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Background: The incidence of anterior cruciate ligament (ACL) tears in pediatric and adolescent
populations has increased significantly, rising approximately 2.3% annually. Management remains
controversial due to the competing risks of secondary meniscal or chondral degeneration from knee
instability versus potential growth disturbances following surgical reconstruction in skeletally immature

patients.

Objective: This article aims to define the clinical indications for surgical intervention and clarify the

contemporary role of conservative management in growing children with ACL injuries.

Key Points: Initial assessment requires differentiating physiological joint laxity from symptomatic
instability and utilizing MRI to identify concomitant meniscal pathology, despite lower diagnostic
specificity in younger children. Conservative management, involving a three-phase neuromuscular
rehabilitation protocol, may be appropriate for patients under 12 years (Tanner stage 1) who exhibit perfect
stability and no associated lesions. However, longitudinal data indicate that up to 57% of non-operative
patients eventually require reconstruction due to secondary instability or meniscal tears. Surgical
techniques, categorized as all-epiphyseal or transphyseal, must prioritize tendon grafts, small-diameter
tunnels, and physeal-sparing fixation. While reconstruction facilitates a high rate of return to sport
(approximately 80—93%), complications include a 4—8.7% risk of growth disturbances and high rates of graft

rupture or contralateral injury.

Conclusion: Pediatric ACL management requires individualized strategies based on skeletal maturity and
clinical stability. While conservative protocols are viable for select stable patients, surgical reconstruction is
indicated for persistent instability or associated meniscal tears to prevent long-term degenerative changes.

Combined anterolateral procedures and delayed return to sport may mitigate high graft failure rates.
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Practising sport is a key part of life in the developed world and anterior cruciate ligament (ACL) tear has become a
common pathology, even in the paediatric population. In fact, ACL tears account for around 25 to 30% of knee
injuries in young athletes[1],[2] . Over the past twenty years, the incidence of these injuries has risen significantly,
growing by around 2.3% per year, with a peak noted in teenagers[3]. This rise is based on a number of factors: an
increase in the number of young people taking part in sport, specialising in a sport at an early age and the heavy
burden of training and competing[4]. The management of growing children who have an ACL tear nonetheless
remains a contentious issue, both in terms of the role for conservative and surgical treatments and the timing of

management. This controversy is based on two main problems:

On the one hand, the natural course of ACL tears and the repeated episodes of instability provide the conditions
for the onset of meniscus and/or cartilage tears and the development of secondary osteoarthritis[s],[6]. In a study
by Hagmeijer et al. which looked at 1398 ACL tears, the rate of secondary meniscectomy was 16%. This rate was
significantly lower for the group of patients who had surgical ACL reconstruction within 6 months (6%) than in
the group who had surgery after 6 months (33%, p<0.01) and the group who had non-surgical management (19%,
p<o.01)[7]. Similarly, Neyret et al. reported an 86% rate of osteoarthritis after meniscectomy due to knee

instability over an observation period of 30 years[8].

Conversely, although surgical treatment restores knee stability and means that sporting activities can be
resumed, the earliest clinical studies reported a high rate of growth disturbances[g]. Moreover, since many
children, especially the very youngest, do not present instability then it is not a foregone conclusion that their

meniscal prognosis will be so poor.

The purpose of this article is to define the indications for surgical treatment and clarify the role for conservative

treatment today.

Specific considerations for examining children

The assessment of a growing child who is suspected to have a torn ACL must be based on a focused interview, a
thorough physical examination and a complete imaging investigation. Some findings on the clinical examination
that are specific to children could lead to confusion or complicate initial diagnosis. The interview must ask about
any episode(s) of instability, a “pop” or “crack” heard during physical activity and any onset of haemarthrosis. On
physical examination, children often present with generalised joint laxity that is not pathological. This can
translate into genu recurvatum, anterior-posterior knee laxity or even physiological rotatory laxity, even in a
healthy kneeio. This laxity in translation and rotation resolves with growth 11 and it should not be mistaken for
instability. The difference is that laxity is an objective sign found on clinical examination while instability is a
symptom experienced by the patient. Furthermore, children often tolerate instability well and painful symptoms
are a secondary concern. In our experience, if the pivot shift test is performed and this reproduces the symptoms

experienced by the patient, this is clinical evidence that points to instability. It is important not to hold back from
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looking for this functional discomfort, repeating the manoeuvre and asking the child if they recognise the

sensation.

Additional assessments should include AP and lateral view radiographs of the injured knee to exclude a fracture
and one of the elbow or wrist to determine bone age. An MRI should be performed to confirm the diagnosis of ACL
tear and to look for any associated meniscus or cartilage damage. It is important to note that MRI imaging
presents some features in children that may on occasion be difficult to interpret. The menisci of young children
are richly vascular, and this gradually decreases until the adult configuration is reached. This
hypervascularisation can sometimes lead to false positives on MRI[12]. Dawkins et al., in a series of 406 patients
under 18 years of age who had undergone surgical ACL reconstruction, reported only a 75% sensitivity and 72.1%
specificity for the diagnosis of meniscus tears on MRI. Specificity is significantly lower in patients aged < 13

years[13].

Objectives of initial management

The three main objectives when managing ACL tear in children are:

The two potential treatment options to achieve these goals are conservative treatment, consisting of a programme

of functional rehabilitation, or ACL reconstruction and possible meniscus repair.

Protocol

Unfortunately, in the literature conservative treatment and non-surgical treatment are often confused.
Conservative treatment is based on two key aspects: delivery of a thorough and supervised rehabilitation protocol

plus regular follow-up in line with a standardised formula.

The rehabilitation protocol includes three main phases and is based on targeted exercises to recover the range of

motion of the joint, neuromuscular control and muscle strength[15]:

The first phase (Do-D45) focuses on reabsorption of joint effusion fluid, recovery of the range of motion of the
joint, especially in full extension, and gradually waking up the quadriceps as well as control of the weight-bearing
knee. Once the knee is under control in weight-bearing and walking is possible, a programme of closed kinetic

chain exercises to strengthen the quadriceps can be started.

The aim of the second phase (D45-Dgo) is to help the patient return to activities of daily living. With this goal in
mind, a programme of overall muscle strengthening using open kinetic chain and proprioception exercises is

used to regain neuromuscular control in single leg weight-bearing.

The third phase (>D90) consists of readapting to practising sport and is based on plyometrics. The goal is to
perform one-legged jumps and direction changes with good proprioceptive control of the injured knee and also
the healthy knee.

Regular monitoring of these patients is also crucial because of the ambiguous symptomatology in children. This
monitoring may consist of a meticulous clinical examination and an MRI if there is any doubt or any episodes of
instability are reported, even if it is just a single event. In our practice, young patients are reassessed at D45/

D120/D180 and then on an annual basis to make sure that they are adhering to treatment and tolerating it well.
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Sport can be resumed at 4 months. For some, wearing a hinged brace is advisable when playing pivot sports but it
only offers relative protection which only has a proprioceptive component. Based on our experience, we prefer to

use a simple soft knee support.

In addition, we recommend four to five sessions of maintenance physiotherapy per year, often in September, to

adjust any proprioceptive imbalance that has developed, as is likely to occur while a child is growing.

RESULTS
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Table 1: List of recent studies evaluating the outcomes of conservative treatment of ACL tears in children and

teenagers with open growth plates

Historically, because there was no suitable surgical technique, all growing patients who presented with an ACL
tear were treated non-surgically. These treatments in the past did not include any standardised rehabilitation
protocol, or when there was one, it focused only on muscle strength. Taking a retrospective view, the results were

disappointing. Between 95% and 100% experienced secondary instability[6],[16],[17], often tall children.

Moksnes et al.[18] prospectively monitored the incidence of meniscus and cartilage tears in a group of 40 patients
with an average age of 11 years (41 knees with open growth plates) treated non-surgically with a mean follow-up of
3.8 years. Their physiotherapy protocol permitted resuming activities wearing a custom-made knee brace. 13
knees (32%) underwent surgical ACL reconstruction for one of the three following reasons: persistent instability
in spite of the physiotherapy protocol, a symptomatic meniscus tear or the reduction achieved was not acceptable
for the activity level required. 8 patients (19.5%) needed surgical management because they developed a meniscus
tear during follow-up (6 also had ACL reconstructions and 2 had meniscal suture repair only). In 2018, we
published a retrospective study that included 53 patients under 18 years of age (Madelaine et al[19]). In contrast to
other studies looking at conservative treatment, there were precise selection criteria: no episodes of instability, or
only one, and no meniscus tear warranting consideration for surgery. Ultimately, only 30% of patients managed
for ACL tear were enrolled in this conservative protocol. The mean age of patients in the series was 12.2 years and
the patients were reviewed over a mean observation period of 31.5 months. All patients initially followed a
functional rehabilitation programme and then a gradual return to sporting activities (including pivot sports)
without restriction. We reported that 9 patients (17%) presented a secondary meniscus tear and only one patient
(2%) needed a secondary meniscectomy. Surgical ACL reconstruction was performed for 21 patients (40%) due to

the onset of instability and/or a secondary meniscus tear. Any instability, even if only one single episode, was a
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factor for later surgery. These observations prompted us to perform more rigorous patient selection and to offer

surgery following the slightest instability even if the physiotherapy protocol had been followed correctly.

Some authors have found the age of the child to be a factor that influences the outcome of conservative treatment.
For Moksnes et al.[20] conservative treatment could be a viable option for children under the age of 12 as long as
there is no meniscus and/or cartilage tear. In our study (Madeleine et al19]), none of those in our youngest
patient group (Tanner maturity stage 1) needed surgery during the prepubertal phase. It would seem to be quite
clear that children in this age range are relatively good candidates for conservative treatment. However, puberty
appears to be a sharp turning point after which episodes of instability appear. Dumont et al. found that age over 15
years, weight exceeding 65 kg and a wait of over 150 days between the accident and surgery were significantly
associated with an increase in tears to the medial meniscus and cartilage[21] . The same seems to apply as in
adults: time appears to be a determining factor in the onset of episodes of instability and secondary tears. In this
respect, Ekas et al., who used less restrictive criteria than were applied in our study, reported secondary meniscus

tears in 30% and ACL reconstruction in 57% with a mean observation period of 9.5 years[22].

The Moksnes et al. study included 46 children aged < 12 years who were assessed after two years observation.
They reported that 85% of their patients had practised a contact pivot sport prior to surgery as against only 50% of
patients managed non surgically and 40% of patients who underwent surgical ACL reconstruction[20]. These
observations were confirmed in the longer term by Ekas et al. in a group of 44 patients aged < 13 years and after a
mean observation period of 8 years. At the last follow-up, 24 patients (55%) had undergone surgical ACL
reconstruction and 16 (36%) had undergone meniscal surgery. The patient-reported IKDC score at the final follow-
up was 90.6/100 in the non-operated group and 86.3/100 in the operated group. 91% of patients remained active,
with 35% of non-operated patients and 33% of operated patients practising a pivot or pivot-contact sport. Only

56% of patients were able to resume their original level of sporting practice[23].

Therefore, in patients with perfect knee stability who adhere to treatment and have no meniscus or cartilage
tears, conservative treatment is appropriate and can be offered, at least initially. However, if any instability
develops, since the time between the accident and surgery is a factor for developing meniscus and cartilage
tears22, it is essential to firstly advise the patient and their parents that they should consult their doctor following
any episode of instability, effusion, blockage or pain, and secondly regular and routine follow-up should be set up.
Furthermore, we believe that it is preferable for this management to be supervised by a surgeon who will know

when the time has come to suggest surgery and, in this way, minimise the risk of a secondary meniscus tear.

Voices in the literature are unanimous on the need for surgical management in children with a meniscus or
cartilage tear and/or persistent symptoms of instability in spite of a functional rehabilitation programme that has

been correctly followed. They require surgical management of their ACL tear[15].

For some teams, the technique is chosen on the basis of the child’s residual growth potential. To evaluate this, it is
crucial to separate out chronological age and bone age and to adopt a more global approach. This should take into
account firstly the clinical sexual maturation criteria from the Tanner classification (Figure 1), and secondly
radiography of the left hand and/or elbow to determine the child’s bone age[14] . It is largely acknowledged that
Tanner stage 4, a bone age > 13.5 years in girls and 15.5 years in boys, and the onset of menstruation in girls, are
factors pointing to completed bone growth in the knee. This means that it is appropriate to discuss ACL

reconstruction using an adult technique.
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Figure 1: Tanner classification of pubertal maturation

However, there are many ACL surgical reconstruction techniques for use in the paediatric population. These

techniques must follow a few key principles:

« In view of the risk of growth disturbances secondary to grafting of the patellar ligament, it is better to use a
tendon graft.

« Small diameter tunnels should be used (< 9 mm)

« No hardware to fix the graft in place should be attached over growth plates

« The shell of perichondrium must be spared especially at the lateral condyle (over the top technique)

To comply with these rules, the two broad categories of technique used are: all-epiphyseal and transphyseal
techniques (Figures 2 and 3). The advantage of transphyseal techniques is that vertical, round and oblique tunnels
can be created, meaning that the diameter of the tunnel in the growth cartilage can be reduced. With epiphyseal
techniques, fixation is done away from the growth cartilage. However, they are more technically demanding to

perform.
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Figure 2: All-epiphyseal technique (from Ardern et al. [34])
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Figure 3: Transphyseal technique (from Ardern et al. [34])

RESULTS

The multicentre study conducted by the SFA[24] [Société Francaise d’Arthroscopie; French Society of Arthroscopy]
reported that 80% of patients resumed the same sport but 10.4% had a poor functional outcome (patients with
IKDC grades C and D).

A recent systematic review|[25] showed a 93.2% rate of return to sport (resuming at pre-surgery level: 77.9%) and a
patient-reported IKDC score exceeding 9o. In the Moksnes et al. series [20] which included 46 patients who
followed conservative treatment there was a 91% rate of resuming sport, but the mean patient-reported IKDC

score was 82.9.

COMPLICATIONS

Complications of ACL surgery arise commonly in children. For De Francesco et al. 25, almost one in six operated
patients will need surgical revision within three years of ACL reconstruction. Wall et al. reported a secondary

complications rate of 48% and a surgical revision rate of 37%[26].

In a series of 193 patients aged < 13 years who had undergone ACL reconstruction, Hansson et al. reported that

45% went on to have secondary surgery with a mean observation period of 6.9 years: 12% for a subsequent tear,
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21% for a pathology other than subsequent tear and 12% for a tear of the contralateral knee. The patients that had
been given a more restrictive post-operative protocol (immobilisation, gradual recovery of range of motion,
resuming sport > 9 months) had a significantly lower rate of revision surgery (8% versus 19%, p= 0.016)[27].
Younger patients aged < 19 years are recognised as being more at risk of onset of a further ACL injury and this
must be taken into account in the management of children. In this respect, Dekker et al. reported high rates of
both subsequent tear (19%) and contralateral tear (13%). Once again, the authors emphasise that delaying a return

to sport was a factor that protected against a further ACL injury[28].

It has today been demonstrated that also reconstructing the anterolateral ligament significantly reduces the risk
of subsequent tear in adults[28],[29]. There remains minimal data on this strategy in the paediatric population in
the literature, but what there is does appear to also support addition of an extra-articular procedure to the ACL
reconstruction. Foissey et al. reported a 2.6% rate of subsequent tear with a mean observation period of 57
months[30]. Similarly, Monaco et al. and Perelli et al.[31],[32] report respective rates of subsequent tear of 14.7%
and 15% in patients who underwent isolated ACL reconstruction as against 0% and 6.3% if they also had
anterolateral ligament reconstruction. In future, we will be able to select the children who will benefit the most

from this type of procedure.

Growth disturbances have historically been the most feared complication. These fall into three different
categories: epiphysiodesis, growth acceleration and growth arrest[33] (Figure 4). Growth acceleration appears to
be more common in young children. It can result in leg length discrepancies if there is symmetrical growth
acceleration, or to deformities in the frontal plane (especially valgus deformities) when growth is asymmetrical.
The clinical impact of this kind of complication is usually not as significant as that of an epiphysiodesis but it may
mean that surgical revision is needed. For example, Cordasco et al. looked at 23 patients and reported that 26%
had leg length discrepancy > 5 mm and 9% exceeding 15 mm]|34]. Foissey et al. described two cases out of 39
patients (5%) with growth disturbance exceeding 10 mm. Only one of these needed surgical revision|[30]. In a
recent meta-analysis that included 45 studies and 1329 patients [35], the rate of repeat tear was 8.7 %, or 115
patients. A total of 58 patients presented growth disturbances, equating to 4%. Moreover, of the patients who
presented growth disturbances, only 27.6% needed surgical revision. However, of the patients that had a
subsequent tear, 94.6% underwent revision surgery. The authors of this meta-analysis suggest that greater

emphasis should be placed on preventing subsequent tears in this population.
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Figure 4: The three types of growth disturbance (from Chotel et al. 33). Type a corresponds to either central
(complete arrest) or peripheral (axial deformity) growth arrest, type b is growth acceleration (overgrowth) and

type c is growth deceleration due to the implanted tendon exerting pulling forces.

CONCLUSION

The incidence of ACL injuries is growing steadily in children. This is an injury that should never be
underestimated because of the potentially serious consequences. Appropriate treatment must be chosen on a
case-by-case basis depending on whether or not there is instability, an associated meniscus or cartilage tear, and
taking the child’s residual growth potential into account. Conservative treatment must include close clinical
monitoring and an MRI should be ordered if the slightest doubt persists over the absence of secondary meniscus
tears (figure 5). Surgical treatment must use a technique that is appropriate for the child’s growth potential.
Complications of surgery include, among others, growth disturbances and subsequent tear. The rate and clinical
impact of repeat tears are considerably greater than those of growth disturbances, which remain rare. A delayed
return to practising sport in conjunction with anterolateral ligament reconstruction may be key factors in the

prevention of subsequent ruptures of ACL graft in children.
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