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Abstract

Purpose: To provide a commentary on the indications and current state of
anterior cruciate ligament (ACL) repair versus ACL reconstruction (ACLR),
utilising a case-based discussion among a group of international Orthopaedic
surgeons at the 2024 Freddie Fu Panther Sports Medicine Symposium.
Methods: An electronically distributed survey was provided to participants of the
2024 Freddie Fu Panther Sports Medicine Symposium during the meeting with
questions regarding their indications for a primary ACL repair and their views on
rehabilitation, return to sport, and complications after ACL repair. Three cases
were discussed, the results of the surveys were recorded, and a post-case
discussion followed to reach a consensus during the case resolutions.
Results: Fifty-nine participants replied to the surveys during the sympo-
sium's ‘Repair versus Reconstruction’ session. For acute, complete, proxi-
mal ACL tears (modified Sherman classification |) in active patients older
than 50 years, 34% of the participants would treat nonoperatively, 61% of
the participants would treat with ACLR, and 5% of the participants would
treat with primary ACL repair. For the same case in a 17-year-old patient,
3% of the participants would treat non-operatively, 90% of the participants
would treat with ACLR, and 7% of the participants would treat with primary
ACL repair. Bone-patellar tendon-bone autograft was most commonly
selected for young patients (51%), while allografts were used in older pa-
tients (13.5%), and synthetic grafts were rarely considered.

Conclusion: Consensus was achieved on ACLR as the standard of care for
young patients (90%). Treatment choices in patients over 50 years were
more variable (61% ACLR, 34% non-operative and 5% ACL repair). Based
on the survey results, ACL repair remains a procedure with limited indica-
tions. Future clinical research is necessary to understand long-term clinical
outcomes of ACL repair and to compare the clinical efficacy of ACL repair
with ACLR or non-operative treatment.

Abbreviations: ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament reconstruction; BEAR, bridge-enhanced anterior cruciate ligament repair; BPTB,
bone-patellar tendon-bone; DIS, dynamic intraligamentary stabilisation; HT, hamstring tendon; IKDC, International Knee Documentation Committee; MRI, magnetic
resonance imaging; QT, quadriceps tendon; RCT, randomised controlled trial.
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PRIMARY ACL REPAIR HAS LIMITED ADOPTION AMONG EXPERTS

Level of Evidence: Level V.
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INTRODUCTION

Anterior cruciate ligament (ACL) tears are commonly
treated with single-bundle ACL reconstruction (ACLR)
using autograft or allograft, with graft choice influenced by
patient-specific factors such as age, gender, and activity
level [26, 30, 38]. Recent studies emphasise anatomic
graft placement at native femoral and tibial attachment
sites, demonstrating superior knee stability and function
compared to non-anatomic positioning [5, 7, 33].

While ACLR is the gold standard in treatment of
ACL tears, there has been a growing interest in ACL
repair as an alternative treatment method. Historically,
outcomes after ACL repair were variable [10, 11, 22,
27, 31, 37]. The low rate of ACL healing is thought to be
multifactorial, with negative predictors including an
unfavourable intra-articular biological environment and
compromised ligament blood supply after injury,
although tears located proximally demonstrate a better
healing capacity [34, 36].

Recently, renewed interest in surgical techniques
and biologics research has led to numerous studies
evaluating short-term clinical outcomes of ACL repair
[1, 6, 8, 9, 17, 35, 39, 41, 43]. Various techniques,
including suture anchor fixation, suture tape augmen-
tation, and dynamic intraligamentary stabilisation (DIS),
and bridge-enhanced anterior cruciate ligament repair
(BEAR), have been investigated as potential alter-
natives to ACLR, particularly in select cases of proximal
ACL tears [1, 6, 8, 9, 35, 39]. Suture anchor repair,
often combined with biologic augmentation, aims to
restore native ligament continuity, while suture tape
augmentation techniques use additional fibre tape
constructs to reinforce the primary ACL repair. DIS,
which relies on continuous dynamic stabilisation of the
ACL during healing, has also shown promising bio-
mechanical and early clinical results [35, 39]. BEAR
utilises a bioengineered collagen scaffold combined
with autologous blood to support ACL healing by pro-
moting tissue regeneration within the native ACL
structure. This approach seeks to preserve native lig-
ament fibres while enhancing biological healing [3, 29].
A randomised controlled trial (RCT) on BEAR demon-
strated that the BEAR technique is non-inferior to
autograft ACLR at two years post-procedure [29].
Indications for ACL repair are generally limited to
carefully selected cases, particularly acute proximal
ACL tears with good tissue quality, minimal retraction,
and sufficient blood supply to support healing [1, 6, 8,
35, 39]. Patients with significant concomitant knee

injuries, such as full-thickness chondral damage or
severe collateral ligament tears, are generally excluded
from these approaches.

There is short term clinical evidence on ACL repair in
patients over 30 years, with studies reporting a minimum
follow-up of 2 years [13, 32]. However, indications
remain controversial due to the scarcity of long-term
results and unpredictable outcomes, particularly in high-
demand populations, and therefore uncertainty persists
regarding (1) long term clinical outcome or (2) ACL repair
in young athletes. Therefore, the purpose of this study
was to present the trends and criteria for primary ACL
repair discussed by a global consortium of experts during
the 2024 Freddie Fu Panther Sports Medicine Sympo-
sium. Additionally, the goal was to develop consensus for
the role of ACL repair compared to ACLR.

MATERIALS AND METHODS
Study group and survey administration

This was a cross-sectional study design of a multi-
disciplinary global consortium of clinical and research
experts on ACL biology, injury, and treatment/rehabilita-
tion. The experts participated in the 2024 Freddie Fu
Panther Sports Medicine Symposium from 6-8 June 2024
at the University of Pittsburgh Medical Center in Pitts-
burgh, Pennsylvania. During the symposium, a case-
based session was held to discuss the role of ACL repair
in the setting of ACL injury. Following three case presen-
tations with relevant clinical history, physical examination
findings, and imaging, participants completed an anony-
mous, internet-based survey discussing diagnostic, treat-
ment, and rehabilitation options. This process was
repeated for all three cases. At the conclusion of the case
presentations, the results of the surveys were recorded
and a post-case discussion followed to reach consensus
during the case resolutions. Satisfactory consensus was
defined as 80% agreement, previously defined as the
minimum acceptable interrater agreement [28].

Survey design

The survey was developed to include questions
(Supporting Information: S1) evaluating the role of ACL
repair as a treatment strategy for ACL injury. Three cases
were presented to the symposium members (Figures 1-3).
Cases varied based on patient age, mechanism of injury,
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FIGURE 1 Case 1, Sagittal view of (a) knee radiograph, (b) knee MRI, (c) arthroscopic view of a proximal ACL tear, illustrating the torn
ligament fibres near their femoral attachment. Case 1: 53 year-old male patient, 1 week status post twisting right knee injury while practicing
Jiu-Jitsu, moderate effusion of the knee, no lateral or medial joint line tenderness, range of motion 0°~140°, Lachman IIB, modified Sherman
classification type 1. ACL, anterior cruciate ligament; MRI, magnetic resonance imaging.

FIGURE 2 Case 2, Sagittal view of (a) knee radiograph, (b) knee MRI, (c) arthroscopic view of a proximal ACL tear, illustrating the torn
ligament fibres near their femoral attachment. Case 2: 58 year-old male patient, 2 weeks status post right knee injury while skiing, mild effusion
of the knee, no lateral or medial joint line tenderness, range of motion 0°~120°, Lachman IIB, modified Sherman classification type 1. ACL,
anterior cruciate ligament; MRI, magnetic resonance imaging.

FIGURE 3 Case 3, Sagittal view of (a) knee radiograph, (b) knee MRI, (c) arthroscopic view of a proximal ACL tear, illustrating the torn
ligament fibres near their femoral attachment. Case 3: 17 year-old male patient, 2 days status post twisting left knee injury while playing soccer,
moderate effusion of the knee, no lateral or medial joint line tenderness, range of motion 0°-110°, Lachman IIB, modified Sherman classification
type 1. ACL, anterior cruciate ligament; MRI, magnetic resonance imaging.
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TABLE 1 Summary of clinical characteristics of presented cases. participants preferred autograft ACLR. Twenty-one
Case 1 Case 2 Case 3 (35.5%) selected hamstring tendon (HT) autograft, 6
(10%) quadriceps tendon (QT) autograft, and 1 (2%)
Age (years) 53 58 17 bone-patellar tendon-bone (BPTB) autograft. Non-
Activity level Active Active Competitive operative management was chosen by 20 (34%) par-

e ! o
Sport Jiu-ditsu Sking  Soccer gc(lg%)tsc;pvt\;hc;lio? ,£\1C:;3|;5r§;)3 ;ﬁlected allograft ACLR and
Mechanism of injury  Twisting Fall Twisting injury With respect to ACL tear anatomy, 13 (22%) of the
injury participants agreed with considering ACL repair for a
Time since injury 1 week 2 weeks 2 days proximal tear, 12 (20%) neither agreed nor disagreed,
. . and 34 (58%) disagreed. The use of synthetics and
Knee effusion Moderate Mild Moderate biologics for ACL rupture was rejected by 52 (88%) of
Range of motion (°) ~ 0-140 0-120  0-110 participants, while 7 (12%) selected suture augmenta-
Leahmem ies B B B tion, biologic scaffold, or synthetic mesh reinforcement.
o Regarding the impact of patient age on return-to-

Sherman classification  Type 1 Type 1 Type 1

and the specific morphology of the ACL tear, categorised
using the modified Sherman classification [40]. This clas-
sification system categorises ACL tears into five types
based on the length of the distal remnant relative to the
total ligament length: Type 1 represents proximal avulsion
tears (distal remnant length >90% of the ligament), Type 2
includes proximal tears (75%—-90%), Type 3 refers to mid-
substance tears (25%-75%), Type 4 represents distal
tears (10%—25%) and Type 5 includes distal avulsion tears
(<10%) [37, 40].

A summary of the clinical details of the presented
cases is provided in Table 1.

At the conclusion of each case, a QR code was
provided for participants to complete the anonymous,
internet-based survey. Answers were saved automati-
cally and participants could not change their answers.
The moderators had the ability to determine if there
was a repeat survey response, allowing for deletion of
any duplicate responses.

Statistical analysis

Continuous variable data were presented as means
and standard deviations. Categorical data were col-
lected and displayed as proportions and percentages.
A power analysis was not performed given the use of
survey data, although including responses from 59
clinical and research experts provides a considerable
dataset size for conclusions about trends and criteria
for primary ACL repair versus ACLR.

RESULTS

There were 59 responses from the global consortium of
experts. For Cases 1 and 2, which involved highly
active patients over 50 years of age, 28 (47.5%) of the

sport and rehabilitation in Cases 1 and 2, 44 (74%)
agreed, 8 (14%) disagreed, and 7 (12%) neither agreed
nor disagreed.

For Case 3, 57 (97%) of the participants preferred
operative treatment. ACLR was chosen by 53 (91%),
while 4 (7%) selected ACL repair. Among graft options,
BPTB autograft was the most common (30 participants,
51%), followed by QT (12 participants, 20%) and HT
autograft (11 participants, 19%). Non-operative man-
agement was selected by 2 (3%) participants. Re-
garding the influence of patient age in Case 3 on
return-to-sport and rehabilitation, 39 (67%) agreed, 10
(17%) disagreed, and 10 (17%) neither agreed nor
disagreed (Table 2).

Twenty-eight (47.5%) of the participants disagreed
or strongly disagreed that ACL repair allows for faster
rehabilitation and earlier return to sport compared to
ACLR, while 13 (22%) agreed or strongly agreed.
Additionally, 19 (32%) of the participants believed ACL
repair would result in less stiffness and cyclops for-
mation, while 13 (22%) disagreed and 27 (46%) neither
agreed nor disagreed.

DISCUSSION

The main findings of this study were that, among a
group of experienced international Orthopaedic sur-
geons, ACLR remains the preferred treatment
approach for both young and older active patients with
complete proximal ACL tears, although there was var-
iability in treatment preferences based on patient age.
Specifically, there was a strong consensus for ACLR as
the preferred treatment for a 17-year-old patient,
reinforcing its role as the standard of care for young,
active individuals. In contrast, treatment choices for
patients over 50 years of age varied, with ACLR being
the most common approach, followed by non-operative
management, while ACL repair remained a less fre-
quent option. Moreover, the majority of participants did
not support the use of synthetic or biologic augmenta-
tions for ACL repair, and there was limited agreement
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TABLE 2 ACL repair versus ACLR.

Survey question

What is your preferred management strategy for these patients?
ACLR with HS autograft
ACLR with QT autograft
ACLR with BPTB autograft
ACLR with allograft
Non-operative
ACL repair

| would consider an ACL repair in these patients with a femoral
sided ACL tear

Strongly agree
Agree
Neither agree nor disagree
Disagree
Strongly disagree
Do you consider any synthetics for these ACLs?
Yes

No

Respondents n (%) (Cases 1 & 2)

5
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Respondents n (%) (Case 3)

21 (35.5%) 11 (19%)
6 (10%) 12 (20%)
1(2%) 30 (51%)
8 (13.5%) 0 (0%)

20 (34%) 2 (3%)

3 (5%) 4 (7%)

5 (8.5%) 2 (3%)

8 (13.5%) 5 (8.5%)
12 (20%) 0 (0%)

21 (36%) 15 (25.5%)
13 (22%) 37 (63%)
7 (12%) 5 (8.5%)
52 (88%) 54 (91.5%)

Abbreviations: ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament reconstruction; BPTB, bone-patellar tendon-bone; HS, hamstring tendon;

QT, quadriceps tendon.

on the ability of ACL repair to offer faster rehabilitation
or reduced complications compared to ACLR. These
findings highlight the sustained preference for ACLR,
especially in young athletes, while also indicating a
need for further research to clarify the long-term out-
comes and optimal indications for ACL repair.

Earlier studies from the 1970s reported that at
two years follow up, ACL repair was successful in many
patients and failure occurred in less than 20% of pa-
tients. However, only three years later almost all pa-
tients experienced instability and reinjury [11, 12].
Similarly, subsequent studies revealed high failure
rates, persistent anteroposterior knee laxity, and
unpredictable outcomes during the long-term follow-up
[10, 11, 22, 27, 31, 37]. The high failure rates and
inconsistent long-term outcomes of early ACL repair
techniques led to the widespread adoption of ACLR,
which has since demonstrated more reliable and pre-
dictable results, with failure rates under 10% [4, 14, 25].
Recently, new surgical techniques for proximal ACL
tears have led to encouraging early results in ACL
repair [2, 18, 21].

This study showed that in young athletes with a
proximal ACL tear, only 11.5% of the participants would
consider primary ACL repair. Future research is
needed for high level studies with long term clinical
outcome. A 2020 systematic review and meta-analysis
of over 13 studies involving more than 1100 patients

found that arthroscopic primary ACL repair for proximal
ACL tears had a failure rate between 7% and 11%,
leading the authors to conclude that primary ACL repair
is a viable option for these injuries [42]. However, the
main limitation, as cited in a separate 2020 systematic
review of 31 articles including over 2400 patients, was
that the clinical and patient-reported outcomes are
difficult to interpret given the low quality of evidence,
small sample size, short-term follow up, with most
studies reporting a minimum of 24 months and others
at least 12 months, and retrospective nature of the
majority of the included studies [19].

Additionally, recent studies [15, 44] in the literature
have failed to evaluate the role of ACL repair in youn-
ger individuals, an entirely separate cohort that must be
considered. A recent retrospective, age-stratified study
found that while patients older than 21 years had
acceptable outcomes after ACL repair (with failure
rates of 4.2% and 3.2% in the middle and older age
groups, respectively), those aged 21 years or younger
experienced a failure rate approaching 40%, necessi-
tating further consideration before attempting ACL
repair [44]. In a separate study evaluating the role of
ACL repair with suture augmentation in adolescent
patients, short-term outcomes revealed a failure rate of
nearly 50% [15]. More recent data have demonstrated
a higher failure rate and revision after ACL repair
compared to ACLR in patients younger than 21 years
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of age [13, 32]. A systematic review and meta-analysis
comparing ACL repair (primary repair, dynamic in-
traligamentary stabilisation [DIS], and BEAR) to ACLR
with a focus on age as a risk factor found that ACL
repair in skeletally mature patients younger than
21 years old was associated with a six-fold increased
risk of revision ACLR compared to ACLR [32].

The literature on ACL repair remains largely un-
favourable, as evidenced by a recent 2024 meta-
analysis [24], which included prospective randomised
studies with 24- to 60-month follow-up [16, 20, 23, 29],
demonstrating that while ACL repair yielded similar
IKDC subjective scores to ACLR, it was associated with
higher rates of failure, reoperation, and hardware
removal. While the 2024 Freddie Fu Panther Sports
Medicine Symposium did not reach consensus on the
appropriateness of ACL repair in younger cohorts, the
variability in responses, the lack of high-level studies,
and the preliminary data showing high failure rates
suggest further research is needed before its imple-
mentation within the Orthopaedic community.

Regardless of a patient's age, the patients with
lower activity levels or those participating in sports not
requiring significant rotational stability could potentially
benefit from ACL repair. This was reflected in the sur-
vey responses, where non-operative management and
ACL repair were preferred amongst 40% of the con-
sortium for the Jiu Jitsu athlete and skier (Case 1 and 2,
respectively), compared to just 10% for the female
soccer player (Case 3).

More research is needed in the field of orthobiolo-
gics. The BEAR technique for ACL repair was found to
be noninferior to ACLR (HS or BPTB autograft) at
2-year follow-up [29]. There was no statistically differ-
ent but clinically different failure rate in retear rate
requiring a second ipsilateral ACL surgery between the
two groups (14% failure with BEAR, 6% failure with
ACLR). There is currently an ongoing multicenter RCT
comparing BEAR with ACLR with BPTB autograft [3].

This study has a few limitations. The use of survey
data allowed an expert panel of Orthopaedic surgeons
to offer independent assessments of case scenarios
based on their clinical experience. However, the reli-
ance on survey data limits the ability to perform sta-
tistical comparisons and may introduce self-reporting
biases, including the potential for over- or under-
estimation of treatment practices. Additionally, the
responses were collected anonymously through a QR
code survey, meaning the demographics of the
respondents, beyond the expert panel group, are not
available. This lack of detailed demographic data pre-
vents a deeper understanding of how factors such as
geographical location or the specific patient popula-
tions and sports commonly treated might have influ-
enced the responses. It is possible that the results
could differ in a more homogenous group, such as one

PRIMARY ACL REPAIR HAS LIMITED ADOPTION AMONG EXPERTS

consisting solely of surgeons from a single region or
specialty focus. The cases presented in this study
reflect the exact details provided during the expert
panel discussion. These discussions were based on
predefined case information to facilitate a structured
consensus process. While additional clinical factors
may influence treatment decisions in practice, the
recommendations in this study were formed based on
the information available during the symposium.
Another key limitation is the lack of high-quality studies
evaluating ACL repair and ACLR outcomes in patients
over 50 years of age. Future research should focus on
long-term functional outcomes, failure rates, and
return-to-function in this population to better inform
treatment decisions. Despite these limitations, the
study provides valuable insights into trends and criteria
for clinical decision-making among a diverse panel of
experts.

CONCLUSION

This study investigated current treatment choices for
acute proximal ACL tears. While consensus was
reached on ACLR as the standard of care for young
patients (90%), treatment choices in older patients
were more variable (61% ACLR, 34% non-operative
and 5% ACL repair). Although primary ACL repair has
shown promising results in select patients over
30 years of age, further research is needed to establish
its long-term effectiveness and define its role relative to
ACLR and non-operative treatment. The 2024 Freddie
Fu Panther Sports Medicine Symposium panel em-
phasised the importance of future studies to clarify
optimal indications for ACL repair and compare its
outcomes with non-operative management in select
patients.
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