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Abstract 

Anterior cruciate ligament reconstruction is a common intervention in athletic populations, aiming to 

restore knee stability, functional performance, and safe return to sport. Despite advances in surgical 

techniques and rehabilitation protocols, the optimal timing of reconstruction and its influence on 

functional outcomes remain subjects of ongoing debate. This review synthesizes current evidence 

comparing early and late functional outcomes following anterior cruciate ligament reconstruction in 

athletes, with emphasis on biomechanical recovery, return-to-sport dynamics, reinjury risk, and long-

term joint health. The anatomical and biomechanical complexity of the anterior cruciate ligament 

underscores its essential role in knee stability, proprioception, and neuromuscular control, all of which 

are critical determinants of postoperative function. Early reconstruction has been associated with 
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faster short-term recovery, including improved quadriceps strength, neuromuscular control, and 

earlier return to sport. However, these early advantages tend to converge over time, as long-term 

functional scores, knee stability, and performance levels appear similar between early and delayed 

reconstruction groups. Return-to-sport rates are influenced by multiple factors, including age, sex, 

type of sport, level of competition, graft selection, and adherence to structured rehabilitation 

programs. Psychological readiness and fear of reinjury emerge as key determinants of successful 

return to sport, independent of physical recovery. Although long-term knee function is generally 

maintained after reconstruction, the risk of reinjury and the progression of degenerative joint changes, 

including osteoarthritis, remain important concerns, particularly in younger and highly active athletes. 

Overall, functional recovery after anterior cruciate ligament reconstruction reflects a complex 

interaction between surgical timing, biological healing, rehabilitation quality, and psychological 

factors. An individualized, criteria-based approach to rehabilitation and return-to-sport decision-

making is essential to optimize athletic performance while minimizing long-term complications. 

 

Key words 

Knee stability, neuromuscular control, proprioception, graft selection, reinjury risk, osteoarthritis 

progression. 

 

Introduction 

Anterior cruciate ligament injuries are 

particularly prevalent in athletic populations, 

especially among young athletes, who account 

for approximately half of all reported cases, 

including those competing at the collegiate level 

[1]. The incidence of injury is not uniform across 

sports, but instead varies according to the 

specific physical and biomechanical demands 

involved. Higher rates have consistently been 

reported in sports that require frequent pivoting, 

cutting, and rapid deceleration, such as soccer, 

basketball, and football [2]. Within elite settings, 

this burden is clearly illustrated in professional 

European soccer, where the mean annual 

incidence of anterior cruciate ligament injury has 

been estimated at 1.42%, underscoring the 

substantial exposure of high-performance 

athletes to this condition [3]. 

 

Beyond its immediate clinical significance, 

rupture of the anterior cruciate ligament has 

profound implications for athletic performance 

and career longevity. In professional soccer 

players, anterior cruciate ligament reconstruction 

has been associated with a measurable reduction 

in minutes played per season following surgery, 

reflecting a decline in sustained competitive 

participation (Mazza et al., 2022). Although 

return-to-play rates are generally high, long-term 

performance outcomes appear less favorable, as 

only 34% of athletes are able to compete at the 

same or a higher league level five years after 

reconstruction [4]. This trend is not limited to 

elite athletes, as recreational populations also 

demonstrate limited functional recovery, with 

only approximately half of individuals increasing 

their activity level and successfully returning to 

sport following reconstruction [5].  

 

Evaluating functional outcomes across different 

postoperative timeframes becomes essential for 

understanding both the recovery trajectory and 

the true long-term success of anterior cruciate 

ligament reconstruction. Assessments conducted 

at multiple stages after surgery provide insight 

into how knee function, performance capacity, 

and athletic participation evolve over time [2]. 

Importantly, longer follow-up periods appear 

necessary to accurately capture return-to-sport 

outcomes, as return rates tend to increase 

progressively with time rather than stabilizing 

early after surgery [5]. However, timing also 

introduces trade-offs, as early return to play, 

defined as occurring within six months in 

professional soccer players, has been associated 

with longer career duration but simultaneously 
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confers a higher risk of graft failure, emphasizing 

the complex balance between performance 

optimization and injury risk [6]. 

 

Within the existing literature, early and late 

outcomes after anterior cruciate ligament 

reconstruction are therefore defined according to 

distinct temporal frameworks that reflect 

different clinical priorities. Early outcomes are 

typically evaluated within the first six months 

following surgery and primarily focus on initial 

recovery, functional restoration, and the ability to 

resume sporting activity [6]. In contrast, late 

outcomes extend beyond six months and often 

encompass several years of follow-up, allowing 

for assessment of long-term performance, career 

longevity, and the risk of re-injury or graft failure 

[7]. This temporal distinction is critical, as it 

informs the interpretation of functional results 

and supports the development of rehabilitation 

strategies and expectation-setting that are aligned 

with both short-term recovery goals and long-

term athletic sustainability [8]. 

 

The aim of this article is to compare early and 

late functional outcomes following anterior 

cruciate ligament reconstruction in athletes, with 

particular emphasis on return to sport, 

performance sustainability, and injury-related 

risk over time. 

 

Methodology 

This narrative review on early versus late 

functional outcomes after anterior cruciate 

ligament reconstruction in athletes was 

developed through a structured examination of 

contemporary scientific evidence, with the 

objective of integrating clinical, functional, and 

performance-related outcomes across different 

postoperative timeframes. The methodological 

framework was designed to emphasize temporal 

comparisons, focusing on short-term versus long-

term recovery, return-to-sport dynamics, and the 

evolution of athletic performance and injury risk 

following reconstruction. 

 

A comprehensive literature search was conducted 

using PubMed, Scopus, and Web of Science, 

including peer-reviewed articles published 

between 2021 and 2026 in English or Spanish. 

Eligible studies addressed key aspects of anterior 

cruciate ligament reconstruction in athletic 

populations, including early and late functional 

outcomes, return-to-sport rates, performance 

metrics, career longevity, reinjury risk, and 

factors influencing postoperative recovery. 

Studies lacking peer review, presenting 

incomplete or redundant data, or not directly 

evaluating functional outcomes in relation to 

postoperative timing were excluded. The search 

strategy was guided by predefined terms such as 

Knee stability, neuromuscular control, 

proprioception, graft selection, reinjury risk, 

osteoarthritis progression. 

 

The selected literature was analyzed using a 

qualitative and integrative approach to identify 

temporal trends in functional recovery, 

differences between early and late postoperative 

outcomes, and clinically relevant patterns 

influencing athletic performance and long-term 

knee health. Emphasis was placed on 

synthesizing evidence related to outcome 

assessment timing, rehabilitation implications, 

and return-to-sport decision-making. Artificial 

intelligence–based tools were used as supportive 

aids to facilitate thematic organization and to 

enhance coherence across clinical and functional 

domains. This methodological approach enabled 

the development of a logically connected 

synthesis of current evidence, highlighting the 

importance of time-sensitive evaluation when 

interpreting functional outcomes and guiding 

clinical management in athletes undergoing 

anterior cruciate ligament reconstruction. 

 

Anatomy and Biomechanics of the 

Anterior Cruciate Ligament 

The anterior cruciate ligament is a dynamic 

structure characterized by a rich neurovascular 

supply and the presence of distinct bundles that 

together form a complex three-dimensional 

architecture. This anatomical configuration 
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allows the ligament to function in close synergy 

with the bony morphology of the knee, 

facilitating normal joint kinematics and 

coordinated motion under physiological 

conditions [9]. On the tibial side, the ligament 

demonstrates broad attachment sites that extend 

beyond the osseous surface to include the 

articular cartilage and the lateral meniscus. This 

anatomical integration suggests a more 

comprehensive role in knee joint mechanics than 

was previously appreciated, reinforcing the 

concept of the anterior cruciate ligament as a key 

contributor to overall joint function rather than 

an isolated stabilizing structure [10]. Within this 

framework, the native dimensions and spatial 

orientation of the ligament are critical 

determinants of its biomechanical performance, 

as variations in these parameters can 

substantially influence postoperative knee 

stability and the success of reconstructive 

procedures [11]. 

 

Functionally, the anterior cruciate ligament 

serves as the primary stabilizer against anterior 

translation of the tibia and plays a significant role 

in controlling internal rotation of the knee, 

particularly when the joint is near full extension 

[12]. Beyond its mechanical contribution, the 

ligament is integral to proprioceptive regulation, 

providing essential somatosensory input required 

for accurate joint positioning and coordinated 

movement control. Injury to the ligament or 

alterations following reconstruction can impair 

this proprioceptive function, leading to deficits in 

neuromuscular control that compromise knee 

stability and overall functional performance [13]. 

In maintaining rotational stability, the anterior 

cruciate ligament operates in conjunction with 

adjacent structures, including the anterolateral 

complex, underscoring its central role within a 

broader stabilizing network that preserves 

physiological knee mechanics [12]. 

 

During athletic activities, the biomechanical 

demands placed on the anterior cruciate ligament 

are substantial, particularly during movements 

such as landing from a jump, rapid changes in 

direction, or sudden deceleration. These actions 

expose the ligament to combined loading 

patterns that include anterior tibial shear forces, 

internal tibial torque, and knee abduction 

moments, which together markedly increase the 

risk of injury [14]. In specific athletic disciplines 

such as weightlifting, the ligament may be 

subjected to atypical mechanical environments, 

as observed during the jerk dip phase, where 

abnormal stress distributions can predispose the 

ligament to injury. Recognizing and 

characterizing these stress patterns is therefore 

essential for the development of targeted 

preventive strategies [15]. From a mechanical 

standpoint, ligament failure may occur as a result 

of a single supramaximal loading event or 

through the cumulative effect of repeated 

submaximal loading cycles, which progressively 

generate microdamage and ultimately 

compromise structural integrity over time [14]. 

 

Indications and Surgical Techniques for 

Anterior Cruciate Ligament 

Reconstruction 

In athletic populations, the primary indication for 

anterior cruciate ligament reconstruction is the 

presence of knee instability, which compromises 

performance and substantially increases the risk 

of secondary injuries. Persistent instability not 

only limits functional capacity during sport-

specific movements but also predisposes the 

knee to additional structural damage. In this 

context, technical factors such as tunnel 

malposition and tunnel widening have been 

identified as common causes of persistent 

instability and represent frequent indications for 

revision procedures following primary 

reconstruction [16]. Alongside mechanical 

instability, the athlete’s activity level plays a 

decisive role in surgical decision-making, as 

individuals engaged in high-demand, pivoting 

sports are more likely to require reconstruction in 

order to safely return to their pre-injury level of 

competition [17]. Age and projected future 

activity further influence this decision, with 

younger athletes who anticipate prolonged 
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athletic careers often being recommended for 

reconstruction to preserve joint function, reduce 

the risk of progressive degeneration, and 

maintain long-term performance capacity [18]. 

 

The selection of graft type represents a critical 

component of surgical planning and is closely 

linked to both functional outcomes and 

rehabilitation trajectories. Among autografts, the 

bone–patellar tendon–bone and hamstring tendon 

grafts are the most used options. Bone–patellar 

tendon–bone autografts are frequently favored 

due to their inherent strength and capacity to 

provide robust knee stability; however, their use 

has been associated with longer rehabilitation 

periods when compared with hamstring tendon 

grafts [19]. In contrast, hamstring tendon 

autografts are widely preferred in many regions 

because they are associated with lower donor-site 

morbidity and may facilitate a quicker recovery, 

making them an attractive option for athletes 

seeking an earlier functional return [20]. 

Allografts, by comparison, are more commonly 

utilized in older patients or in cases involving 

multiple ligament injuries. While they offer 

advantages such as reduced operative time and 

the absence of donor-site morbidity, their use in 

younger and highly active athletes has been 

associated with a slightly increased risk of graft 

failure, which limits their applicability in this 

population [18]. 

 

From a technical perspective, several surgical 

approaches are routinely employed in anterior 

cruciate ligament reconstruction, each aiming to 

optimize anatomical restoration and functional 

outcomes. Single-bundle reconstruction remains 

the most performed technique and involves the 

placement of a single graft to restore ligament 

function, whereas double-bundle reconstruction 

seeks to more closely replicate the native 

anatomy of the ligament by reconstructing its 

distinct functional bundles [21]. More recently, 

the all-inside technique has gained attention, as it 

relies on the creation of bone sockets rather than 

full-length tunnels, thereby preserving bone 

stock and reducing postoperative pain. This 

approach has demonstrated outcomes that are 

comparable to, or in some cases superior to, 

those of traditional techniques [22]. Fixation 

methods further influence surgical stability and 

healing, with commonly used options including 

interference screws and suspensory fixation. 

Interference screws provide strong initial fixation 

but may contribute to tunnel widening, whereas 

suspensory fixation is less invasive yet may 

allow increased graft–tunnel motion during early 

healing phases [23]. 

 

These surgical variables have direct implications 

for postoperative rehabilitation and return-to-

play strategies. The choice of graft significantly 

influences recovery timelines, as bone–patellar 

tendon–bone grafts often require longer periods 

to achieve strength symmetry when compared 

with hamstring tendon grafts [19]. Similarly, 

surgical techniques that minimize tissue trauma, 

such as the all-inside approach, may facilitate a 

faster recovery by reducing postoperative pain 

and swelling [22]. Techniques employing shorter 

graft constructs have also been proposed to 

preserve muscle strength and further shorten 

recovery time [24]. Regardless of the specific 

graft or technique used, the success of 

reconstruction ultimately depends on the 

implementation of a structured and progressive 

rehabilitation program. Return-to-play rates vary 

considerably, with graft selection, surgical 

approach, and psychological readiness emerging 

as key determinants of successful functional 

recovery in athletes [17]. 

 

Definition and Assessment of Functional 

Outcomes 

Clinical and functional outcomes following 

anterior cruciate ligament reconstruction are 

commonly evaluated using standardized 

assessment tools that allow for a structured 

appraisal of knee function and activity level. 

Among these, the International Knee 

Documentation Committee form and the Tegner 

activity scale are frequently employed, as they 

provide complementary information regarding 

subjective knee function and the degree of 
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activity participation after reconstruction. These 

instruments enable clinicians to quantify 

recovery in a reproducible manner and to 

monitor changes in functional status across 

different postoperative stages. In parallel, 

functional outcomes are assessed through 

performance-based tests, including single-leg and 

triple hop tests for distance, as well as isokinetic 

strength evaluations, which collectively offer 

objective measures of limb symmetry and 

muscular strength restoration [25]. 

 

In addition to clinician-administered and 

performance-based measures, patient-reported 

outcome measures play a central role in the 

comprehensive evaluation of postoperative 

recovery. Tools such as the Anterior Cruciate 

Ligament Return to Sport after Injury score are 

particularly valuable for capturing the athlete’s 

psychological readiness and perceived knee 

function, domains that are not fully reflected by 

physical testing alone [25]. These subjective 

assessments provide insight into confidence, fear 

of reinjury, and self-perceived functional 

capacity, thereby contributing to a more holistic 

understanding of recovery from the athlete’s 

perspective [26]. 

 

Objective performance-based assessments further 

enhance outcome evaluation by incorporating 

advanced methodologies that extend beyond 

traditional functional testing. Biomechanical 

analyses and emerging technologies, including 

magnetic resonance imaging, have been 

increasingly utilized to assess graft integrity, 

joint loading patterns, and neuromuscular 

control, with the potential to improve prediction 

of reinjury risk and readiness for return to sport 

[27]. Such objective evaluations are critical for 

confirming that athletes have regained sufficient 

physical capacity to safely perform sport-specific 

movements and tolerate the demands of 

competitive activity [2]. 

 

Despite the availability of multiple assessment 

modalities, criteria for return to sport remain 

heterogeneous and lack universal 

standardization. Decisions regarding return to 

play are typically based on an integrated 

interpretation of clinical findings, functional 

performance, and psychological readiness, and 

must be individualized according to the athlete’s 

recovery trajectory and the specific demands of 

their sport. In this context, a greater emphasis on 

objective, criteria-based milestones has been 

advocated to optimize the likelihood of safely 

returning athletes to their preinjury level of 

function while minimizing the risk of reinjury [2, 

27]. 

 

Early Functional Outcomes After 

Reconstruction 

The short-term recovery timeline following 

anterior cruciate ligament reconstruction in 

athletes is characterized by a structured and 

progressive rehabilitation process aimed at 

restoring knee function and facilitating a safe 

return to sport. On average, athletes return to 

sporting activity at approximately 7.9 months 

after surgery, although this timeframe varies 

considerably depending on individual 

characteristics and the specific rehabilitation 

protocols employed [28]. Early in the 

postoperative period, key recovery milestones 

include the achievement of full knee extension, 

effective control of joint swelling, and the 

restoration of quadriceps strength, all of which 

are essential for functional progression. In this 

context, acute reconstruction has been associated 

with superior quadriceps strength at three months 

postoperatively when compared with delayed 

procedures, suggesting potential advantages of 

earlier surgical intervention in the initial 

recovery phase [8]. 

 

During the early postoperative stage, knee 

stability, muscular strength, and range of motion 

represent critical determinants of functional 

recovery. Available evidence indicates that there 

are no significant differences in knee joint 

stability or range of motion when comparing 

different timing groups of reconstruction, 

highlighting the overall effectiveness of 

contemporary surgical and rehabilitation 
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strategies in restoring these parameters [8]. 

Despite this, quadriceps strength remains a 

persistent challenge, as many athletes fail to 

achieve the commonly recommended limb 

symmetry index of 90% or greater in the early 

phases of rehabilitation [28]. Notably, athletes 

undergoing acute reconstruction tend to 

demonstrate more favorable early strength 

outcomes, reinforcing the relevance of surgical 

timing in short-term functional recovery [8]. 

 

Rates of early return to sport and associated 

performance levels vary substantially across 

athletic populations. In recreational athletes, only 

approximately half are able to return to their 

previous level of activity, reflecting the 

combined influence of physical limitations and 

psychosocial factors on early recovery [5]. In 

contrast, higher return-to-sport rates have been 

reported in competitive populations, such as 

wrestlers, among whom up to 80% successfully 

resume sporting participation [29]. However, 

even when return to sport is achieved, 

performance may be compromised by residual 

functional deficits, including reduced knee 

flexion angles and altered movement 

biomechanics, which can persist during the early 

follow-up period and affect athletic efficiency 

[28]. 

 

Despite advances in surgical techniques and 

rehabilitation protocols, early follow-up after 

reconstruction remains associated with specific 

complications and limitations. Graft failure and 

residual knee instability continue to be clinically 

relevant concerns, with graft selection playing a 

significant role in outcome variability. Bone–

patellar tendon–bone autografts have been shown 

to exhibit lower failure rates compared with 

hamstring tendon autografts, particularly in high-

demand athletic populations [29]. Moreover, 

limitations in early recovery highlight the need 

for more robust and individualized rehabilitation 

strategies that account for athlete-specific factors 

such as age, sex, and the biomechanical demands 

of different sports, thereby optimizing early 

outcomes and reducing the risk of adverse events 

[30]. 

 

Late Functional Outcomes After 

Reconstruction 

Long-term follow-up after anterior cruciate 

ligament reconstruction demonstrates that 

improvements in knee function and stability are 

generally maintained over time. Functional 

outcomes assessed using International Knee 

Documentation Committee scores indicate a 

sustained recovery trajectory, with reported 

return-to-sport rates of approximately 70% and 

an 87% likelihood of maintaining knee stability 

during physical activity at eight years 

postoperatively [31]. Advances in surgical 

strategies have further contributed to long-term 

stability, as combined reconstruction of the 

anterior cruciate ligament and the anterolateral 

ligament has been shown to result in reduced 

residual knee laxity and lower graft failure rates 

when compared with isolated anterior cruciate 

ligament reconstruction, suggesting an enhanced 

capacity to preserve joint stability in the long 

term [32]. 

 

In parallel with sustained knee function, the 

long-term sustainability of athletic performance 

following reconstruction appears favorable in 

many athletic populations. High return-to-play 

rates have been documented, including in Gaelic 

games players, among whom an 87.8% return 

rate has been reported, often at an equivalent or 

even higher level of performance compared with 

preinjury status. Nevertheless, performance 

sustainability is influenced by surgical variables, 

particularly graft selection, as bone–patellar 

tendon–bone autografts have been associated 

with lower reinjury rates than hamstring 

autografts, thereby supporting more durable 

athletic participation over time [33]. 

 

Despite these encouraging outcomes, reinjury 

remains a significant concern in the long-term 

postoperative period. Reported rates include a 

7.2% incidence of revision surgery and a 6% 

probability of contralateral anterior cruciate 
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ligament reconstruction within nine years 

following the initial procedure [31]. The risk of 

reinjury is not uniformly distributed across 

populations, with younger athletes and those 

reconstructed using hamstring autografts 

demonstrating a higher susceptibility to 

subsequent ligament injury [33].  

 

Beyond ligamentous integrity, the development 

of degenerative joint changes represents a critical 

long-term consideration after anterior cruciate 

ligament reconstruction. Longitudinal studies 

have shown a significantly increased progression 

of osteoarthritis in reconstructed knees compared 

with healthy contralateral knees, with a reported 

relative risk of 2.8, highlighting the persistent 

vulnerability of the operated joint. Several 

factors have been identified as contributors to 

this increased risk, including delayed surgical 

intervention, the presence of concomitant 

meniscal or cartilage injuries, and higher levels 

of postoperative physical activity, all of which 

may accelerate degenerative processes over time 

[34, 35]. 

 

Comparison Between Early and Late 

Outcomes 

Functional recovery after anterior cruciate 

ligament reconstruction is commonly quantified 

using validated scoring systems such as the 

Tegner activity score and the Lysholm score, 

which allow comparison of functional status 

across different postoperative timeframes. 

Evidence suggests that early reconstruction is 

associated with more favorable short-term 

functional outcomes, including greater 

quadriceps strength and superior performance in 

tasks such as the single-leg hop test, reflecting an 

accelerated recovery during the initial 

postoperative period [8]. However, when 

functional outcomes are evaluated over longer 

follow-up intervals, these early advantages 

appear to diminish, as long-term assessments 

reveal no significant differences between early 

and late reconstruction groups. This convergence 

is demonstrated by comparable scores on the 

International Knee Documentation Committee 

Subjective Knee Form and the Knee injury and 

Osteoarthritis Outcome Score at five years 

following surgery, indicating similar long-term 

functional status regardless of surgical timing 

[37]. 

 

The temporal pattern observed in functional 

scores parallels the evolution of neuromuscular 

control and proprioception after reconstruction. 

Early surgical intervention has been associated 

with a more rapid restoration of these 

mechanisms, which are essential for safe 

participation in athletic activities. Athletes 

undergoing early reconstruction tend to exhibit 

improved quadriceps strength and enhanced 

performance in functional tests during the early 

recovery phase, supporting the notion of 

accelerated neuromuscular adaptation [8]. 

Despite these short-term benefits, longitudinal 

data suggest that neuromuscular control and 

proprioceptive function eventually stabilize, with 

no meaningful differences detected between 

early and late reconstruction groups during long-

term follow-up [37].  

 

The timing of anterior cruciate ligament 

reconstruction also has a direct impact on the 

return to pre-injury performance levels. Early 

reconstruction has been shown to facilitate a 

faster return to sport, with reported mean return-

to-play times of approximately 292 days 

following surgery, highlighting its potential 

advantage for athletes seeking expedited 

competitive reentry [36]. Nevertheless, this 

accelerated timeline is accompanied by an 

increased risk of reinjury, particularly when 

return-to-sport testing is conducted prematurely. 

These observations emphasize the need to 

balance the benefits of earlier return with 

adequate biological healing and neuromuscular 

recovery to mitigate the risk of subsequent injury 

[38]. 

 

From a clinical standpoint, these findings hold 

important implications for athletes and sports 

medicine teams. A clear understanding of the 

effects of surgical timing on functional recovery 
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enables more accurate expectation setting and 

supports the optimization of individualized 

rehabilitation strategies. While early 

reconstruction may be advantageous for athletes 

who require a rapid return to competition, it 

necessitates meticulous rehabilitation planning 

and vigilant monitoring to reduce reinjury risk 

[8, 38]. Ultimately, the decision between early 

and late reconstruction should be tailored to the 

individual athlete, considering sport-specific 

demands, personal recovery goals, and the long-

term preservation of joint health and 

performance sustainability [2]. 

 

Factors Influencing Functional Outcomes 

Functional outcomes after anterior cruciate 

ligament reconstruction are influenced by a range 

of individual and sport-related factors, among 

which age, sex, and type of sport play prominent 

roles. Younger athletes, particularly those under 

19 years of age, demonstrate a higher likelihood 

of returning to their pre-injury level of sport, a 

finding commonly attributed to superior 

biological healing capacity and higher levels of 

motivation during rehabilitation [39]. Sex-related 

differences have also been observed, with male 

athletes generally exhibiting higher return-to-

sport rates than their female counterparts. This 

disparity has been documented in specific 

athletic populations, such as Gaelic games, 

where male athletes achieved higher return-to-

play rates compared with females [33]. In 

addition, the type of sport exerts a substantial 

influence on postoperative outcomes, as sports 

characterized by high physical demands, 

including wrestling and Australian football, are 

associated with lower return-to-sport rates when 

compared with less physically demanding sports 

such as basketball [29, 36]. 

 

Beyond individual characteristics, the level of 

competition and training load further modulate 

recovery trajectories and return-to-play 

outcomes. Elite and professional athletes 

consistently demonstrate high return-to-sport 

rates, often exceeding 85%, a pattern that is 

likely related to enhanced access to specialized 

medical care, structured rehabilitation resources, 

and strong extrinsic motivation to resume 

competition [36]. In contrast, collegiate athletes, 

particularly those competing in Division II and 

III programs, show less favorable outcomes, with 

only approximately half returning to their pre-

injury level of participation, highlighting 

disparities in support systems and performance 

demands across competitive levels. Training load 

represents an additional consideration, as athletes 

exposed to higher workloads may subject the 

reconstructed ligament to increased mechanical 

stress, potentially influencing return-to-sport 

outcomes. Nevertheless, detailed data 

quantifying the specific impact of training load 

remain limited within the current literature [17]. 

 

The structure and implementation of 

rehabilitation protocols are central determinants 

of functional recovery and successful return to 

sport. Adherence to well-defined rehabilitation 

programs that incorporate progressive strength 

training, functional performance testing, and 

assessments of psychological readiness has been 

associated with more favorable return-to-play 

outcomes [30]. Compliance with these protocols 

appears to be equally important, as athletes who 

consistently adhere to prescribed rehabilitation 

regimens demonstrate superior functional 

outcomes and higher rates of return to sport. 

Conversely, non-adherence has been linked to 

suboptimal recovery and an elevated risk of 

reinjury, underscoring the importance of 

sustained engagement throughout the 

rehabilitation process [40]. 

 

Psychological readiness represents a critical yet 

often underappreciated component of recovery 

after anterior cruciate ligament reconstruction. 

Factors such as self-efficacy and confidence in 

the reconstructed knee significantly influence an 

athlete’s ability to return to sport, with higher 

psychological readiness scores correlating with 

increased likelihood of successful return. Fear of 

reinjury, in particular, can act as a substantial 

barrier, preventing athletes from resuming sport 

despite adequate physical recovery. Addressing 
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these psychological factors through targeted 

interventions is therefore essential to achieving a 

successful and durable return to sport [41]. 

 

Conclusions 

The anatomy and biomechanics of the anterior 

cruciate ligament explain its central role not only 

in mechanical knee stability but also in 

proprioception and neuromuscular control, 

supporting the concept that precise anatomic 

reconstruction, surgical technique, and graft 

selection directly influence both early and late 

functional outcomes after reconstruction. 

 

Early anterior cruciate ligament reconstruction is 

associated with clear advantages during the 

initial recovery phase, including faster 

restoration of quadriceps strength, neuromuscular 

control, and return to sport; however, these early 

benefits tend to diminish over long-term follow-

up, as overall functional outcomes and knee 

stability become comparable between early and 

late reconstruction. 

 

Functional recovery and sustained return to sport 

depend on a complex interaction of surgical, 

biological, functional, and psychological factors, 

underscoring the importance of structured 

rehabilitation, objective return-to-sport criteria, 

and adequate psychological readiness to optimize 

athletic performance while minimizing the risks 

of reinjury and long-term joint degeneration. 
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