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AbstrAct
In recent years, the incidence of anterior cruciate ligament (ACL) injuries in skeletally immature athletes has increased exponen-
tially. Although numerous techniques have been developed to stabilize the knee while minimizing the risk of physeal injury, ACL 
reconstruction in young patients remains associated with a high graft failure rate. The anterolateral ligament has recently gained 
considerable attention due to its role in anterolateral rotational stability. The objective of this article is to describe the surgical tech-
nique used by the authors to perform a combined ACL reconstruction and anterolateral tenodesis in patients with open physes 
who are at high risk of ACL re-tear.
Keywords: Modified Lemaire tenodesis; pediatric; anterolateral ligament; anterior cruciate ligament.
Level of Evidence: V

tenodesis extrarticular lateral de Lemaire modificada en pacientes esqueléticamente inmaduros. 
Nota técnica 

rEsumEN
La incidencia de lesiones del ligamento cruzado anterior en deportistas esqueléticamente inmaduros ha aumentado, de manera 
exponencial, en los últimos años. Si bien se han desarrollado numerosas técnicas que permiten estabilizar la rodilla minimizando 
el riesgo de lesión fisaria, la reconstrucción del ligamento cruzado anterior en pacientes jóvenes sigue vinculada a una alta tasa 
de fracaso del injerto. El ligamento anterolateral ha despertado un considerable interés recientemente debido a su papel en la 
estabilidad rotatoria anterolateral. El objetivo de este artículo es describir la técnica quirúrgica utilizada por los autores para rea-
lizar una reconstrucción combinada del ligamento cruzado anterior y tenodesis anterolateral en pacientes con fisis abiertas que 
presentan un riesgo elevado de re-rotura del ligamento cruzado anterior. 
Palabras clave: Tenodesis de Lemaire; niños; ligamento anterolateral; ligamento cruzado anterior.
Nivel de Evidencia: V

INTRODUCTION
The incidence of anterior cruciate ligament (ACL) injuries in skeletally immature athletes has increased ex-

ponentially in recent years.1,2 Current literature favors early surgical management in children when the injury is 
complete and the knee is clinically unstable. Although numerous techniques have been developed to stabilize the 
knee while minimizing the risk of physeal injury, ACL reconstruction in young patients is still associated with a 
high rate of graft failure.3 The anterolateral ligament (ALL) has recently attracted considerable interest due to its 
role in anterolateral rotational stability.4,5 This has led surgeons to consider lateral extra-articular tenodesis (LET) 
and ALL reconstruction techniques as adjuncts to ACL reconstruction.

In biomechanical studies, both procedures have been shown to significantly reduce internal tibial rotation and 
anterolateral rotational instability. When combined with ACL reconstruction, they restore anterior tibial transla-
tion to levels comparable to those seen in healthy, native knees.6 
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Clinical studies have demonstrated significant advantages, including lower graft rupture rates, improved knee 
stability, and higher rates of return to sports.7

Due to the proximity of the femoral insertion of the ALL, techniques commonly used in adults may pose a risk 
to the lateral physis of the distal femur in pediatric and adolescent patients.

The aim of this article is to describe the surgical technique used by the authors to perform a combined ACL and 
ALL reconstruction (LET) in patients with open physes who present a high risk of ACL re-tear.

SURGICAL TECHNIQUE 
Indications

The authors’ current indications for ACL reconstruction combined with LET in patients with open physes are: 
1) Revision of a failed ACL reconstruction; 2) a high-grade pivot shift on clinical examination; 3) generalized liga-
mentous hyperlaxity; 4) high-performance athletes engaged in sports requiring pivoting movements.

Description of the Procedure
The patient is placed in the supine position under spinal anesthesia, with a hemostatic cuff applied. A single 

dose of 1 g of cefazolin is administered preoperatively. Aseptic and antiseptic preparation is performed, and sur-
gical drapes are placed according to standard technique. After exsanguinating the affected limb with an Esmarch 
bandage, a hemostatic cuff is inflated to 250 mmHg.

Following ACL reconstruction, the knee is positioned in approximately 80° of flexion, and a longitudinal inci-
sion of about 5 cm is made, 1 cm posterior to the lateral femoral epicondyle, starting 2 cm proximal to Gerdy’s 
tubercle. If greater visualization is required, particularly in patients with abundant subcutaneous tissue, the inci-
sion can be extended proximally. The anterior and posterior borders of the iliotibial band (ITB) are dissected and 
identified. A strip of ITB measuring 6–8 cm in length and 1 cm in width is harvested from its posterior half, ensur-
ing that the distal insertion at Gerdy’s tubercle remains intact. A No. 1 Vicryl™ suture (Ethicon Inc., NJ, USA) 
is placed at the free end of the graft. The lateral collateral ligament (LCL) is identified by palpation with the leg 
in a figure-four position. Two small capsular incisions are made anterior and posterior to the proximal portion of 
the LCL, and a dissection is carried out from anterior to posterior to create a passage for the graft. It is crucial to 
remain extracapsular and avoid damaging the popliteus muscle or the LCL. The ITB graft is then passed under 
the LCL from distal to proximal using double utility forceps. The femoral fixation point is determined at the level 
of the lateral epicondyle, below the physis, using fluoroscopic guidance (Figure) A 3.5 mm or 2.8 mm titanium 
or bioabsorbable anchor is placed, depending on the patient’s size. When inserting the anchor, care must be taken 
to avoid invading the physis or damaging the femoral attachment of the ACL, as the suspensory button anchor is 
in close proximity. With the knee flexed at 90° and the foot in neutral rotation to prevent overconstriction of the 
lateral compartment, the graft is held taut and secured with the anchor sutures. The wound is irrigated, hemostasis 
is confirmed, and the wound is closed in layers. The ITB is repaired with interrupted No. 1 Vicryl™ sutures up to 
the level of the transverse retinacular ligament.

Postoperative Management
All patients follow the same rehabilitation program used after ACL reconstruction. This includes the use of a 

knee immobilizer and crutches for 10–14 days, with immediate partial weight-bearing (50% of body weight) and 
an allowed range of motion from 0° to 90° immediately after surgery. After the first two weeks, weight-bearing 
and range of motion are increased as tolerated. Rehabilitation focuses on maintaining full extension and promot-
ing early quadriceps activation.

Cycling exercises are introduced approximately four weeks after surgery, along with a progressive strengthen-
ing program. Straight-line jogging and agility training begin at four months postoperatively, progressing to sport-
specific training and jumping exercises.

At six months, patients undergo a functional return-to-sport assessment, which includes evaluations of range 
of motion, strength, thigh circumference, balance, and functional performance. Any identified deficiencies are 
addressed. Return to sport is gradual and typically begins between 10 and 12 months, depending on the results 
of the functional assessment.
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Figure. Surgical technique. A. Anatomical parameters. B. Surgical approach, graft harvest and dissection of the lateral 
collateral ligament (LCL). C. Graft passage, fluoroscopy-guided femoral fixation and iliotibial band (ITB) closure. 
D. Immediate postoperative radiograph. 
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DISCUSSION
This article describes the technique used by the authors to perform combined ACL and ALL reconstruction in 

patients with open physes who are at high risk of ACL re-tear. The surgical technique involves placing an iliotibial 
band graft as an anterolateral tenodesis, with a femoral fixation point guided by intraoperative fluoroscopy to avoid 
injuring the distal femoral physis or interfering with the ACL tunnel. The advantages and disadvantages of this 
procedure are summarized in Table 1. 

Table 1. Advantages and disadvantages of the combined anterior cruciate ligament and LET technique in 
skeletally immature high-risk patients.

Advantages Disadvantages

Preserves the femoral and tibial physis. Increases surgical time

Provides additional rotational stabilization Requires an additional incision

Decreases the tear rate of the anterior cruciate 
ligament graft.

Overtightening of the tenodesis can lead to overconstriction of 
the knee and restriction of rotational motion.

Intraoperative fluoroscopy required

LET =  lateral extra-articular tenodesis.

The ALL is located in the lateral region of the knee, anterior to the LCL. Recent anatomical and biomechanical 
studies have highlighted the role of this extra-articular anterolateral structure and its synergistic relationship with 
the ACL in maintaining rotational stability of the knee. Although the specific indications for these procedures 
remain a topic of debate, recent studies suggest that this surgery significantly reduces the risk of ACL recon-
struction failure.8,9 In a randomized controlled trial, failure rates at two years were reported as 11% for primary 
ACL reconstructions using a hamstring autograft (semitendinosus/gracilis) and 4.5% for ACL reconstructions 
combined with LET (modified Lemaire technique), with no significant differences in patient-reported subjective 
outcomes.9

The addition of lateral extra-articular procedures has also been shown to be effective in pediatric patients, 
although the available literature on this population remains limited. A recent systematic review10 analyzed 381 
pediatric patients (mean age 11.73 years, range 5.6–16) with a mean follow-up of 50.1 months. The overall graft 
failure rate was 4.65% (range 0–13.6%), which is comparable to that reported for ACL plus LET reconstruction 
in adults. The return-to-sport rate was high (95.11%), with good functional scores (Lysholm mean 94.51 and 
Pedi-IKDC 93.39).

Although multiple studies have been conducted on the anatomy of the LCL, some controversy remains regard-
ing its anatomical insertions. A pediatric cadaveric study11 demonstrated that the popliteal insertion and the origin 
of the LCL are consistently distal to the distal femoral physis, suggesting that tunnels or drill holes should be 
positioned within the epiphysis. Due to the smaller size of pediatric knees, the proximity of the femoral tunnel 
for ACL reconstruction, and the undulating shape of the distal femoral physis, caution is necessary when secur-
ing the graft to the epiphysis. Our current preference is to use a 2.8 mm or 3.5 mm harpoon, which eliminates 
the need for a tunnel that could interfere with the ACL tunnel. The same study11 also found that the iliotibial band 
insertion at Gerdy’s tubercle had an inconsistent relationship with the physis, being proximal to the physis in six 
specimens and distal in three. For this reason, we currently prefer to leave the iliotibial band insertion intact and 
avoid additional tibial fixation.

It remains unclear whether performing LET in skeletally immature patients increases the risk of growth distur-
bances due to the forces exerted on the growth plate. In the same study by the SANTI group,10 1.9% of patients 
developed a coronal plane deformity, and 0.8% had a limb length discrepancy. The authors of this article are 
currently evaluating a series of 48 patients aged 13 to 18 years who underwent the described surgical procedure, 
with 61% being skeletally immature. None of these cases have shown angular deformities or limb length discrep-
ancies.
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In summary, this article presents a surgical technique for combined ACL reconstruction and anterolateral tenode-
sis in pediatric patients with open physes. We emphasize the importance of intraoperative fluoroscopy and precise 
anatomical knowledge of the distal femoral physis and ALL insertions to prevent complications related to physeal 
injury (Table 2). While preliminary results in this high-risk population are promising, further studies are needed to 
validate clinical outcomes and assess potential complications in this patient group.

Table 2. Important aspects to avoid complications.

Insufficient graft length (<6 cm) may hinder femoral fixation.

To avoid damage to the physis, epiphyseal femoral fixation should be performed under fluoroscopic control.

Consider the anatomy of the distal femoral physis (wavy shape) at the time of femoral fixation. 

Fixation with a 3.5 mm anchor allows fixation of the graft in the epiphysis without the need for tunneling.

Avoid confluence of the anchor with the femoral tunnel of the anterior cruciate ligament.

If the tibia is in external rotation during LET tension and fixation, it may result in overconstriction of internal rotation of 
the knee.

If the tibia is in internal rotation, it may result in laxity of the graft and impede the protective effects of the LET.

LET =  lateral extra-articular tenodesis.
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