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Abstract 

ACL rupture in children is a serious injury that exposes the knee to meniscal damage and then, in the medium term, to 
osteoarthritis. The incidence of this type of injury has been rising steadily since the 1990s with the everincreasing 
practice of "pivotal" sports such as football, basketball, handball, rugby and gymnastics. The aim was to study the 
characteristics of the population of subjects affected and to identify risk factors for meniscus and cartilage damage. This 
was a retrospective, descriptive and analytical epidemiological study of 80 children who had consulted an orthopaedic 
clinic for an ACL rupture. At the orthopaedic consultation centre at Haguenau Hospital, from March 2014 to November 
2022, with an average age of 13.8 years. Diagnosis was based on questioning, clinical examination and MRI as 
paraclinical examinations. The 15 parameters analysed were as follows: age at the time of the initial trauma, sex, 
corrected body mass index (BMI), side, type of sport practised, sporting level, Tegner score, circumstances of the causal 
trauma, time to consultation, time to MRI, attempt at functional treatment, time to surgery, associated meniscal lesions. 
The age at the time of surgery, and at the end the operative report. There is still a debate on the optimal treatment of 
ACL ruptures. Most surgeons who specialise in this area support early surgery, with the aim of preventing secondary 
damage and returning to the previous level of physical activity as quickly as possible. Of the 80 cases, 88.75% were 
treated surgically and 11.25% functionally, with a median corrected BMI of 19.7. 41.25% of cases had associated 
meniscal lesions. The 3 most frequently practised sports were handball, rugby and football. We also found a close 
relationship between meniscal injury and corrected BMI. Our results are in line with the literature, which is in favour of 
early repair of the anterior cruciate ligament in adolescent athletes, especially those with a BMI.  
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1. Introduction

The main function of the anterior cruciate ligament (ACL) is to prevent anterior translation of the tibia. It acts as a 
secondary stabiliser against internal rotation of the tibia and valgus of the knee [1-2], and as the primary passive 
stabiliser against anterior translation of the tibia in relation to the femur [3-4]. Passive knee stability is provided by the 
ligament system and active stability by the neuromuscular system. The ACL runs from the front of the tibial plateau to 
the medial aspect of the lateral femoral condyle. Due to its specific orientation, the ACL contributes to rotational stability 
in both the frontal and transverse planes. This is not obvious from a frontal view of the knee [5-6]. An intact ACL protects 
the meniscus from the shearing forces that occur during sporting manoeuvres, such as landing a jump, pivoting or 
decelerating from a run. ACL ruptures often result in joint effusion, muscle weakness, altered movement and reduced 
functional performance, and can lead to the loss of an entire season in young athletes [7]. The ACL is one of the most 
frequently injured ligaments in the knee. The prevalence of an ACL rupture in a paediatric athlete with traumatic knee 
haemarthrosis is approximately 65% [8]. ACL ruptures account for 50% or more of all knee injuries, making this 
ligament particularly important in any discussion of knee injuries [9]. This was not the case in a new epidemiological 
study of high school sportsmen, which showed an ACL injury rate of 20.5% [10]. The ACL is one of the most frequently 
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studied structures in the musculoskeletal system over the last few decades, and has been the subject of a large number 
of anatomical and biomechanical studies. ACL injuries are among the most common and devastating injuries to the knee 
and are mainly caused by sporting activity [7]. ACL injuries frequently affect active people, young people and women. 
Women are two to ten times more at risk than men playing the same sport [11-18]. ACL injuries are also associated with 
long-term clinical sequelae, including meniscal damage, cartilage damage and an increased risk of early onset of post-
traumatic osteoarthritis [19-23]. Doctors treating young athletes have noted an increase in the number of ACL injuries 
over the last 2 decades. Recent literature suggests an increase in the incidence of ACL injuries in children and this 
increase is due to greater participation in organised and high-demand sports at an early age [24-25]. However, this 
increase may be due to increased awareness that ACL injuries can occur in children and advances in diagnostic methods 
as no epidemiological studies are available to support this in paediatrics. In view of this increase in the diagnosis of ACL 
rupture in the paediatric population and the risk that this rupture may entail, we had the idea of carrying out an 
epidemiological study to try to find a certain link between the various parameters in order to prevent long-term 
sequelae such as meniscal lesions and cartilage lesions. 

2. Materials and methods 

Ethical approval for this study was obtained from the Institutional Ethics Committee. This is a retrospective descriptive 
and analytical epidemiological study. It included 80 children who consulted for an ACL rupture. The consultation took 
place at the Haguenau Hospital, from March 2014 until November 2022. The age range was between 7 and 17 years. 
Patients with tibial spine fractures were excluded. Fifteen parameters were recorded and analysed: operation, age at 
operation, sex, age of initial trauma, corrected BMI, side, time to ligamentoplasty, type of sport, Tegner score, level of 
sport, circumstance of initial trauma, time to MRI, time to consultation, attempt at functional treatment and associated 
meniscal lesions. Regarding surgical treatment, it was necessary to specify whether it had been performed and at what 
age. We included 13 types of sport. The Tegner score specifies the level of activity from 0 to 10, thus defining the level 
of sport, whether it is competitive or only recreational. The initial trauma may be direct or indirect. A direct trauma can 
be either a trauma by an opponent on the knee or a fall on the knee. Indirect trauma, on the other hand, is when nothing 
comes into contact with the knee.  

Indirect trauma, on the other hand, is when nothing comes into contact with the knee. In a number of children, functional 
treatment has been tried, defined by a very precise protocol of physiotherapy for 6 months. Associated meniscus injuries 
may be acute or secondary. An acute lesion is one that is discovered on the first MRI scan performed during the first 5 
months after the initial trauma. A secondary lesion is any lesion diagnosed from the 5th month after the initial trauma, 
i.e. a lesion visualised on a 2nd scan or during ligamentoplasty. The diagnosis of ACL rupture was made on MRI for all 
children, but at different intervals depending on the patient's presentation at the consultation. Ligamentoplasty was 
performed using different techniques: either through the growth plate (transphyseal), or sparing the growth plate 
(epiphyseal). A DT4 graft and different types of graft fixation were chosen. The operations were performed under 
arthroscopy by different operators in the department. From a statistical point of view, the study was divided into two 
parts: 

2.1. Descriptive study with a simple reading of the results.  

Analytical study to find links between all these parameters. We used: reduced variance (Z), Odds ratio (OR), chi 2 test 
(chi 2), ANOVA test. 

3. Results  

3.1. Descriptive study 

Patients operated on: Of the 80 cases, 71 (88.75%) were treated surgically, whereas 9 (11.25%) were not treated 
surgically. The average age of the patients operated on was 13.81 years +/- 1.97. Sex: 57 (71.25%) of the children were 
male and 23 (28.75%) female. The mean age at initial trauma (IT) was 13.03 years +/- 1.94. Mean corrected BMI was 
20.78 +/- 4.59 and CI (18.49 and 23.08). The activities carried out by the patients included in this study were spread 
across different sports: Rugby 22 (27.5%) , Football 21 (26.25%) , Ski 11 (13.75%) , Basketball 5 (6.25%) , Handball 4 
(5%) , Tennis 4 (5%) , Athletics 3 (3.75%) , Kick-boxing 2 (2.5%) , Motocross 2 (2.5%) , Gymnastics 2 (2.5%) , Judo 2 
(2.5%) , Cycling 1 (1.25%) , Swimming 1 (1.25%). These activities were classified according to the Tegner score between 
0 and 10, with 32 patients (40%) having a Tegner score of 9, 27 (33.75%) a score of 7, 11 (13.75%) a score of 6 and 6 
(7.5%) a score of 8. 

 50 children (62.5%) were involved in competitive sport and 30 (37.5%) in leisure activities. 
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 Regarding the circumstances of the initial trauma, 52 (65%) were by indirect mechanism and 28 (35%) by 
direct mechanism. 

 The majority of ligamentoplasties were performed after 255.55 days. 
 The average time to MRI was 81.63 days and the average time to first consultation was 123.41 days. 
 Similarly for the side of the lesion, the prevalence was the same for both sides, right and left. 

47 (58.75%) had an isolated ACL lesion, while 33 (41.25%) had an associated meniscal lesion. These meniscal lesions 
were divided into 22 secondary lesions (27.5%) and 11 acute lesions (13.75%). Secondary meniscal lesions included 
25 (15.6%) lateral lesions, 17 (10.6%) medial lesions and 2 (1.3) medial and lateral lesions. Acute meniscal lesions 
included 6 (7.5%) lateral lesions and 5 (6.25%) medial lesions. 

3.2. Analytical study  

- Surgery / corrected BMI: The mean corrected BMI in patients who underwent surgery was higher than in those 
who had conservative treatment (21 +/- 5 versus 19.4 +/- 2.9; p=0.05). 

- Operation/functional treatment: 28 of 80 patients received an attempt at conservative functional treatment 
initially but 20 (71.42%) ended up with surgical treatment. 52 children were scheduled for surgery, 51 were 
operated on and one case was lost to follow-up. 

- Sport / Age of initial trauma TI: The mean age of initial trauma was 13 years. The distribution of mean age at 
TI by type of sport is as follows: Handball: 13.8 +/- 1.2; Rugby: 13.6+/- .8; Tennis: 13.3 +/- 1.6; Basketball: 13.2 
+/-1.3; Football: 12.7 +/- 2.1; Skiing: 12.3 +/- 1.9. 

- Gender / Level of sport: 12 (52.17%) of the 23 girls included in the study were competitive sportsmen, and 38 
(66.66%) of the 57 boys were competitive. 

- Gender / Tegner : The majority of the boys took part in a sport with a higher average Tegner score than the 
sports taken part in by the girls. 

- Sports / Tegner : The breakdown of sports by Tegner score was:  
 Rugby and football had the highest Tegner score.  
 The rest of the sports had a lower Tegner score. 
- Meniscal injury / corrected BMI : Among patients with an ACL injury, those with an associated secondary or 

acute meniscal injury had a mean corrected BMI of 22.7 and 20.7 respectively, whereas those with an isolated 
ACL injury had a mean corrected BMI of 19.9. 

- Meniscal injury / Ligamentoplasty time: Secondary meniscal injuries resulted in a ligamentoplasty time of 
341.1 days. 

- Meniscal damage/functional treatment: Of the 28 patients undergoing functional treatment, 17 (60.71%) had 
no meniscal damage, but 11 (39.28%) had secondary meniscal damage. Among the 52 patients without 
functional treatment, 29 (55.76%) had no meniscal lesions, 12 (23.07%) with secondary meniscal lesions and 
11 (21.15%) with acute meniscal lesions. 

4. Discussion  

With regard to gender, 71.3% of the children were male and 28.7% female. The mean age at initial trauma (IT) was 

13.03 years. Contrary to what has been noted in the literature, namely that the majority of patients with ACL injuries 
are girls and that the difference in frequency depends on age, our study did not find such a correlation [26-27]. 

Over the last 30 years, there has been a rapid increase in ACL injuries in girls, due to the high risk of ACL injuries in 
young girls playing sport, 10 times more at high school and 5 times more at university. This significant change is due to 
anatomical and hormonal development [26-27]. This increase is probably a multifactorial phenomenon due to extrinsic 
and intrinsic factors. The intrinsic neuromuscular factor plays an important role in the risk of injury and is the most 
modifiable factor. Granan LP et al [28] show in a study that the incidence of injury in girls is approximately 2 times 
higher, but this figure underestimates the true incidence of ACL injuries, as the study does not include those that are 
treated conservatively [29]. 

The risk of ACL injury begins to increase significantly between the ages of 12 and 13 in girls, and 14 to 15 years in boys, 
which corresponds to puberty [29-30]. Pre-adolescent athletes show no gender difference in ACL injury rates [30]. 
Although ACL injury rates increase with age in both sexes, girls have higher rates immediately after the growth spurt. 
[29-30-31] In our study we did not find this age distribution, but we did find a mean age of initial trauma of 13.03 years 
+/- 1.94 with CI [12.06-14]. 
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It is likely that the increase in body weight, height and bone length during pubertal development increases the risk of 
ACL injury with age. 

Increased body weight is associated with greater joint strength which is more difficult to balance and cushion during 
the high speed of athletic movements. In pubescent boys, testosterone controls the significant increase in power, 
strength and muscular coordination, giving them greater neuromuscular control of these body dimensions. Pubescent 
girls do not have the same muscle growth spurt, which probably explains their higher rate of ACL injury compared with 
boys of the same age. [32]. 

The majority of the boys played a sport with a higher average Tegner score than the sports played by the girls. And most 
of the boys were also competitors. So we can see that this high level of sport in boys increases the risk of ACL injury. In 
the literature, there is little discussion of the relationship between level of sport and risk of ACL injury. 

The activities carried out by the patients included in this study were spread over different sports, the most frequent of 
which were rugby and football, but there was no link between sex and the distribution of sports, a notion that has been 
demonstrated by other studies [10]. In fact, a link was found between sport and the age of the initial trauma, given that 
the mean age of TI was 13.03 years. 

The majority of children had a high Tegner score and a competitive level of sport. 

The initial trauma was indirect in the majority of cases (65%). The typical position for an indirect mechanism (dynamic 
valgus of the knee) was: hips in internal rotation and adduction, tibia in external rotation, knee in extension and foot in 
eversion [34-35-36]. Similarly, the literature shows that at least 70% of ACL injuries are due to an indirect mechanism 
[37-38]. 

In this study, 65% of children received non-functional or even surgical treatment from the outset, and 35% received 
conservative treatment in the first instance. In the end, however, 90% of patients were operated on, indicating that 
conservative treatment, which was planned for 6 months, had failed and surgery was required. The average age of the 
patients operated on was 13.81 years. 

28 of the 80 patients received an initial attempt at conservative functional treatment, of whom 20 (71.42%) ended up 
undergoing surgical treatment. There was a significant relationship between functional treatment and the rate of 
surgery (p=0.001). 

The ACL has a poor healing capacity, with a high failure rate (40 to 100%), even after repair by surgical suture. The 
disappointing results of primary ACL repair led to the abandonment of this technique and the widespread adoption of 
ACL reconstruction. The treatment of ACL injuries in paediatric athletes is difficult and controversial. ACL rupture in 
children is not a surgical emergency [39-45]. 

In the past, delay in surgical treatment was very common; orthopaedic surgeons recommended non-operative 
treatment, including splinting, rehabilitation and restriction of sport for several months until the skeleton matured so 
that traditional ACL surgery could be performed safely [46-48]. 

Non-surgical treatment has been successful in a number of patients, but for reasons that are unclear [49]. 

Delayed surgery allows greater skeletal maturation, avoids iatrogenic disruption of the growth plate creating length 
inequalities or angular deformity, and allows the patient to gain psychological maturity, allowing for better post-
operative follow-up. Despite these advantages, the risk of recurrent instability, the appearance of meniscal lesions and 
osteoarthritic change cannot be neglected [25-50-51]. 

Open growth plates on both sides of the knee joint warrant particular caution prior to ACL reconstruction in children 
[52-53]. 

The treatment of ACL injuries in the paediatric population remains controversial as previously mentioned, as standard 
ACL reconstructions require the excavation of two bone tunnels, tibial and femoral, which traverse the open physes. 

Treatment algorithms for ACL tears in the paediatric population are universally different, and there is still debate about 
the optimal treatment for these injuries, creating a therapeutic dilemma for the treating physician [54-55]. 
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Surgery is not absolute. General indications for surgery include the patient's inability to participate in their preferred 
sport, instability that affects activities of daily living, the presence of an associated repairable meniscal lesion or the 
existence of several knee injuries. 

Many paediatric athletes and their parents refuse to limit their sporting activity. In such cases, ACL rupture in these 
non-surgically treated sports children may lead to further episodes of instability, meniscal damage and the development 
of early osteoarthritis as has been reported [56-25-57-58-59]. Therefore, the most recent literature supports early 
surgery for athletes in the paediatric population with ACL rupture and recurrent episodes of instability [56-60-55-25-
57-61]. 

There are different surgical techniques: 

- Either by passing through the growth plate: transphyseal surgery 
- Or sparing the growth plate: Extraepiphyseal or Epiphyseal. 
- There is no consensus on the best method for treating an ACL rupture in a paediatric athlete [62-63]. 

Regardless of the type of treatment, athletes with ACL injuries are up to 10 times more likely to develop early onset 
knee osteoarthritis, a condition that not only limits their ability to participate in sports, but also often leads to secondary 
pain and functional disability [64-65]. A systematic review of a series of long-term studies suggests that after 10 to 20 
years of ACL injury, the rate of knee osteoarthritis is over 50% [65]. 

However, one of the 5-year prospective studies showed that patients who had ACL reconstruction had a higher level of 
knee osteoarthritis on X-ray and bone scan, compared with patients who did not have ACL reconstruction [66]. 

An accurate understanding of the athlete's physical maturity, by determining bone age and Tanner stage, helps to 
identify the best treatment for the patient [68-69]. When surgical treatment of paediatric ACL injuries is performed, it 
is essential that appropriate measures of skeletal development are assessed preoperatively and postoperatively. 

Furthermore, the maturation and adaptation of the graft during the growth of the remaining skeleton is still unknown, 
and there is debate regarding the possibility of an increased risk of recurrence in adulthood related to disturbances in 
biomechanical properties. [70-71-72]. 

High activity levels and early sports specialisation may predispose children and adolescents to early failure [73-74]. We 
must therefore consider the possibility that a thinner graft in adolescents may predispose them to recurrence in 
adulthood following low-energy trauma. 

Studies of competitors, most of whom were over 18 years of age, in a variety of sports have shown that 78% to 91% 
returned to sporting participation after ACL reconstruction [75]. However, only half returned to their previous level. 

ACL reconstruction remains the technique of choice, especially for young individuals and athletes aiming to return to a 
high level of activity (19,23 - 39,45). Without surgery, few athletes are able to return to the same level they had before 
the injury [7], and even ACL reconstruction cannot guarantee a return to the initial level [76]. Thus, those athletes who 
do return successfully to activity are at high risk of recurrent injury [77], with a less favourable outcome [78]. 

Patients who underwent surgery had a higher mean corrected BMI than those who did not (21 +/- 5 versus 19.4 +/- 2.9; 
p=0.05). 

There is therefore an association between the incidence of ACL injury and an increase in corrected BMI. In the literature, 
a high BMI has been associated with an increased risk of ACL injury [79]. 

With regard to meniscal lesions associated with ACL rupture, in the study 58.75% of patients had an isolated lesion, 
whereas 41.25% had an associated meniscal lesion. Secondary lesions were more frequent than acute lesions. 
Involvement of the lateral meniscus was more frequent in acute and secondary cases, but this was statistically 
insignificant. In the literature on the adult population, it is well known that acute meniscal lesions tend to be lateral and 
secondary meniscal lesions tend to be medial [79]. 

In our study, secondary meniscal lesions appeared after a ligamentoplasty delay of 341.1 days, and the association 
between ligamentoplasty delay and the appearance of secondary meniscal lesions is statistically significant (p=0.01). 
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Consequently, we conclude that it is necessary to try to perform the ligamentoplasty before 341 days following the 
initial trauma in order not to increase the risk of having a medial or lateral meniscal lesion [80]. 

Among 28 patients who had undergone functional treatment, 17 (60.71%) showed no meniscal lesions, while 11 
(39.28%) had secondary meniscal lesions. We also found a link between functional treatment and secondary meniscal 
lesions (p=0.001). Over time, when functional treatment is initiated, the risk of developing secondary meniscal lesions 
is high. 

Children treated by ligamentoplasty after 150 days following an ACL injury have a higher rate of medial meniscal injury 
compared with those treated before 150 days [50]. 

Abnormal joint forces in an ACL-injured knee are associated with an increased risk of meniscal damage, the normal 
function of which is to absorb shock and transmit load between the tibia and femur [80]. 

With each episode of knee lift, meniscal lesions can become more complex and the possibility of repairing them becomes 
less and less obvious [86]. After ACL injury, increasing age, male gender and delayed surgery increase the frequency 
and severity of meniscal and/or articular cartilage damage [82]. 

The incidence of a medial meniscal lesion increases even after 1 year of an ACL rupture, and it is the reconstruction of 
the ACL that can halt the degradation of the meniscus even after 1 year of the initial trauma [83]. It has been well 
demonstrated that meniscal injuries lead to degenerative lesions [84-85]. 

Among patients with ACL injury, those with associated acute or secondary meniscal injury had a mean corrected BMI of 
22.7 and 20.7 respectively. There was a link between corrected BMI and meniscal lesions (p=0.01). 

It can be seen that as the corrected BMI increases, so does the risk of having a meniscal lesion, and more specifically a 
secondary lesion. Significant associations have been demonstrated between increased BMI and meniscal surgery in both 
sexes, including the obese, in the adult population [86]. In paediatrics, this correlation has never been found. 

The limitations of this study are its retrospective nature, the relatively small sample size and the imprecise definition of 
secondary meniscal lesions. 

The strengths are the presence of 2 groups of patients, one treated surgically and the other by functional treatment in 
the same study, which is not very common in the literature; the study of several parameters and the fact that it is both 
descriptive and analytical. 

5. Conclusion 

In the paediatric population, children who had functional treatment developed secondary meniscal lesions requiring 
delayed surgical management. It would therefore seem advisable for young athletes to undergo surgical treatment from 
the outset. There was a positive correlation between corrected BMI and meniscal lesions. 
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