereas the suture site of the BEAR and SAR are less stable.
Therefore, the use of a brace, progression of ROM, and
weight-bearing programs should be prolonged or delayed in
BEAR and SAR [93, 139, 141].

Therefore, rehabilitation protocols should be examined
more thoroughly to establish an agreed-upon and standard-
ized program following ACL repair. Without a standardized
rehabilitation protocol, it would not be possible to compare
the outcomes following ACL repair with those following ACL
reconstruction.

(Evidence Grade: C)

Discussion

There has been a resurgence of interest in the application
of ACL repair to treat ACL deficiencies. Emerging evidence
shows comparable outcomes of ACL repair and ACL recon-
struction at short to mid-term follow-ups [19, 35, 37-40, 42,
113]. A literature review revealed that high-quality studies
and long-term follow-up on the clinical outcomes of ACL
repair are limited [42]. Therefore, it is necessary to formulate a
global consensus involving doctors specialized in the field who
have performed a large number of ACL repairs and published
several scholarly papers. Their insights and understanding are
of great value in clinical practice and decision-making.

The current consensus covered topics including surgical
indications, decision-making, diagnostic methods such as
MRI, surgical techniques, adjunctive methods, prognostic
factors, and rehabilitation after ACL repair. The consensus
provides very clear opinions on certain issues, whereas others
remain quite controversial and require more research evidence
to guide clinical work.

First, the intrinsic healing potential of ACL is a fundamental
concern prior to ACL repair [72, 88, 111, 144, 145]. In
this context, proximal tears and tissue quality are primary
indicators of successful ACL repair. Although MRI can be
used to define tear location and tissue quality, arthroscopic
inspection, and evaluation remain the gold standard.

Second, patient characteristics, such as age, activity level,
and injury-to-surgery interval, are important prognostic fac-
tors in decision-making. Some experts have claimed that ACL
repair should not be performed during the acute phase if the
tear location and tissue quality are adequate for repair [146].
Nevertheless, injury during the surgery interval is still a proxy
for tissue quality. In addition, the ideal treatment for ACL
injuries in skeletally immature patients remains controversial.
ACL repair has the advantage of avoiding epiphyseal plate dis-
ruption, and the high rate of re-rupture cannot be neglected.



Third, biological augmentation and additional surgical pro-
cedures, such as anterolateral extra-articular fixation, have
garnered great interest. Both techniques may enhance lig-
ament healing or improve joint stability; however, further
investigation is required.

ACL reconstruction inevitably causes donor site morbidity
and delays return-to-sports. The ACL repair technique has
the advantages of reduced pain and swelling during the early
phase after surgery and an earlier return-to-sports because
of the absence of a graft harvest. Nevertheless, ACL recon-
struction remains the gold standard until >35-year follow-
up on ACL repair data can show otherwise. Whether ACL
repair can prevent traumatic OA remains unclear, although
laboratory research suggests that ACL repair can maintain the
knee mechanism.

However, this consensus statement has some limitations.
The literature review identified a limited number of studies
with high levels of evidence, and the expert opinions were
mainly based on an understanding of the current studies.
Therefore, this article should not be considered a final state-
ment or guideline, as deeper insights will continue to emerge
in the future.

Conclusions

This expert consensus statement focused on surgical indica-
tions, decision-making, surgical techniques, adjunctive meth-
ods, prognostic factors, and rehabilitation following ACL
repair. Acceptable recommendations in these areas may assist
doctors and therapists in standardizing the management of
related pathologies. This consensus clearly states that tear
location and tissue quality are important for ensuring suc-
cessful ACL repair, while other factors should also be con-
sidered. ACL reconstruction remains the gold standard until
long-term follow-up data on ACL repair can demonstrate
otherwise.
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