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Abstract 
Anterior cruciate ligament (ACL) tear is one of the most common sport-related injuries and the request for ACL recon-
structions is increasing nowadays. Unfortunately, ACL graft failures are reported in up to 34.2% in athletes, represent-
ing a traumatic and career-threatening event. It can be convenient to understand the various risk factors for ACL 
failure, in order to properly inform the patients about the expected outcomes and to minimize the chance of poor 
results. In literature, a multitude of studies have been performed on the failure risks after ACL reconstruction, but the 
huge amount of data may generate much confusion.

The aim of this review is to resume the data collected from literature on the risk of graft failure after ACL reconstruc-
tion in athletes, focusing on the following three key points: individuate the predisposing factors to ACL reconstruction 
failure, analyze surgical aspects which may have significant impact on outcomes, highlight the current criteria regard-
ing safe return to sport after ACL reconstruction.
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Introduction
Anterior cruciate ligament (ACL) tear is one of the most 
common sport-related injuries, involving about 3% of 
amateur athletes every year, and up to 15% of elite ath-
letes per year [87]. !e international literature unani-
mously agrees on the importance of performing surgical 
reconstruction in active patients, in order to properly 
restore the joint kinematics, preserve the intraarticular 
knee structures and increase the likelihood to resume 
preinjury sport activities [50, 58, 101].

Despite the recent advances in arthroscopic equipment, 
understanding knee biomechanics and surgical tech-
niques, unfortunately ACL reconstruction is not always 
successful, but a significant number of patients (10% to 
15%) [116] reports unsatisfactory outcomes. Previous 
systematic reviews reported only 60% of amateur athletes 
[5] and 83% of elite athletes [62] returned to their prein-
jury sport level after ACL reconstruction. Graft failure is 
one of the main determinants of outcomes, representing 
a traumatic and career-threatening event in athletes. In 
a meta-analysis involving 1272 elite athletes, the pooled 
failure rate was estimated in 5.2% (range 2.8% - 19.3%) 
[62], but this rate has been shown to grow up to 34.2% 
when including high-risk cohorts like younger athletes 
[142]. !e outcomes after revision ACL reconstructions 
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- Predisposing factors to ACL reconstruction failure

- Surgical aspects which may have significant impact on outcomes, and 

- Current criteria regarding safe return to sport after ACL reconstruction
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Predisposing factors: Age

Risk graft failure:

< 20y x3 vs 20-30y

< 20y x4 vs 30-40y

< 20y x8 vs >40y

Rahardja R, Zhu M, Love H, Clatworthy MG, Monk AP, Young SW (2020) Factors associated
with revision following anterior cruciate ligament reconstruction: a systematic review of 
registry data. Knee 27(2):287–299 
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Predisposing factors: Sex

No differences beetween

male or female

Tan SH, Lau BP, Khin LW, Lingaraj K (2016) The importance of patient sex in the 
outcomes of anterior cruciate ligament reconstructions: a systematic review and Meta-
analysis. Am J Sports Med 44(1):242–254 
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Predisposing factors: Anatomical factors

- high value of lateral tibial slope

- small intercondylar notch (parameter discussed)

Re-rupture



Joints 2019;7:78–83. 



- Technical errors (improper tunnel placement, inadequate ACL

graft, insufficient graft tensioning)

- Missing diagnosis or improper management of concomitant

lesions/laxity (15% ACL failure; Samitier G et al, 2015)

Surgical factors Re-rupture



Concomitant lesions

- Ramp lesion

- Posterior root tear of lateral meniscus

- ALL repair / Lateral Extra-articular Tenodesis (LET) procedures

- Management of MCL and PLC injury

- Other tears of lateral and medial meniscus repair

Posterior meniscal 
esternal root tear ALL
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Concomitant lesions
Predictors of Graft Failure in Young Active
Patients Undergoing Hamstring Autograft
Anterior Cruciate Ligament Reconstruction
With or Without a Lateral Extra-articular
Tenodesis

The Stability Experience

Andrew D. Firth, MSc, Dianne M. Bryant, MSc, PhD, Robert Litchfield, MD,
Robert G. McCormack, MD, Mark Heard, MD, Peter B. MacDonald, MD,
Tim Spalding, FRCS, Peter C.M. Verdonk, MD, PhD, Devin Peterson, MD, Davide Bardana, MD,
Alex Rezansoff, MD, STABILITY Study Group, and Alan M.J. Getgood,* MD
Investigation performed at the Fowler Kennedy Sport Medicine Clinic,
Western University, London, Ontario, Canada

Background: Anterior cruciate ligament (ACL) reconstruction (ACLR) has higher failure rates in young active patients returning to
sports as compared with older, less active individuals. Augmentation of ACLR with an anterolateral procedure has been shown to
reduce failure rates; however, indications for this procedure have yet to be clearly defined.

Purpose/Hypothesis: The purpose of this study was to identify predictors of ACL graft failure in high-risk patients and determine
key indications for when hamstring ACLR should be augmented by a lateral extra-articular tenodesis (LET). We hypothesized that
different preoperative characteristics and surgical variables may be associated with graft failure characterized by asymmetric
pivot shift and graft rupture.

Study Design: Case-control study; Level of evidence, 3.

Methods: Data were obtained from the Stability 1 Study, a multicenter randomized controlled trial of young active patients under-
going autologous hamstring ACLR with or without a LET. We performed 2 multivariable logistic regression analyses, with asym-
metric pivot shift and graft rupture as the dependent variables. The following were included as predictors: LET, age, sex, graft
diameter, tear chronicity, preoperative high-grade knee laxity, preoperative hyperextension on the contralateral side, medial me-
niscal repair/excision, lateral meniscal repair/excision, posterior tibial slope angle, and return-to-sports exposure time and level.

Results: Of the 618 patients in the Stability 1 Study, 568 with a mean age of 18.8 years (292 female; 51.4%) were included in this
analysis. Asymmetric pivot shift occurred in 152 (26.8%) and graft rupture in 43 (7.6%). The addition of a LET (odds ratio [OR],
0.56; 95% CI, 0.37-0.83) and increased graft diameter (OR, 0.62; 95% CI, 0.44-0.87) were significantly associated with lower odds
of asymmetric pivot shift. The addition of a LET (OR, 0.40; 95% CI, 0.18-0.91) and older age (OR, 0.83; 95% CI, 0.72-0.96) sig-
nificantly reduced the odds of graft rupture, while greater tibial slope (OR, 1.15; 95% CI, 1.01-1.32), preoperative high-grade knee
laxity (OR, 3.27; 95% CI, 1.45-7.41), and greater exposure time to sport (ie, earlier return to sport) (OR, 1.18; 95% CI, 1.08-1.29)
were significantly associated with greater odds of rupture.

Conclusion: The addition of a LET and larger graft diameter were significantly associated with reduced odds of asymmetric pivot shift.
Adding a LET was protective of graft rupture, while younger age, greater posterior tibial slope, high-grade knee laxity, and earlier return
to sport were associated with increased odds of graft rupture. Orthopaedic surgeons should consider supplementing hamstring auto-
graft ACLR with a LET in young active patients with morphological characteristics that make them at high risk of reinjury.

Keywords: anterior cruciate ligament reconstruction; lateral extra-articular tenodesis; predictors; ACLR failure

There are many studies detailing the successful outcome of
anterior cruciate ligament (ACL) reconstruction (ACLR); how-
ever, there are also many reports of unsatisfactorily high
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Lateral Meniscal Posterior Root
Repair With Anterior Cruciate
Ligament Reconstruction Better
Restores Knee Stability

Xin Tang,*y MD, Brandon Marshall,z MS, Joon Ho Wang,* MD, Junjun Zhu,z MS,
Jian Li,y MD, Patrick Smolinski,*z PhD, and Freddie H. Fu,*z§ MD, DSc (Hon), DPs (Hon)
Investigation performed at the Department of Orthopaedic Surgery,
University of Pittsburgh, Pittsburgh, Pennsylvania, USA

Background: The effect of lateral meniscal posterior root tear and repair—commonly seen in clinical practice in the setting of
anterior cruciate ligament (ACL) reconstruction—is not known.

Purpose/Hypothesis: This study evaluated the effect of tear and repair of the lateral meniscal posterior root on the biomechanics
of the ACL-reconstructed knee. It was hypothesized that anterior tibial translation would increase under anterior loading and sim-
ulated pivot-shift loading with the root tear of the posterior lateral meniscus, while repair of the root tear would reduce it close to
the noninjured state.

Study Design: Controlled laboratory study.

Methods: Thirteen fresh-frozen adult human knees were tested with a robotic testing system under 2 loading conditions: (1) an
89.0-N anterior tibial load applied at full extension and 15!, 30!, 60!, and 90! of knee flexion and (2) a combined 7.0-N!m valgus
and 5.0-N!m internal tibial torque (simulated pivot-shift test) applied at full extension and 15! and 30! of knee flexion. The following
knee states were tested: intact knee, ACL reconstruction and intact lateral meniscus, ACL reconstruction and lateral meniscal
posterior root tear, and ACL reconstruction and lateral meniscal posterior root repair.

Results: In the ACL-reconstructed knee, a tear of the lateral meniscal posterior root significantly increased knee laxity under anterior
loading by as much as 1 mm. The transosseous pullout suture root repair improved knee stability under anterior tibial and simulated
pivot-shift loading. Root repair improved the ACL graft force closer to that of the native ACL under anterior tibial loading.

Conclusion: Lateral meniscal posterior root injury further destabilizes the ACL-reconstructed knee, and root repair improves knee
stability.

Clinical Relevance: This study suggests a rationale for surgical repair of the lateral meniscus, which can restore stability close to
that of the premeniscal injury state.

Keywords: lateral meniscus; posterior root tear; pullout suture; ACL reconstruction; knee kinematics

The meniscal root attachment is critical to meniscal func-
tion, as it is the main restrictor of meniscal extrusion
under axial load.20 A meniscal root tear is defined as an
avulsion injury of the meniscotibial ligament or a radial
tear of the meniscus within 1 cm from its insertion
site.14,23 Medial meniscal root tears are rare and usually
the result of degenerative meniscal disease.7,19 However,
lateral meniscal root tears are usually traumatic, occur-
ring among approximately 7% to 12% of patients with
anterior cruciate ligament (ACL) injuries.2,3,8,11,16,41 Cur-
rently, the treatment for a lateral meniscal posterior root
tear is controversial, and the clinical advantages of root
repair over nonsurgical treatment are not known.3,5,38

For the medial meniscus, biomechanical studies found
that complete root tears have the same detrimental
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Concurrent Repair of Medial Meniscal Ramp Lesions
and Lateral Meniscus Root Tears in Patients
Undergoing Anterior Cruciate Ligament
Reconstruction: The “New Terrible Triad”

Christopher M. LaPrade, M.D., Morgan D. Homan, D.O., Jay Moran, B.S.,
Nicholas I. Kennedy, M.D., and Robert F. LaPrade, M.D., Ph.D.

Abstract: Recent studies have suggested that up to 8% of patients with anterior cruciate ligament (ACL) tears can present
with a combined medial meniscal ramp lesion (MMRL) and lateral meniscus root tear (LMRT). MMRLs and LMRTs often
are missed preoperatively and can increase the risk of ACL graft failure if left untreated. Given the potential synergistic
biomechanical consequences and challenging repair techniques used for treatment, our group commonly refers to this
presentation (MMRL-LMRT-ACL) as the “new terrible triad” of ACL pathology. This Technical Note aims to describe a
systematic approach for arthroscopic assessment and our preferred inside-out and transtibial pull-out repair techniques to
efficiently diagnose and treat a combined MMRL and LMRT at the time of ACL reconstruction surgery.

Medial meniscal ramp lesions (MMRLs) and lateral
meniscus root tears (LMRTs) are injuries that

typically are described individually in patients with
acute anterior cruciate ligament (ACL) tears.1,2 How-
ever, recent studies have suggested that up to 8% of
patients with ACL tears can present with a combined
MMRL and LMRT, although further studies are needed
to confirm these findings.2-4 Although preoperative
magnetic resonance imaging (MRI) can be useful for

diagnosing these meniscal injuries, DePhillipo et al.5

and Krych et al.6 reported sensitivities of 48% and
33% for the detection of MMRLs and LMRTs on MRI,
respectively. As a result, these injuries frequently are
missed preoperatively and require a thorough arthro-
scopic assessment at the time of ACL reconstruction
surgery.7,8

In ACL-deficient knees, biomechanical studies have
demonstrated that the presence of MMRLs increases
the degree of anterior tibial translation and external
rotation.9-11 Clinically, repair of MMRLs can restore
these increased laxities when compared with isolated
ACL injuries.2,9 Similar to MMRLs, cadaveric studies
have demonstrated that an LMRT has important rota-
tional and translational effects on both an ACL-
deficient and an ACL-reconstructed knee.12-14 As
such, ignoring or missing a MMRL or LMRT at the
time of ACL reconstruction may increase the risk of
postoperative graft failure.9-11 Although these
consequences have been reported individually,
missing a combined MMRL and LMRT may confer an
even greater risk of ACL graft failure. In addition to
being frequently missed and difficult to diagnose,
surgical treatment is technically challenging, and
reports on concurrent repair techniques are limited.3,4

Given the unique characteristics of this injury pattern,
our group commonly refers to this presentation
(MMRL-LMRT-ACL) as the “new terrible triad” of ACL
pathology.
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sports as compared with older, less active individuals. Augmentation of ACLR with an anterolateral procedure has been shown to
reduce failure rates; however, indications for this procedure have yet to be clearly defined.

Purpose/Hypothesis: The purpose of this study was to identify predictors of ACL graft failure in high-risk patients and determine
key indications for when hamstring ACLR should be augmented by a lateral extra-articular tenodesis (LET). We hypothesized that
different preoperative characteristics and surgical variables may be associated with graft failure characterized by asymmetric
pivot shift and graft rupture.

Study Design: Case-control study; Level of evidence, 3.

Methods: Data were obtained from the Stability 1 Study, a multicenter randomized controlled trial of young active patients under-
going autologous hamstring ACLR with or without a LET. We performed 2 multivariable logistic regression analyses, with asym-
metric pivot shift and graft rupture as the dependent variables. The following were included as predictors: LET, age, sex, graft
diameter, tear chronicity, preoperative high-grade knee laxity, preoperative hyperextension on the contralateral side, medial me-
niscal repair/excision, lateral meniscal repair/excision, posterior tibial slope angle, and return-to-sports exposure time and level.

Results: Of the 618 patients in the Stability 1 Study, 568 with a mean age of 18.8 years (292 female; 51.4%) were included in this
analysis. Asymmetric pivot shift occurred in 152 (26.8%) and graft rupture in 43 (7.6%). The addition of a LET (odds ratio [OR],
0.56; 95% CI, 0.37-0.83) and increased graft diameter (OR, 0.62; 95% CI, 0.44-0.87) were significantly associated with lower odds
of asymmetric pivot shift. The addition of a LET (OR, 0.40; 95% CI, 0.18-0.91) and older age (OR, 0.83; 95% CI, 0.72-0.96) sig-
nificantly reduced the odds of graft rupture, while greater tibial slope (OR, 1.15; 95% CI, 1.01-1.32), preoperative high-grade knee
laxity (OR, 3.27; 95% CI, 1.45-7.41), and greater exposure time to sport (ie, earlier return to sport) (OR, 1.18; 95% CI, 1.08-1.29)
were significantly associated with greater odds of rupture.

Conclusion: The addition of a LET and larger graft diameter were significantly associated with reduced odds of asymmetric pivot shift.
Adding a LET was protective of graft rupture, while younger age, greater posterior tibial slope, high-grade knee laxity, and earlier return
to sport were associated with increased odds of graft rupture. Orthopaedic surgeons should consider supplementing hamstring auto-
graft ACLR with a LET in young active patients with morphological characteristics that make them at high risk of reinjury.
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568 with a mean age of 18.8 years (292 female; 51.4%) 

Graft rupture in 43 (7.6%) 



The available evidence in literature is mixed on which graft type is associated with a higher risk of

graft failure and revision ACL reconstruction

- Similar failure rates between BPTB (2.2%) and hamstring autografts (2.5%) (DeFazio MW et al,

2020)

- QT grafts have comparable graft survival rate to BPTB and hamstring (Mouarbes D et al, 2019)

Graft choice Re-rupture



Safe return to sport

- The risk of sustaining a second ACL injury is highest during
the early period after return to sport (RTS), especially
during the first year after the index reconstruction

- Delaying RTS at 9 months after ACL reconstruction may
reduce reinjury risk by 84% (specifically, the reinjury rate  
was reduced by 51% for every month delay for up to 9 
months, beyond which no further risk reduction was
observed)

- To be considered all the criteria for RTS (stability,strength,etc.)

Grindem H, Snyder-Mackler L, Moksnes H, Engebretsen L, Risberg MA (2016) Simple decision rules can reduce 
reinjury risk by 84% after ACL reconstruction: the Delaware-Oslo ACL cohort study. Br J Sports Med 50(13):804–
808 

Re-rupture
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Abstract
Background Having a family history of anterior cruciate ligament (ACL) injury has been investigated in the literature but 
few studies have focused on this factor specifically or reported their outcomes by sex.
Objective We aimed to systematically review family history as a risk factor for sustaining a primary ACL injury and the 
impact it has on ACL graft rupture or contralateral ACL injury in male and female individuals.
Methods A literature search was completed in seven databases from inception until March 2021 to investigate primary and 
subsequent ACL injuries in those with a family history of ACL injury. Articles were screened by prespecified inclusion 
criteria, and the methodological quality of each study was determined. Study results were combined using an odds ratio 
(OR) meta-analysis. Subgroup analysis was also completed by sex for primary ACL injury, as well as by graft rupture and 
contralateral ACL injury for subsequent ACL injuries.
Results Twelve studies were acquired for systematic review and meta-analysis. Four studies that investigated primary ACL 
injury, seven that investigated ACL graft and/or contralateral ACL ruptures and one study that investigated both primary 
and subsequent ACL injury. Having a family history of ACL injury increased the odds of injury across all outcomes. Those 
with a family history had a 2.5 times greater odds for sustaining a primary ACL injury (OR 2.53 [95% confidence interval 
[CI] 1.96–3.28, p < 0.001)]. There was no significant difference of injury odds for primary ACL injury when analysed by sex. 
Family history of ACL injury was found to increase the odds of subsequent ACL injury by 2.38 (95% CI 1.64–3.46, p < 0.001) 
and was significant for both graft ruptures (OR 1.80 [95% CI 1.20–2.71, p = 0.005]) and contralateral ACL injuries (OR 2.28 
[95% CI 1.28–4.04, p = 0.005]). When compared directly, the odds of sustaining a graft rupture versus a contralateral ACL 
injury were similar for those with a family history. Outcomes were not frequently reported by sex for subsequent ACL injuries.
Conclusions Having a family history of ACL injury more than doubles the odds of sustaining a primary or subsequent ACL 
injury. However, if a family history of ACL injury is present, the sex of the athlete does not increase the risk for primary 
injury nor is there a difference in the risk for a subsequent graft rupture compared to a contralateral ACL injury.
Clinical Trial Registration PROSPERO: CRD42020186472.
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Key Points 

Having a family history of an anterior cruciate ligament 
(ACL) injury increases the odds of sustaining a primary 
ACL compared with those without a family history by 
2.5 times.
Female and male individuals with a family history are at 
the same increased odds for primary ACL injury.
The risk of sustaining a subsequent ACL injury are 
increased by 2.4 odds for those with a family history of 
ACL injury.
This increased risk is the same for ACL graft ruptures 
and contralateral ACL injuries.

1 Introduction

An anterior cruciate ligament (ACL) rupture is a devastating 
knee injury that most commonly occurs whilst playing sport. 
Seventy percent of ACL injuries occur from non-contact 
athletic movements such as side-cutting, pivoting or landing 
[1, 2]. A significant amount of research has been undertaken 
to investigate why an ACL injury may occur at a specific 

“Objective: We aimed to systematically 
review family history (in athletic 
population) as a risk factor for sustaining 
a primary ACL injury and the impact it has 
on ACL graft rupture or contralateral ACL 
injury in male and female individuals.” 
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Re-rupture & Contralateral rupture



Minimum of five years of follow-up
Contralateral ACL tear rate is double
(11.8%) that of the risk of ACL graft
rupture in the ipsilateral knee (5.8%)



Pediatric patients: Re-rupture & Contralateral rupture

Cordasco FA, Mayer SW, Green DW. All-inside, all-epiphyseal anterior cruciate ligament reconstruction in skeletally immature athletes: return to sport, incidence of 
second surgery, and 2-year clinical outcomes. Am J Sports Med. 2017;45:856–63 Case series suggesting targeted rehabilitation of over a year for contralateral
strength and neuromuscular control deficiencies after ACLR to decrease instances of contralateral tear in pediatric athletes who have remaining growth. 
Placella G, Bartoli M, Peruzzi M, Speziali A, Pace V, Cerulli G. Return to sport activity after anterior cruciate ligament reconstruction in skeletally immature athletes
with manual drilling original all inside reconstruction at 8 years follow-up. Acta Orthop Traumatol Turc. 2016;50:635–8. 

Following ACLR, injuries to the contralateral ACL have been reported to occur in 
4 to 42% of pediatric patients

Patient Age: 1415 patients with minimum 5-year follow-up following ACLR found contralateral tear:

- 8.7% in pediatric patients (age < 18)
- 4% in adult patients aged 18 to 25
- 2.8% in patients > 25 years of age

No difference in different age <18 y, or between male and female

Shelbourne KD, Gray T, Haro M. Incidence of subsquent injury to either knee within 5 years after anterior cruciate ligament reconstruction with patellar
tendon autograft. Am J Sports Med. 2009;37(2):246–51



ANATOMICAL FACTORS

1. Relationship between the ACL and the femoral notch width index 
(ratio of the intercondylar width to the bicondylar width) has been
shown to increase with increasing age. 

2. Presence of greater posterior tibial slope in pediatric patients has
been associated with an increased risk of ACL injury

3. Patients sustaining ACL injuries possessed significantly higher mean
posterior tibial slope (10.0°± 3°) when compared with a non-
injured control group (8.5°± 3°) (p = 0.128)

Pediatric patients: Re-rupture & Contralateral rupture

O’Malley, MP, Milewski MD, Solomitp MJ, Erwteman AS, Nissen CW. The association of tibial 
slope surgery 2015; 31(1) 7–82. 



TIMING FOLLOWING INDEX ACLR

- Contralateral ACL tears have been shown to occur further out from 
index ACLR in pediatric patients when compared with ACL graft re-
ruptures following ACLR 

- Contralateral ACL injury incidence of 20% (mean age 16 years, 
range 13–18 years) occurring at a mean of 71 months following   
index surgery, compared with a graft rupture rate of 17% (n = 42 of 
242) at a mean of 51 months

Pediatric patients: Re-rupture & Contralateral rupture

Morgan MD, Salmon LJ, Waller A, Roe JP, Pinczewski LA. Fifteen-year survival of endoscopic anterior cruciate 
ligament reconstruction in patients aged 18 years and younger. Am J Sports Med. 2016;44(2):384–92. 



NEUROMUSCULAR AND BIOMECHANICAL CHANGES IN THE PEDIATRIC 
KNEE FOLLOWING ACLR 

• Alterations in gait kinematics, limb symmetry, and
quadriceps strength have been reported in the operative
knee. These changes increase the forces placed across the
ACL graft, increasing the risk for subsequent graft failure

• In the contralateral knee, these alterations in strength and
neuromuscular control deficiencies in the operative knee
have been reported to affect transverse hip moments,
frontal plane knee angles, sagittal plane moments, and
postural stability up to 2 years after the surgery

RUN ANALYSIS

Pediatric patients: Re-rupture & Contralateral rupture



TIMING TO RTP AND RISK TO CONTROLATERAL ACL INJURY
- Early return to sport prior to adequate graft incorporation and healing following ACLR

has been cited as a substantial risk for athletes sustaining a contralateral ACL injury

- Strength and functional deficits in the operative knee and their subsequent impact in
the contralateral knee following ACLR have been shown to persist for up to 2 years
following surgery in pediatric athletes

- Multiple studies have proposed delaying return to sport for up to 2 years following
ACLR to allow for complete biological recovery, minimizing the risk for ACL re-rupture
and contralateral ACL injury

Dekker TJ, Godin JA, Dale KM, Garrett WE, Taylor DC, Riboh JC. Return to sport after pediatric anterior cruciate ligament reconstruction and its effect on 
subsequent anterior cruciate ligament injury. J Bone Joint Surg Am. 2017;99(11):897–904 Cohort study finding that the only protective factor for 
contralateral tear in pediatric athletes is delayed return-to-sport, suggesting a role for timed biological recovery that is independent of strength and 
neuro-muscular control benchmarks. 
Nagelli CV, Hewett TE. Should return to sport be delayed until 2 years after anterior cruciate ligament reconstruction? Biological and functional
considerations. Sports Med. 2017;47(2):221–32. 

Pediatric patients: Re-rupture & Contralateral rupture
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Abstract: The remarkable progress in data aggregation and deep learning algorithms has positioned
artificial intelligence (AI) and machine learning (ML) to revolutionize the field of medicine. AI is
becoming more and more prevalent in the healthcare sector, and its impact on orthopedic surgery
is already evident in several fields. This review aims to examine the literature that explores the
comprehensive clinical relevance of AI-based tools utilized before, during, and after anterior cruci-
ate ligament (ACL) reconstruction. The review focuses on current clinical applications and future
prospects in preoperative management, encompassing risk prediction and diagnostics; intraoper-
ative tools, specifically navigation, identifying complex anatomic landmarks during surgery; and
postoperative applications in terms of postoperative care and rehabilitation. Additionally, AI tools
in educational and training settings are presented. Orthopedic surgeons are showing a growing
interest in AI, as evidenced by the applications discussed in this review, particularly those related to
ACL injury. The exponential increase in studies on AI tools applicable to the management of ACL
tears promises a significant future impact in its clinical application, with growing attention from
orthopedic surgeons.

Keywords: artificial intelligence; machine learning; navigation; anterior cruciate ligament; deep
learning; knee injuries

1. Introduction
Technical developments in orthopedic surgery have resulted in two main contri-

butions: the integration of artificial intelligence (AI) into decision support systems for
diagnosing and treating orthopedic conditions, and the adoption of robotic surgery in
surgical procedures.

The inception of AI dates back to 1956 when Professor John McCarthy first introduced
the concept. Since then, the notion of AI has undergone a transformative evolution,
revealing deep learning (DL) and evolutionary networks that can replicate the functions of
human neuron cells [1].

The remarkable progress in data aggregation and DL algorithms has positioned AI
and machine learning (ML) to revolutionize the field of medicine [2,3]. AI represents the
fourth industrial revolution and is the upcoming frontier in medicine, with the potential to
revolutionize the field of orthopedics and sports medicine. However, the comprehensive
understanding of fundamental principles and the integration of applications are still in
their early stages [4,5].
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Abstract: The remarkable progress in data aggregation and deep learning algorithms has positioned
artificial intelligence (AI) and machine learning (ML) to revolutionize the field of medicine. AI is
becoming more and more prevalent in the healthcare sector, and its impact on orthopedic surgery
is already evident in several fields. This review aims to examine the literature that explores the
comprehensive clinical relevance of AI-based tools utilized before, during, and after anterior cruci-
ate ligament (ACL) reconstruction. The review focuses on current clinical applications and future
prospects in preoperative management, encompassing risk prediction and diagnostics; intraoper-
ative tools, specifically navigation, identifying complex anatomic landmarks during surgery; and
postoperative applications in terms of postoperative care and rehabilitation. Additionally, AI tools
in educational and training settings are presented. Orthopedic surgeons are showing a growing
interest in AI, as evidenced by the applications discussed in this review, particularly those related to
ACL injury. The exponential increase in studies on AI tools applicable to the management of ACL
tears promises a significant future impact in its clinical application, with growing attention from
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1. Introduction
Technical developments in orthopedic surgery have resulted in two main contri-

butions: the integration of artificial intelligence (AI) into decision support systems for
diagnosing and treating orthopedic conditions, and the adoption of robotic surgery in
surgical procedures.

The inception of AI dates back to 1956 when Professor John McCarthy first introduced
the concept. Since then, the notion of AI has undergone a transformative evolution,
revealing deep learning (DL) and evolutionary networks that can replicate the functions of
human neuron cells [1].

The remarkable progress in data aggregation and DL algorithms has positioned AI
and machine learning (ML) to revolutionize the field of medicine [2,3]. AI represents the
fourth industrial revolution and is the upcoming frontier in medicine, with the potential to
revolutionize the field of orthopedics and sports medicine. However, the comprehensive
understanding of fundamental principles and the integration of applications are still in
their early stages [4,5].

Healthcare 2024, 12, 300. https://doi.org/10.3390/healthcare12030300 https://www.mdpi.com/journal/healthcare

Prediction (DL)
The AI prediction model for primary
ACL injury achieved a testing 
accuracy of over 90%. 



Conclusions

To be considered:

• age and patients/athlete

• predisposing anatomical factors and family history

• Surgeon’s skills: avoid technical error, treatment of 

concomitant lesions, choice of the graft and 

associated procedure in specific cases

• RTP controlled

• Role of new technology?


