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Abstract: 

Background: Anterior cruciate ligament (ACL) injuries are common among adolescents engaged in sports and physical 

activities, with significant implications for their mobility and long-term joint health. This study explores the injury 

demographics, risk factors for initial ACL injuries, and the concerning issue of reinjury in adolescents, offering evidence-

based recommendations for prevention and rehabilitation. 

Materials and Methods: A retrospective cohort study was conducted, including adolescents aged 10-19 years with ACL 

injuries. Demographic information, injury details, risk factors, and reinjury data were collected. Descriptive statistics, 

logistic regression, Kaplan-Meier analysis, and Cox proportional hazards models were employed. Ethical approval was 

obtained, and data were de-identified for privacy protection. 

Results: Adolescents aged 15-19 showed a higher risk of ACL injuries (60%), with males (53.3%) slightly more 

affected. Soccer (25%) was the most common activity leading to ACL injuries. Knee laxity (OR: 1.76) and 

neuromuscular imbalances (OR: 1.58-2.45) were significant risk factors for initial ACL injuries. Reinjury rates increased 

over time, with an incidence rate of 22.8 per 100 person-years at 48 months post-initial injury. Preventive measures, such 

as neuromuscular training (28% reduction), psychological support (16% reduction), and return-to-sport criteria 

compliance (33% reduction), played key roles in reducing reinjury rates. 

Conclusion: This study highlights the unique challenges posed by ACL injuries in the adolescent population. Adolescent 

athletes should undergo comprehensive neuromuscular training, receive psychological support, and adhere to tailored 

rehabilitation protocols. Continuous monitoring and a multidisciplinary approach are crucial to reducing the risk of 

reinjury and improving long-term outcomes for these young athletes. 
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Introduction: 

The anterior cruciate ligament (ACL) is a vital structure that stabilizes the knee joint and ensures its proper functioning 

during various physical activities. ACL tears are a common orthopedic injury, with a significant impact on an individual's 

mobility and quality of life. While ACL injuries are prevalent across age groups, the adolescent population warrants 

special attention due to the unique injury demographics and the heightened risk of reinjury associated with this age 

group. 

 

Adolescents, typically aged between 10 and 19 years, are actively engaged in sports and physical activities, which expose 

them to a higher risk of ACL injuries (1). The nature of these activities, such as soccer, basketball, and gymnastics, often 

involves abrupt stops, pivots, and jumps, making adolescents particularly susceptible to ACL tears (2). These injuries can 

lead to both immediate consequences, such as pain and disability, as well as long-term effects, including joint instability 

and the development of degenerative joint diseases (3). 

 

Understanding the demographics of ACL injuries in the adolescent population is essential for guiding preventive 

strategies and rehabilitation protocols. Injury demographics encompass a variety of factors, including age, sex, sport-

specific risks, and environmental factors, all of which can influence the likelihood of ACL tears (4). It is imperative to 

delve into these demographics to gain a comprehensive understanding of the characteristics of ACL injuries in 

adolescents and to develop effective strategies for prevention and management. 

 

Additionally, the risk of reinjury in adolescent athletes following an initial ACL tear has gained significant attention (5). 

Adolescents who sustain an ACL injury are more likely to experience a subsequent injury, with potentially more severe 

consequences (6). This heightened risk of reinjury suggests the need for tailored interventions, including advanced 
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rehabilitation, neuromuscular training, and psychological support, to minimize the risk and impact of recurrent ACL 

injuries. 

This research paper aims to provide a comprehensive analysis of ACL injuries in the adolescent population, focusing on 

injury demographics and the risk of reinjury. By examining the existing literature and conducting new research in this 

area, we aim to shed light on the unique challenges and opportunities for the management of ACL injuries in adolescents. 

 

Aims and Objectives: 

The primary objective of this original research study was to comprehensively investigate the characteristics of anterior 

cruciate ligament (ACL) injuries in the adolescent population, focusing on injury demographics and the risk of reinjury. 

To achieve this overarching goal, the specific aims and objectives of the study were as follows: 

1. Analyzed Injury Demographics in Adolescent ACL Tears: 

 Determined the age distribution of ACL injuries among adolescents. 

 Investigated gender-specific differences in ACL injury rates. 

 Examined the influence of different sports and physical activities on ACL injury occurrence. 

2. Evaluated the Risk Factors for Initial ACL Injury: 

 Identified modifiable and non-modifiable risk factors associated with the first-time ACL injury in adolescents. 

 Investigated the role of anatomical factors and neuromuscular imbalances in injury risk. 

3. Assessed the Risk of Reinjury in Adolescent Athletes: 

 Determined the incidence of recurrent ACL injuries among adolescents. 

 Identified risk factors contributing to the elevated risk of reinjury. 

 Explored the impact of various preventive measures and rehabilitation protocols on reducing reinjury rates. 

4. Proposed Evidence-Based Strategies for Injury Prevention and Rehabilitation: 

 Synthesized the research findings to provide recommendations for injury prevention programs tailored to the 

adolescent population. 

 Offered insights into improved rehabilitation and psychological support strategies for adolescents recovering 

from ACL injuries. 

 The study contributed valuable insights into the prevention, management, and rehabilitation of ACL injuries in 

adolescents, ultimately improving the long-term outcomes and quality of life for young athletes. 

 

Materials and Methods: 

Study Design: 

This research employed a retrospective cohort study design, utilizing data from electronic medical records, orthopedic 

databases, and longitudinal athlete tracking systems. The study period covered a 5-year span, ensuring an adequate 

sample size for analysis. 

 

Participants: 

The study included adolescents aged 10 to 19 years who had sustained an ACL injury. Participants were recruited from 

local hospitals, sports clinics, and athletic organizations. Informed consent was obtained from the participants and their 

legal guardians. 

 

Data Collection: 

Demographic information: Age, gender, and sport/activity type. 

 Injury details: Mechanism of injury, side of injury, and concomitant injuries. 

 Risk factors: Anatomical measurements (e.g., knee laxity), neuromuscular assessments, and previous injury 

history. 

 Reinjury data: Incidence, circumstances, and recovery processes. 

 

Data Analysis: 

Descriptive statistics were used to analyze injury demographics, while logistic regression models were employed to 

assess risk factors. Kaplan-Meier survival analysis was used to determine reinjury rates, and Cox proportional hazards 

models examined the impact of potential predictors. The findings were reported with odds ratios, hazard ratios, and 95% 

confidence intervals. 

 

Ethical Considerations: 

This study received ethical approval from the [Institutional Review Board/ Ethics Committee]. Data were de-identified to 

protect participant privacy and confidentiality. 
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Results 

This table-1 provides an overview of the demographic characteristics of adolescents who suffered from ACL injuries. It 

reveals that the majority of ACL injuries occurred in adolescents aged 15-19, with 60% of cases in this age group. The 

gender distribution shows that a slightly higher percentage of males (53.3%) experienced ACL injuries compared to 

females (46.7%). Regarding the sport/activity type, it demonstrates that the largest portion of ACL injuries in adolescents 

occurred during "Other" activities, comprising 40% of the cases. Soccer, basketball, and gymnastics accounted for the 

remaining cases, with soccer being the most prevalent, making up 25% of the injuries. 

 

Table 1: Demographic Characteristics of Adolescent ACL Injuries 

Characteristic Frequency (n) Percentage (%) 

Age (years) 

- 10-14 120 40% 

- 15-19 180 60% 

Gender 

- Male 160 53.3% 

- Female 140 46.7% 

Sport/Activity Type 

- Soccer 75 25% 

- Basketball 60 20% 

- Gymnastics 45 15% 

- Others 120 40% 

This table-2 provides valuable information on the risk factors associated with the initial occurrence of ACL injuries in 

adolescents. It shows the odds ratios and p-values for various risk factors. Notably, increased knee laxity had a 

significant association with ACL injuries, with an odds ratio of 1.76 and a highly significant p-value of <0.001. In 

contrast, anatomical variations were not significantly associated with ACL injuries, as indicated by the odds ratio of 0.98 

and a p-value of 0.854. Neuromuscular factors, such as strength imbalances, proprioceptive deficits, and balance deficits, 

all showed significant associations with ACL injuries, with varying odds ratios and p-values. 

 

Table 2: Risk Factors for Initial ACL Injury in Adolescents 

Risk Factor Odds Ratio (95% CI) p-value 

Anatomical factors 

- Knee laxity 1.76 (1.21-2.45) <0.001 

- Anatomical variations 0.98 (0.78-1.20) 0.854 

Neuromuscular imbalances 

- Strength imbalances 2.45 (1.87-3.18) <0.001 

- Proprioceptive deficits 1.58 (1.14-2.13) 0.003 

- Balance deficits 1.92 (1.41-2.65) <0.001 

This table-3 presents the incidence rates of ACL reinjury in adolescent athletes over time since the initial injury. It 

demonstrates that the incidence of reinjury increases as time progresses. For instance, at 6 months post-initial injury, the 

incidence rate was 4.5 per 100 person-years. However, this rate increased to 8.2 at 12 months, 12.6 at 24 months, 17.3 at 

36 months, and 22.8 at 48 months. This data highlights the importance of ongoing monitoring and preventive strategies 

to reduce the risk of reinjury over time. 

 

Table 3: Incidence of ACL Reinjury in Adolescent Athletes 

Time Since Initial Injury (Months) Incidence Rate (per 100 person-years) 

6 4.5 

12 8.2 

24 12.6 

36 17.3 

48 22.8 
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In this table-4, key risk factors for ACL reinjury among adolescents are presented. Gender, with males at an odds ratio of 

1.42, previous knee surgery at an odds ratio of 2.10, and participation in high-risk sports at an odds ratio of 1.74, were 

associated with an increased risk of ACL reinjury. On the other hand, compliance with rehabilitation was associated with 

a reduced risk of reinjury, as indicated by a hazard ratio of 0.67. These findings underscore the significance of addressing 

these risk factors in the prevention and management of ACL reinjuries. 

 

Table 4: Risk Factors for ACL Reinjury in Adolescents 

Risk Factor Hazard Ratio (95% CI) p-value 

Gender (Male) 1.42 (1.07-1.88) 0.015 

Previous knee surgery 2.10 (1.61-2.78) <0.001 

Participation in high-risk sports 1.74 (1.28-2.35) 0.002 

Compliance with rehabilitation 0.67 (0.52-0.88) 0.005 

This table-5 summarizes the impact of preventive measures on ACL reinjury rates among adolescents. It highlights that 

neuromuscular training programs had the most substantial impact, reducing reinjury rates by 28%. Psychological support 

and counseling also played a significant role, leading to a 16% reduction in reinjury rates. Bracing and taping reduced 

reinjury rates by 10%, and compliance with return-to-sport criteria had the most significant impact, reducing reinjury 

rates by 33%. These findings emphasize the importance of a multifaceted approach to prevention and rehabilitation. 

 

Table 5: Preventive Measures and Reinjury Rates 

Intervention Reinjury Rate Reduction (%) 

Neuromuscular training programs 28% 

Psychological support and counseling 16% 

Bracing and taping 10% 

Compliance with return-to-sport criteria 33% 

This table-6 provides key recommendations for the prevention and rehabilitation of ACL injuries in adolescents. It 

suggests implementing neuromuscular training programs that focus on strength, proprioception, and balance training. 

Psychological support and counseling should be part of the overall strategy to address fear, anxiety, and enhance 

motivation and self-confidence. Additionally, the use of bracing and taping should be individualized based on 

assessments, and it is crucial to ensure compliance with return-to-sport criteria for a gradual and supervised return to 

play. These recommendations aim to improve the overall outcomes and quality of life for adolescent athletes. 

 

Table 6: Recommendations for ACL Injury Prevention and Rehabilitation 

Recommendation Key Points 

1. Implement neuromuscular training programs 

- Focus on strength and proprioception training 

- Include balance and agility exercises 

2. Provide psychological support and counseling 

- Address fear of reinjury and anxiety 

- Enhance self-confidence and motivation 

3. Utilize bracing and taping as needed - Individualized based on assessment 

4. Ensure compliance with return-to-sport criteria - Gradual and supervised return to play 

 

DISCUSSION: 

The findings of this study shed light on the demographic characteristics of ACL injuries in the adolescent population and 

the associated risk factors, as well as the significant concern of reinjury. These results provide valuable insights into the 

management and prevention of ACL injuries in adolescents and contribute to the existing body of literature on this topic. 

 

Our study reveals that adolescents aged 15-19 are at a higher risk of sustaining ACL injuries, with 60% of cases 

occurring in this age group. This observation aligns with previous studies that have reported a peak in ACL injury rates 

during late adolescence (1, 7). It suggests that the skeletal and muscular development during this period may contribute 

to the susceptibility of ACL injuries. 

 

In terms of gender, our findings indicate a slightly higher prevalence of ACL injuries among males (53.3%) compared to 

females (46.7%). This gender difference is consistent with the literature (8) and highlights the need for gender-specific 

preventive strategies, as females often face distinct risk factors such as hormonal influences and anatomical variations. 
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The distribution of injuries among various sports and activities is notable, with soccer being the most common cause of 

ACL injuries in our study. The abrupt stops, pivots, and high-impact nature of soccer contribute to its elevated risk. 

However, it's essential to recognize that ACL injuries are not limited to any specific sport, and preventive efforts should 

be comprehensive (9). 

 

Our study investigated multiple risk factors for initial ACL injuries. Increased knee laxity was identified as a significant 

risk factor with an odds ratio of 1.76. This finding corroborates previous research emphasizing the importance of knee 

laxity assessment (10). Conversely, anatomical variations did not show a significant association, highlighting the 

complex multifactorial nature of ACL injuries (11). 

 

Neuromuscular imbalances, including strength imbalances, proprioceptive deficits, and balance deficits, were all 

significant risk factors for initial ACL injuries. These results underline the need for comprehensive neuromuscular 

training programs in adolescent athletes to enhance stability and reduce the risk of ACL injuries (12). 

 

The risk of reinjury in adolescents following an initial ACL tear is a matter of substantial concern. The data presented in 

this study indicate increasing reinjury rates over time. The incidence rate at 48 months post-initial injury is particularly 

alarming, with a rate of 22.8 per 100 person-years. These findings highlight the need for long-term follow-up and 

continuous monitoring of adolescent athletes post-ACL injury to reduce the risk of reinjury. 

 

Our research explored the impact of various preventive measures on reinjury rates. Neuromuscular training programs had 

the most substantial effect, reducing reinjury rates by 28%. These findings align with previous research emphasizing the 

effectiveness of neuromuscular interventions in preventing ACL reinjuries (11). 

 

Psychological support and counseling also played a significant role in reducing reinjury rates, with a 16% reduction. 

Addressing psychological factors such as fear of reinjury, anxiety, and self-confidence is crucial in the holistic 

management of ACL injuries (12). 

 

In light of these findings, we propose evidence-based recommendations for the prevention and rehabilitation of ACL 

injuries in adolescents. These recommendations include implementing neuromuscular training programs that focus on 

strength, proprioception, and balance training, providing psychological support and counseling to address the 

psychological aspects of recovery, and individualized use of bracing and taping as needed. Additionally, ensuring 

compliance with return-to-sport criteria for a gradual and supervised return to play is crucial. 

 

CONCLUSION 

In conclusion, this study contributes to a deeper understanding of ACL injuries in the adolescent population. The 

demographic insights, risk factors, and strategies for prevention and rehabilitation are essential for guiding healthcare 

providers, coaches, and parents in promoting the well-being of adolescent athletes. However, continued research and 

multidisciplinary efforts are needed to further enhance the management and prevention of ACL injuries in this vulnerable 

population. 
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