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Anterior cruciate ligament (ACL) tear is a common clinical injury, and ACL reconstruction has reached a very mature stage. However, with the accumulation of cases, scholars have found that isolated ACL reconstruction may not completely solve the problem of knee rotational stability. With the increase in our understanding of knee joint structure, ACL combined with anterolateral ligament (ALL) reconstruction has become accepted by most scholars, and this operation has also achieved good clinical results. At present, there is no unified surgical method for ACL combined with ALL reconstruction. There are differences in bone tunnel location, reconstruction methods, and graft selection. Compared with the independent reconstruction of the ACL and ALL during the operation, shared tendon graft reconstruction of the ACL and ALL has the advantages of preserving tendon and avoiding tunnel convergence. So far, there is no relevant literature summarizing the reconstruction of the ACL and ALL with a shared tendon graft. This paper reviews the anatomic study of the ALL, the study of isometric points, surgical indications, and surgical methods and their classification for shared tendon graft reconstruction of the ACL and ALL.
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1. Background

The anterior cruciate ligament (ACL) has attracted much attention in the segment of the population with high sporting requirements. According to statistics, the annual incidence of ACL tear is 68.6/100,000, and the incidence in men is significantly higher than that in women (1). However, 10%–20% of patients with ACL reconstruction still have anterior–posterior and rotational instability of the knee (2, 3). There are many factors leading to instability of knee rotation, such as increased tibial posterior inclination, lateral meniscus injury, and lateral complex injury. In 1879, Paul Segond discovered the course of a pearl-like, resistant fiber band and the anatomical structure of the attachment point of the tibia and femur. This ligament showed extreme tension during forced internal rotation of the knee (4). In 2012, Vincent et al. named this ligament the anterolateral ligament (ALL) (5). By 2013, Dr. Carl Claes, a Belgian doctor, had qualitatively and quantitatively studied the course of the ALL and the anatomical structure of the tibia and femur attachment points through autopsy and imaging technology (6). Many scholars began to test the biomechanics of the ALL, attempting to determine the anatomical function of the ALL, the impact of ALL rupture on the knee, and the effect of using various graft sources to reconstruct the ALL. With a heightened understanding of the anatomy and biomechanics of the ALL, ACL combined with ALL reconstruction had come to be widely accepted for the treatment of patients with a high pivot shift test score and ACL reconstruction failure. However, there is no unified surgical method for ACL combined with ALL reconstruction. There are differences in bone tunnel positioning, knee flexion angle during graft fixation, reconstruction methods, and graft fixation methods. Shared tendon graft reconstruction of the ACL and ALL has the advantages of preserving tendon and avoiding tunnel convergence. At present, no scholars have summarized the surgical methods or classification of this operation. This paper reviews the anatomical study of the ALL; the study of isometric points; and the surgical indications, methods, and classification of the joint reconstruction of the ACL and ALL with a shared tendon graft through the femoral tunnel.



2. Anatomical structure of the ALL

The anatomy of the ALL remains controversial. In the study of human specimens, the rate of detection of the ALL varies from 12% to 100% (7–11). In most specimens, the ALL can be regarded as a ligament structure. In some cases, when the knee is rotated inward, it may only be observed as a tighter bundle of cystic tissue (12). It is reported that the ALL originates from the femur and inserts into the tibia. When fully extended, its average length is 33–37.9 mm, the average width is 7.4 mm, the average thickness is 2.7 mm, and the average cross-sectional area is 1.54 mm2 (13). Thus far, a large number of studies have explored the anatomical attachment points of the ALL, and the tibial attachment point of the ALL is less controversial. According to Parker and Smith, the ALL stops between the Gerdy tubercle and the fibular head; in most cases, it ends at the midpoint between the Gerdy tubercle and the fibular head, and approximately 30.2% of ALL tibial stops are close to the fibular head (14). When reconstructing the ALL, clinicians often choose the midpoint between the Gerdy nodule and the fibular head. However, experts’ descriptions of the femoral side are quite different. Claes et al. believed that the femoral attachment point of the ALL was located slightly in front of the attachment point of the lateral collateral ligament (6). The following year, Helito et al. studied the imaging landmarks of the ALL and claimed that on the lateral radiograph of the knee joint, the femoral attachment point of the ALL was approximately 47% of the anteroposterior diameter of the lateral condyle (from the front), 3.7 mm below the Blumensaat line. The tibial attachment point of the ALL was approximately 7.0 mm below the joint line and 53.2% of the front and rear diameters of the tibial plateau (from the front) (15). Daggett et al. and Dodds et al. found that the femoral attachment point of the ALL was located at the posterior and proximal part of the femoral lateral epicondyle or directly on the femoral lateral epicondyle (9, 16). Many studies of different anatomical structures show that the morphology of the ALL is not completely consistent, and there are some variations in the starting and ending points and course of the ALL. In 2018, Olewnik et al. studied the anatomy of lower limb specimens and divided them into five types according to the morphology of the ALL (17). In Type I, the ALL starts from the lateral femoral condyle, extends in front of the proximal lateral collateral ligaments (LCL), down and parallel to the LCL, and ends behind the Gerdy tubercle of the tibia. In Type II, the ALL starts from the lateral condyle of the femur, behind the proximal end of the LCL, crosses the LCL obliquely forward and downward, and ends behind the Gerdy tubercle of the tibia. In Type III, the ALL starts from the lateral femoral condyle, the posterior LCL, and the lateral posterior joint capsule, showing a wide fan shape. In Type IV, the ALL is characterized by double bundles, both of which start from the lateral femoral condyle in front of the LCL, with the front bundle ending behind the Gerdy tubercle and the rear bundle ending at the deep fascia. In Type V, the ALL starts from the LCL and ends behind the Gerdy tubercle of the tibia. In general, the variation in the femoral attachment point is high, and the variation in the tibial attachment point of the ALL is low; this is mostly located in the middle of the Gerdy tubercle and the fibular head.



3. Biomechanics of the ALL

In terms of biomechanics, current studies show that the ultimate load of the ALL is 50–205 N, the average stiffness is 20–42 N/mm, and the average ultimate strain is 36% (18). These results emanate from differing descriptions of the anatomy of the ALL. Zens et al. separated an isolated ALL structure in their experiment and measured an ultimate strength for it of only 50 N (19). The reason why the limit load of the ALL varies greatly in different studies may be that the structure of the ALL is not completely separated and the capsulo-osseous layer of the iliotibial band is included in the measurement (20). Multiple studies have focused on the biomechanics of ALL- and ACL-deficient knees. Some studies have shown that the ALL resists internal rotation when knee flexion exceeds 35° (21). Other studies have shown that when the knee joint is subjected to an external force of 30° bending, the forward translation of ALL-excised knees is significantly more than that of ALL-intact knees (22). However, Rasmussen et al. found that even when the knee is fully extended, the tibial axis plane translation and internal rotation of knees with ALL and ACL defects are significantly increased (23). This could explain why some patients still produce positive pivot shift test results after isolated ACL reconstruction. The current literature shows that the ALL may be an asymmetric structure that plays a very important role in resisting internal rotation, especially when the knee is bent.



4. Research on the isometric points of the ALL

The ALL has no obvious isometry during knee joint movement, and its structure is difficult to replicate due to its tissue structure, viscoelasticity, tubular insertion on the femoral side and flake insertion on the tibial side. Determining the most appropriate isometric point is the key to the success of all reconstructions. As initially described by Claes et al., ALL length was found to increase from 32.8 ± 2.5 mm at 0° to 48.5 ± 4.6 mm at 90° with an increase in buckling (6, 24). Subsequently, Helito et al. evaluated the length and isometric pattern of the ALL by computed tomography and found that its length increased by 16.7% on average from full extension to 90° flexion. The increase in length in moving from 60° to 90° is greater than that occurring in moving from 0° to 30° and from 30° to 60°. The length of the ALL increases with the degree of buckling. This study showed that the tension also increases with an increase in buckling (25). Zens et al. fixed a highly elastic capacitive strain gauge at the femoral and tibial insertion of the ALL, recorded ALL length when the knee joint specimen was passively moving at different angles, and compared it with ALL length at the 0°-extension neutral position (26). The results showed that the length of all joints increased with an increase in the flexion angle, and the maximum length could be observed at 90° flexion of the knee joint. This suggests that for ALL reconstruction, the tension and fixation of the graft should be performed near 90° flexion because the tension of the graft near extension may lead to excessive ligament strain and increase knee flexion. However, the research results of Dodds et al. were the opposite (16). They used linear variable displacement sensors to measure the change in ALL length from the straight position to 90° flexion of the knee joint and found that the ALL was nearly isometric from 0° to 60°, while the ligaments gradually relaxed over 60°. The reason is that scholars have chosen different sites to simulate the changes in knee flexion and extension length of the ALL, and there are few experimental samples. During the ALL reconstruction process, if the fixed point is not at the isometric point, the length and tension of the reconstructed ligament will significantly change with joint activity, leading to complications such as limited knee joint mobility or graft tear or relaxation, resulting in poor control of knee joint rotational stability and postoperative residual axial shift. Therefore, determining the most suitable isometric point is the key to ALL reconstruction surgery. Similar to the functional reconstruction of lateral extra-articular tenodesis (LET), scholars are also seeking sites for ALL functional reconstruction. However, Kittl et al. established a knee extension device by using a suspended weight and pulley system, paired to measure different combinations of femoral and tibial values, and found that no pair could achieve perfect isometric points (27). Kernkamp et al. conducted isometric studies in 2017 using MRI and biplane x-ray techniques, combined with ALL anatomical attachment points, and claimed that the most isometric attachment point on the femur should be located posterior and distal to the femoral attachment point of the lateral collateral ligament (28). Based on different insights into the anatomy of the ALL, studies by Kittl et al. and Imbert et al. defined the best compromise between the anatomical structure of the ALL and the ideal tunnel position for ALL reconstruction, which tends to be isometric to the ligaments: the outer opening of the femoral tunnel is located on the posterior superior side of the lateral epicondyle, and the tunnel on the tibial side is located on a line between the Gerdy nodule and the fibular head (27, 29). More research results are needed to provide reliable evidence on the isometric points of the ALL.



5. Indications for reconstruction of the ACL and ALL

With the deepening understanding of the ALL of the knee joint, the indications and techniques for surgery for reconstruction of the ACL and ALL of the knee joint are also constantly changing. In the consensus released by the ALL expert group in 2017, it was mentioned that routine ALL reconstruction should not be performed for patients undergoing ACL reconstruction, but when the patient meets one decisive criterion or two secondary criteria, ACL combined with ALL reconstruction should be considered (30). The decisive criteria for ACL and ALL reconstruction indications are as follows: significant anterior lateral rotation instability in ACL revision cases; axial shift test II–III degrees before the initial Anterior cruciate ligament reconstruction (ACLR) surgery; imaging findings suggesting Segond fracture; systemic multiple ligament relaxation (Beighton score ≥4) or knee joint flexion (>10°); or being a sports participant engaged in activities involving knee joint rotation. The secondary criteria are: the presence of damage to the contralateral ACL; a difference greater than 7 mm between the two knees in the Rahman test; MRI scan revealing a deep lateral femoral condylar notch sign; or age <25 years old. Many scholars believe that a preoperative high-degree axial shift test is a very important surgical indication for patients. The axial shift test is widely used to evaluate the dynamic rotational stability of the knee joint (31). The most commonly used method is to bend the knee from 0° (fully extended) to 90° while applying external rotational stress to the tibia. If the knee is subjected to external rotational stress below the femoral condyle and the tibia is rapidly anterior subluxate at 20°–30° flexion, the test results are positive (32). The International Knee Documentation Committee (IKDC) classification defines the following grading system for pathological movements observed in pivot shift tests: 0 (normal), 1 (sliding), 2 (clumsy), or 3 (locked subluxation) (33). From a functional perspective, this is a reproduction of the phenomenon of knee collapse when the anterior cruciate ligament is broken. In theory, the pivot shift test is an ideal test for dynamically evaluating the status of knee ligaments. However, the main challenge in clinical practice is that muscle resistance can inhibit central shift, especially in patients with knee joint soft tissue injury and swelling. Therefore, many studies have been conducted under anesthesia rather than when the patient is awake, and it is inevitable that subjective factors in physicians’ judgments also affect the experimental results. Recently, several tools have been developed to quantitatively evaluate knee joint rotational relaxation, such as surgical navigation, electromagnetic sensor systems, and triaxial accelerometers (34). Among them, the triaxial accelerometer is a small, non-invasive system that is easy to apply in clinical practice. It evaluates the phenomenon of pivot shift by measuring tibial acceleration, which more accurately quantifies the axial displacement experiment, making the diagnostic axial displacement test more standardized (35). In terms of imaging diagnosis, the reference value for ALL injury in x-ray films is limited, and only Segond fracture can indirectly determine ALL fracture. MRI mainly diagnoses ALL injury in coronal and T2 pressure lipograms (36). However, the accuracy of knee MRI is lower in identifying the anterolateral structure of the knee than in identifying the posterolateral structure (37). According to research by Castelli et al., the ALL is not always visible on MRI (38). Ultrasound examination is a reliable method for evaluating the anterior lateral ligament (39). Ultrasound can check the integrity of the ALL under static conditions and can also dynamically check the ALL using Doppler mode. The specific method is as follows: hold the patient's foot and rotate the knee inward to apply tension to the ALL. For patients with an intact ALL, this rotation will block the blood flow of the lateral inferior genicular artery (LIGA). If the patient's ALL is broken, it will not compress the LIGA, and no break in LIGA blood flow will be observed in Doppler mode (40). This measurement method causes minimal pain stimulation for patients and is widely accepted by patients. At present, further exploration is still underway for imaging diagnosis of ALL rupture, and more research results are needed to provide reliable evidence.



6. Graft types for ACL and ALL reconstruction

Before the ALL structure was recognized by most scholars, anterior lateral structural reconstruction was the surgical method chosen by most physicians to achieve rotational stability of the knee joint. Lemaire chose to use an 18-cm-long and 1-cm-wide iliotibial tract for functional reconstruction of the anterolateral structure (Lemaire procedure) (41). Subsequently, an improved Lemaire procedure was performed to obtain a 1-cm-wide graft from the middle of the iliotibial tract and preserve its distal attachment point to the Gerdy nodule (42). The MacIntosh procedure involves cutting the iliotibial tract from the middle and preserving its attachment to the Gerdy nodule (43). In 2014, Claes et al. presented the latest research on the ALL, which sparked scholars’ interest in ALL reconstruction (24). Scholars choose different types of tendon grafts, which are mainly divided into two categories: autologous grafts and allogeneic grafts. Shared tendon graft reconstruction of the ACL and ALL often uses a single femoral tunnel. The outer opening of the tunnel is the starting point of the ALL femur, and the inner opening is the attachment point of the ACL femur. Autotransplantation of hamstring and gracilis tendons is a commonly used autologous graft. Helito et al. used a triple-folded semitendinosus muscle and a single-stranded gracilis muscle to reconstruct the ALL and ACL. The semitendinosus was formed into four strands for ACL reconstruction (44). Saithna et al. harvested the semitendinosus and gracilis tendons using an open-ended tendon stripper, ensuring that they were not detached from the tibia at this stage. The semitendinosus tendon was folded into three strands and woven into one end of the gracilis muscle to form a bundle of grafts. Four strands of the graft were used for single-bundle ACL reconstruction, and one strand was used for double-bundle ALL reconstruction after penetrating the femur (45). Some scholars have also used the iliotibial bundle to reconstruct the ALL and ACL. Lutz et al. used the iliotibial bundle for minimally invasive reconstruction of the ALL and ACL (46). They obtained the central part of the iliotibial bundle, making the graft about 20 cm long, 1 cm wide at the distal end, and 3 cm wide at the proximal end, while preserving the tibial insertion point of the ligament. In addition, the peroneus longus muscle can also be used for ACL combined with ALL reconstruction. Escudeiro de Oliveira et al. reconstructed the ALL with an ipsilateral peroneus longus tendon graft and the ACL with a five-fold graft consisting of a double-bundle semitendinosus tendon, a double-bundle gracilis tendon, and a single-bundle peroneus longus tendon (47). Josipović et al. presented a technique of Anterior lateral ligament reconstruction (ALLR) using the ipsilateral plantaris longus tendon. A quintuple graft composed of a three-strand semitendinosus tendon and a two-strand gracilis tendon (used for ACLR) and a two-strand plantaris longus graft (substituted for the ALL), sutured to the quintuple graft, has also achieved good clinical results (48). Allografts can be divided into allografts and synthetic grafts. Some authors recommend the use of allografts in ALL reconstruction, even in the initial operation, emphasizing the advantages of the incidence rate of donor free sites and the availability of larger and longer grafts (49). However, allogeneic grafts are mainly used for revision surgery, where it may not be possible to obtain a sufficient number of autologous grafts (50). The synthetic graft material is polyester tape. Wagih and Elguindy reported an ALL reconstruction technique using polyester tape (51), but the report did not provide information on postoperative outcomes and prognosis or on the rate of ligament re-tearing. Polyester tape reconstruction of the ALL may be worthy of further research (Table 1).


TABLE 1 Graft choices and fixation methods.
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7. Surgical methods and classification of ACL combined with ALL reconstruction

Recently, ACL and ALL combination reconstruction surgery has received increasing attention from scholars. At present, autologous transplantation of the hamstring muscle, single-bundle reconstruction, an anterior internal portal for femoral tunnel drilling, a cortical suspension system for femoral fixation, and a compression system for tibial fixation represent the current standards for ACLR in the orthopedic community (52). For the reconstruction of the ALL, scholars tend to prefer anatomical reconstruction. Because of the fact that different anatomical points are studied by different scholars, different physician groups choose different reconstruction sites. The common choices for clinical physicians to focus on in terms of the construction site of the ALL femur are the posterior and proximal ends of the external epicondyle of the femur, the proximal and posterior ends of the lateral collateral ligament insertion point, and the anterior side of the femoral attachment point of the external epicondyle and lateral collateral ligament of the femur (44, 50, 53). Most of the tibial lateral insertion points are located near the line connecting the Gerdy and the fibular head. The surgical methods and graft fixation methods for ACL combined with ALL reconstruction also vary. Overall, they can be divided into single-bundle ACL reconstruction combined with single-bundle ALL reconstruction, double-bundle ACL reconstruction combined with single-bundle ALL reconstruction, and single-bundle ACL reconstruction combined with double-bundle ALL reconstruction (Figure 1).


[image: Figure 1]
FIGURE 1
Classification of surgeries for ACL combined with ALL reconstruction.



7.1. Single-bundle ACL reconstruction combined with single-bundle ALL reconstruction

Helito et al. weaved the semitendinosus tendon into a three-strand graft and the gracilis tendon into a single-strand graft. These two types of grafts were stitched together to produce four strands of ACL grafts and one strand of ALL grafts. After the graft penetrated through the tibial tunnel and was used to reconstruct the ALL with a four-strand graft in the joint, the remaining single-strand gracilis muscle graft penetrated through the lateral femoral condyle and was fixed below the iliotibial tract at the ALL tibial insertion point. The femoral and tibial insertion points of the ALL were fixed with absorbable interference screws (54) (Figure 2A). Subsequently, Oliveira et al. applied the same fixation method in clinical practice (47). Despite differences in the transplant sites that they chose, all of them achieved good results. Another reconstruction method is to pull the graft into the joint through the femoral tunnel. After the ACL reconstruction is completed, the remaining graft is pulled out from the external opening of the tibia and fixed to the femur through the lower part of the iliotibial tract (55). The difference between these two methods lies in the different order in which the graft is pulled into the tunnel. So far, no comparison has been made between the clinical effects and graft stability of the two surgical methods, and further research is needed.


[image: Figure 2]
FIGURE 2
Surgical methods for reconstruction: (A) single-bundle ACL reconstruction combined with single-bundle ALL reconstruction; (B) double-bundle ACL reconstruction combined with single-bundle ALL reconstruction; (C) single-bundle ACL reconstruction combined with dual-bundle ALL reconstruction. ST, semitendinosus tendon; GT, gracilis tendon.




7.2. Double-bundle ACL reconstruction combined with single-bundle ALL reconstruction

Mediavilla et al. used the gracilis muscle to weave three strands (approximately 7–9 mm) as grafts for the posterior lateral (PL) bundle of the ACL and ALL, and also used the semitendinosus to weave a single strand (approximately 4.5 mm) as grafts for the anterior medial (AM) bundle of the ACL. The PL-ALL graft was pulled into the joint using a traction line from the entrance point of the tibial tunnel, following which the graft entered the PL tunnel. After PL reconstruction was completed, the ALL was reconstructed by leaving the lateral femoral cortex. One end of the graft was retained at the ACL tibial insertion point, while the other end was fixed with a degradable screw at the ALL tibial insertion point. The AM graft was pulled into the joint through the external opening of the tibia and connected to the femoral cortex using an Endo Button suspension device, and the soft tissue graft was accurately positioned in the femoral tunnel (56). Mao et al. cut the ipsilateral hamstring tendon and fibula longus tendon to prepare AM and PL-ALL grafts, respectively. The femoral side of the AM graft was fixed with Endo Button suspension, and the PL-ALL graft was fixed with one compression screw at the external opening of the femoral tunnel. When the graft sutures were anchored to the tibial screw, the AM and PL-ALL grafts were fixed with the fixation screw and absorbable interface compression screw at the tibial side (57) (Figure 2B). In addition, Chiu et al. suggested using suture strips to enhance the internal stent during tendon transplantation in order to protect newly reconstructed ligaments during the rehabilitation process. They combined double-bundle ACL reconstruction with single-bundle ALL reconstruction with autologous hamstring muscle grafts and internal stents, using button suspension fixation devices and aperture screws (58). This technology reduces residual anterior and rotational instability after ACL and ALL reconstruction, achieving good clinical results.



7.3. Single-bundle ACL reconstruction combined with dual-bundle ALL reconstruction

Double-bundle ALL reconstruction restores the true anatomy of the tibial insertion point on the ALL side and has received widespread attention from scholars. Sonnery-Cottet et al. obtained the semitendinosus tendon and gracilis tendon as joint reconstruction grafts. The ACL graft consisted of three semitendinosus tendons and an additional gracilis tendon, while the ALL graft consisted of a Y-shaped circular gracilis tendon. The proximal drilling site of the tibial ALL was located at the Segond fracture site (the tibial footprint passing through the ALL), while the distal drilling site was located in front of and below the site. By using traction sutures on the graft, the combined graft was passed proximally through the knee. After the ACL graft was completed, the ALL graft was pulled out through the outer opening of the femoral tunnel and pulled into the outer opening of the tibia (Segond fracture site). The ALL graft was fixed at the outer opening of the femur through a V-shaped tibial tunnel and threaded out from the inner opening of the tibia (59) (Figure 2C). Mogos et al. applied the same fixation method, but the difference lies in the two external tibial openings used to prepare the V-shaped tibial tunnel. One was located at the horizontal plane of the Gerdy nodule, and the other was located in the middle between the Gerdy nodule and the tip of the fibular head (60). They believe that such tibial sites are more in line with the anatomical attachment point on the tibial side of the ALL. Another fixation method has been proposed by Zein et al., who fixed the double-bundle ALL at the same tibial site (the midpoint between the fibular head and Gerdy's nodule, 10 mm from the joint line) when reconstructing the ALL. They created four strands of ACL using semitendinosus and gracilis tendons. Subsequently, the four strands of semitendinosus and gracilis tendons were divided into two separate double-bundle ALL strands. After completion of the ACL reconstruction, the graft penetrated through the lateral condyle of the femur. An ALL through-tunnel was created over each guide pin with a 6-mm cannulated drill bit. A bone bridge was left on the medial tibial cortex between the two tunnels, over which the Ethibond strands attached to the two ALL bundles were tied for fixation. A wire loop was used to shuttle each bundle of the graft into its corresponding tunnel. The Ethibond strands of both bundles of the ALL were tied over the bone bridge on the medial tibial cortex (61). The above surgical methods have achieved good clinical efficacy, but currently, there is no literature comparing the advantages and disadvantages of these surgical methods.




8. Tunnel convergence of grafts in ACL and ALL reconstruction

When reconstructing the ACL and ALL with two bundles of grafts, there is a risk of convergence in the femoral-side graft tunnel due to the proximity of the anterior cruciate ligament tunnel to the origin of the ALL. Smeets et al. observed a high risk of tunnel convergence by drilling anatomical ACL femoral tunnels and ALL tunnels in different directions on fresh frozen knee joint cadavers, and noted that tunnel fusion can endanger ACL reconstruction and fixation (62). Rosenstiel et al. combined three-dimensional (3D) CT reconstruction images reconstructed from the ACL with virtual ALL reconstruction to simulate potential tunnel collisions in the femoral ACL tunnel. They found that when the tunnel is drilled at 0° in the axial plane, the risk of tunnel collisions significantly increases, and potential damage to the reconstructed ACL femoral attachment may also occur (63). However, there is no consensus among scholars on the angle of femoral drilling to avoid tunnel collisions. There have been reports of drilling at 0° axial and −40° coronal, 40° perpendicular to the femoral anatomical axis, 30° anterior to the axial plane, and 30°proximal to the coronal plane. Shared tendon graft reconstruction of the ACL and ALL can solve the problem of graft tunnel convergence, mainly because the graft of a single-bundle ACL combined with single-bundle ALL reconstruction and a single-bundle ACL combined with double-bundle ALL reconstruction runs through the femoral tunnel, allowing the ACL and ALL to share the same tendon and tunnel without the risk of tunnel convergence. However, in double-bundle ACL reconstruction combined with single-bundle ALL reconstruction, the PL and ALL share a tendon bundle, while AM alone has a tendon bundle. The problem of ligament convergence may occur in the AM and ALL bundles. In 2021, research by Kawanishi et al. showed that when facing the issue of femoral tunnel collision between ACL and ALL tunnels, AM drilling at 120° and PL drilling at >135° knee flexion, combined with ALL drilling at 30° coronal angle and >45° axial angle, may reduce this risk (64). However, some studies have investigated the relationship between the position of the femoral tunnel exit and the lateral anatomical structures (such as the posterior femoral cortex, gastrocnemius appendage, popliteal tendon, and capsule) during the process of ACL femoral drilling through the anterior medial portal. The conclusion drawn from these studies by Osaki et al. and Farrow and Parker is that it is more advisable to drill holes with the knees bent to 135° instead of 120° to avoid posterior burst and the formation of tunnel exits under soft tissue (65, 66). This is at variance with the conclusions of Kawanishi et al.. Therefore, further research is needed on the safest femoral drilling procedure in the process of dual-bundle reconstruction of the ACL and ALL to prevent femoral tunnel collisions, including all lateral anatomical structural injuries.



9. Results of ACL combined with ALL reconstruction

In theory, it is believed that combined surgery can reduce the stress on ACL grafts and protect them. Previous biomechanical studies have shown that additional ALL reconstruction/repair surgery should always be considered in patients with significant ALL tearing prior to surgery (38). Sonnery-Cottet et al. first reported on following up 92 patients with combined reconstruction of the ACL and ALL for more than 2 years in 2015 and found that in the last follow-up, all patients had normal knee joint mobility and a significantly improved Lysholm score, subjective IKDC score, and objective IKDC score (59). The Tegner activity scale (TAS) grade score decreased compared with the preoperative score, and there was a significant reduction in the average anteroposterior shift of the knee joint compared with that observed in the preoperative period. The final Knee injury and Osteoarthritis Outcome Score (KOOS) score reached 88 points, and 71.1% of patients recovered to preoperative activity levels after surgery, indicating that ACL combined with ALL reconstruction can significantly improve the stability of the knee joint. Two years later, they conducted a prospective controlled study on combined reconstruction and found that, compared with single ACL reconstruction, ACL combined with ALL reconstruction significantly reduced the tear rate of grafts after ACL reconstruction. A total of 93% of patients had recovered their motor function at the last follow-up, and 64.6% of patients returned to their preinjury self-described motor activity levels (67). A recent meta-analysis showed that compared with isolated ACLR, patients with ACL combined with ALL reconstruction showed significant improvement in postoperative functional score (mean follow-up time >1 year) and knee anteroposterior stability (68). For populations with high demands for exercise, ACL reconstruction combined with ALL is more suitable. Hamido et al. followed 102 athletes for an average follow-up time of 60 (55–65) months, further confirming that ACL combined with ALL reconstruction is significantly superior to isolated ACL reconstruction in terms of anteroposterior stability and IKDC objective score (69). Therefore, combined reconstruction of the ACL and ALL may reduce the rate of graft tear, improve the rotational stability of the knee joint, and ultimately restore the patient to their preinjury level of motion, which is also our expectation. In addition, compared with isolated reconstruction of the ACL and ALL, shared tendon graft reconstruction of the ACL and ALL using the same graft through the femoral tunnel also has additional advantages. This surgical method not only saves tendons, but also provides continuity in the reconstructed ligaments of the ACL and ALL, making the reconstruction more stable and reducing the number of rivets used, as well as reducing the risk of collisions between the femoral fossa and the anterior cruciate ligament canal of the femur. However, Schon et al. conducted anatomical, reconstructive, and biomechanical studies on 10 samples and found that although the anatomical reconstruction of the ALL combined with the ACL can reduce rotational relaxation when knee flexion exceeds 30°, it can restore knee stability while also causing excessive limitation of normal knee movement (70). Although this study was conducted on specimens, the results still have certain guiding significance and are worthy of deep consideration. The clinical efficacy of ALL reconstruction still needs more postoperative follow-up and further clinical research for confirmation.



10. Summary and prospects

Arthroscopic ACL reconstruction is widely used internationally as the gold standard for the treatment of ACL fracture. Despite the successful clinical application of this technique, rotational relaxation and osteoarthritis still occur after surgery. According to Monaco, lesions in the anterolateral structure may be associated with pivot displacement. Therefore, it is more correct and biomechanically effective to evaluate and repair the anterior and lateral structures of the knee during ACL surgery (71). Zaffagnini et al. and Asai et al. quantified the effect of the ALL on the armature displacement of the knee joint using one and two measurement worksheets, respectively, and demonstrated that the ALL plays an important role in maintaining the rotational stability of the knee joint (72, 73). In clinical practice, ACL reconstruction combined with anterior lateral structural reinforcement or reconstruction is significantly superior to isolated ACL reconstruction in terms of postoperative rotational stability, loss of efficiency, and rate of return to motion of the knee joint. However, due to the inconsistent research results on the anatomy of the ALL, there is a lack of uniformity in the corresponding reconstruction techniques. Further anatomical and biomechanical research on the ALL is needed, which will help improve the level of reconstruction techniques. More long-term and high-level clinical follow-up studies are also necessary to clarify whether ACL combined with ALL reconstruction can improve the current effectiveness of ACL reconstruction surgery. We need further anatomical and biomechanical research on the ALL, which will help improve the level of reconstruction technology. At present, there is no literature indicating whether shared tendon graft reconstruction of the ACL and ALL has a better postoperative effect than the respective reconstruction of the ACL and ALL. However, in terms of preserving tendons and preventing tunnel convergence, shared tendon graft reconstruction of the ACL and ALL shows significant advantages. In terms of graft fixation sites, selecting ligamentous isometric points is crucial for the success of surgery, as the length of the ligaments during knee flexion and extension is non-isometric. If the graft is not fixed at an isometric point, excessive stretching or relaxation may occur, leading to surgical failure. However, scholars have not reached a consensus on the femoral and tibial isometric points of the ALL, which has led to significant differences in knee flexion angles when studying ligament fixation of knee joints due to inconsistent selection of isometric points. There have been reports of ligament fixation at angles such as 30°, 45°–60°, and 60°–90° (71). Lutz followed the practice of tightening and fixing the ligaments when the knee joint was almost fully extended and the tibia was in a neutral position (74). The ALL expert group also suggests that the ligaments should be fixed in an extended neutral position (75). While paying attention to both the function and the isomorphism of the ALL, we also need to strictly select based on indications before surgery. Physicians should pay special attention to the decisive indicators for diagnosing ALL injuries. When conducting axial shift tests with patients, it is recommended to combine manual examination and quantified indicator tools to avoid interference from subjective factors and to improve diagnostic accuracy. In addition, in terms of graft selection, the vast majority of publications in the literature report using the autologous iliotibial tendon and the hamstring tendon, but there are also allogeneic tendons. It has also been documented that patellar tendons can be used as grafts for ACL reconstruction, with no significant difference in long-term functional outcome compared with hamstrings. However, there is currently no literature suggesting that patellar tendons can be co-grafted with other tendons to reconstruct the ACL and ALL (76). Each of them has their own strengths and weaknesses. In terms of surgical methods, we divide ACL and ALL reconstruction using a shared bundle of grafts into three categories: single-bundle ACL reconstruction combined with single-bundle ALL reconstruction, double-bundle ACL reconstruction combined with single-bundle ALL reconstruction, and single-bundle ACL reconstruction combined with double-bundle ALL reconstruction. So far, no study has reported on which method is the optimal choice for surgery. In summary, shared tendon graft reconstruction of the ACL and ALL presents ideas and directions for further improving functional recovery in patients with ACL injury, and there are also many issues that need further research. We believe that with the further development of this practice, surgical techniques will continue to be optimized, enabling patients to return to social life more successfully and more quickly.



Author contributions

ZG: writing – original draft; writing – review & editing. FL: writing – review & editing.



Funding

The authors declare that no financial support was received for the research, authorship, or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Grassi A, Macchiarola L, Filippini M, Lucidi GA, Della Villa F, Zaffagnini S. Epidemiology of anterior cruciate ligament injury in Italian first division soccer players. Sports Health. (2020) 12(3):279–88. doi: 10.1177/1941738119885642

2. Björnsson H, Samuelsson K, Sundemo D, Desai N, Sernert N, Rostgård-Christensen L, et al. A randomized controlled trial with mean 16-year follow-up comparing hamstring and patellar tendon autografts in anterior cruciate ligament reconstruction. Am J Sports Med. (2016) 44(9):2304–13. doi: 10.1177/0363546516646378

3. Karikis I, Desai N, Sernert N, Rostgard-Christensen L, Kartus J. Comparison of anatomic double- and single-bundle techniques for anterior cruciate ligament reconstruction using hamstring tendon autografts: a prospective randomized study with 5-year clinical and radiographic follow-up. Am J Sports Med. (2016) 44(5):1225–36. doi: 10.1177/0363546515626543

4. Bathala EA, Bancroft LW, Ortiguera CJ, Peterson JJ. Segond fracture. Orthopedics. (2007) 30(9):689; 797–8. doi: 10.3928/01477447-20070901-25

5. Vincent JP, Magnussen RA, Gezmez F, Uguen A, Jacobi M, Weppe F, et al. The anterolateral ligament of the human knee: an anatomic and histologic study. Knee Surg Sports Traumatol Arthrosc. (2012) 20(1):147–52. doi: 10.1007/s00167-011-1580-3

6. Claes S, Vereecke E, Maes M, Victor J, Verdonk P, Bellemans J. Anatomy of the anterolateral ligament of the knee. J Anat. (2013) 223(4):321–8. doi: 10.1111/joa.12087

7. Stijak L, Bumbaširević M, Radonjić V, Kadija M, Puškaš L, Milovanović D, et al. Anatomic description of the anterolateral ligament of the knee. Knee Surg Sports Traumatol Arthrosc. (2016) 24(7):2083–8. doi: 10.1007/s00167-014-3422-6

8. Neri T, Parker DA, Beach A, Boyer B, Farizon F, Philippot R. Anterolateral ligament of the knee: what we know about its anatomy, histology, biomechanical properties and function. Surg Technol Int. (2018) 33:312–8. PMID: 29985517.29985517

9. Daggett M, Ockuly AC, Cullen M, Busch K, Lutz C, Imbert P, et al. Femoral origin of the anterolateral ligament: an anatomic analysis. Arthroscopy. (2016) 32(5):835–41. doi: 10.1016/j.arthro.2015.10.006

10. Watanabe J, Suzuki D, Mizoguchi S, Yoshida S, Fujimiya M. The anterolateral ligament in a Japanese population: study on prevalence and morphology. J Orthop Sci. (2016) 21(5):647–51. doi: 10.1016/j.jos.2016.06.004

11. Shea KG, Polousky JD, Jacobs Jr. JC, Yen YM, Ganley TJ. The anterolateral ligament of the knee: an inconsistent finding in pediatric cadaveric specimens. J Pediatr Orthop. (2016) 36(5):e51–4. doi: 10.1097/BPO.0000000000000616

12. Tavlo M, Eljaja S, Jensen JT, Siersma VD, Krogsgaard MR. The role of the anterolateral ligament in ACL insufficient and reconstructed knees on rotatory stability: a biomechanical study on human cadavers. Scand J Med Sci Sports. (2016) 26(8):960–6. doi: 10.1111/sms.12524

13. Chalidis B, Pitsilos C, Kitridis D, Givissis P. Graft choices for anterolateral ligament knee reconstruction surgery: current concepts. World J Clin Cases. (2022) 10(24):8463–73. doi: 10.12998/wjcc.v10.i24.8463

14. Parker M, Smith HF. Anatomical variation in the anterolateral ligament of the knee and a new dissection technique for embalmed cadaveric specimens. Anat Sci Int. (2018) 93(2):177–87. doi: 10.1007/s12565-016-0386-2

15. Helito CP, Demange MK, Bonadio MB, Tirico LE, Gobbi RG, Pecora JR, et al. Radiographic landmarks for locating the femoral origin and tibial insertion of the knee anterolateral ligament. Am J Sports Med. (2014) 42(10):2356–62. doi: 10.1177/0363546514543770

16. Dodds AL, Halewood C, Gupte CM, Williams A, Amis AA. The anterolateral ligament: anatomy, length changes and association with the Segond fracture. Bone Joint J. (2014) 96-b(3):325–31. doi: 10.1302/0301-620X.96B3.33033

17. Olewnik Ł, Gonera B, Kurtys K, Podgórski M, Polguj M, Sibiński M, et al. The anterolateral ligament of the knee: a proposed classification system. Clin Anat. (2018) 31(7):966–73. doi: 10.1002/ca.23267

18. Helito CP, Bonadio MB, Rozas JS, Wey JM, Pereira CA, Cardoso TP, et al. Biomechanical study of strength and stiffness of the knee anterolateral ligament. BMC Musculoskelet Disord. (2016) 17:193. doi: 10.1186/s12891-016-1052-5

19. Zens M, Feucht MJ, Ruhhammer J, Bernstein A, Mayr HO, Südkamp NP, et al. Mechanical tensile properties of the anterolateral ligament. J Exp Orthop. (2015) 2(1):7. doi: 10.1186/s40634-015-0023-3

20. Kittl C, Inderhaug E, Williams A, Amis AA. Biomechanics of the anterolateral structures of the knee. Clin Sports Med. (2018) 37(1):21–31. doi: 10.1016/j.csm.2017.07.004

21. Lording T, Corbo G, Bryant D, Burkhart TA, Getgood A. Erratum to: rotational laxity control by the anterolateral ligament and the lateral meniscus is dependent on knee flexion angle: a cadaveric biomechanical study. Clin Orthop Relat Res. (2017) 475(10):2613. doi: 10.1007/s11999-017-5459-6

22. Drews BH, Kessler O, Franz W, Dürselen L, Freutel M. Function and strain of the anterolateral ligament part I: biomechanical analysis. Knee Surg Sports Traumatol Arthrosc. (2017) 25(4):1132–9. doi: 10.1007/s00167-017-4472-3

23. Spencer L, Burkhart TA, Tran MN, Rezansoff AJ, Deo S, Caterine S, et al. Biomechanical analysis of simulated clinical testing and reconstruction of the anterolateral ligament of the knee. Am J Sports Med. (2015) 43(9):2189–97. doi: 10.1177/0363546515589166

24. Claes S, Bartholomeeusen S, Bellemans J. High prevalence of anterolateral ligament abnormalities in magnetic resonance images of anterior cruciate ligament-injured knees. Acta Orthop Belg. (2014) 80(1):45–9. PMID: 24873084.24873084

25. Helito CP, Helito PV, Bonadio MB, da Mota EARF, Bordalo-Rodrigues M, Pecora JR, et al. Evaluation of the length and isometric pattern of the anterolateral ligament with serial computer tomography. Orthop J Sports Med. (2014) 2(12):2325967114562205. doi: 10.1177/2325967114562205

26. Zens M, Niemeyer P, Ruhhammer J, Bernstein A, Woias P, Mayr HO, et al. Length changes of the anterolateral ligament during passive knee motion: a human cadaveric study. Am J Sports Med. (2015) 43(10):2545–52. doi: 10.1177/0363546515594373

27. Kittl C, Halewood C, Stephen JM, Gupte CM, Weiler A, Williams A, et al. Length change patterns in the lateral extra-articular structures of the knee and related reconstructions. Am J Sports Med. (2015) 43(2):354–62. doi: 10.1177/0363546514560993

28. Kernkamp WA, Van de Velde SK, Tsai TY, van Arkel ERA, Asnis PD, Nelissen R, et al. An in vivo simulation of isometry of the anterolateral aspect of the healthy knee. J Bone Joint Surg Am. (2017) 99(13):1111–8. doi: 10.2106/JBJS.16.01139

29. Imbert P, Lutz C, Daggett M, Niglis L, Freychet B, Dalmay F, et al. Isometric characteristics of the anterolateral ligament of the knee: a cadaveric navigation study. Arthroscopy. (2016) 32(10):2017–24. doi: 10.1016/j.arthro.2016.02.007

30. Sonnery-Cottet B, Daggett M, Fayard JM, Ferretti A, Helito CP, Lind M, et al. Anterolateral ligament expert group consensus paper on the management of internal rotation and instability of the anterior cruciate ligament–deficient knee. J Orthop Traumatol. (2017) 18(2):91–106. doi: 10.1007/s10195-017-0449-8

31. Markatos K, Kaseta MK, Lallos SN, Korres DS, Efstathopoulos N. The anatomy of the ACL and its importance in ACL reconstruction. Eur J Orthop Surg Traumatol. (2013) 23(7):747–52. doi: 10.1007/s00590-012-1079-8

32. Arilla FV, Yeung M, Bell K, Rahnemai-Azar AA, Rothrauff BB, Fu FH, et al. Experimental execution of the simulated pivot-shift test: a systematic review of techniques. Arthroscopy. (2015) 31(12):2445–54.e2. doi: 10.1016/j.arthro.2015.06.027

33. Galway HR, MacIntosh DL. The lateral pivot shift: a symptom and sign of anterior cruciate ligament insufficiency. Clin Orthop Relat Res. (1980) 147:45–50. doi: 10.1097/00003086-198003000-00008

34. Sundemo D, Alentorn-Geli E, Hoshino Y, Musahl V, Karlsson J, Samuelsson K. Objective measures on knee instability: dynamic tests: a review of devices for assessment of dynamic knee laxity through utilization of the pivot shift test. Curr Rev Musculoskelet Med. (2016) 9(2):148–59. doi: 10.1007/s12178-016-9338-7

35. Suh DK, Cho IY, Noh S, Yoon DJ, Jang KM. Anatomical and biomechanical characteristics of the anterolateral ligament: a descriptive Korean cadaveric study using a triaxial accelerometer. Medicina (Kaunas, Lithuania). (2023) 59(2):419–20. doi: 10.3390/medicina59020419

36. Ariel de Lima D, Helito CP, Lacerda de Lima L, de Castro Silva D, Costa Cavalcante ML, Dias Leite JA. Anatomy of the anterolateral ligament of the knee: a systematic review. Arthroscopy. (2019) 35(2):670–81. doi: 10.1016/j.arthro.2018.09.006

37. LaPrade RF, Gilbert TJ, Bollom TS, Wentorf F, Chaljub G. The magnetic resonance imaging appearance of individual structures of the posterolateral knee. A prospective study of normal knees and knees with surgically verified grade III injuries. Am J Sports Med. (2000) 28(2):191–9. doi: 10.1177/03635465000280020901

38. Castelli A, Zanon G, Jannelli E, Ivone A, Ferranti Calderoni E, Combi A, et al. The role of the anterolateral ligament in knee’s biomechanics: a case-control retrospective study. Eur J Orthop Surg Traumatol. (2020) 30(4):653–8. doi: 10.1007/s00590-019-02607-z

39. Kandel M, Cattrysse E, De Maeseneer M, Lenchik L, Paantjens M, Leeuw M. Inter-rater reliability of an ultrasound protocol to evaluate the anterolateral ligament of the knee. J Ultrason. (2019) 19(78):181–6. doi: 10.15557/JoU.2019.0027

40. Cavaignac E, Laumond G, Reina N, Wytrykowski K, Murgier J, Faruch M, et al. How to test the anterolateral ligament with ultrasound. Arthrosc Tech. (2018) 7(1):e29–31. doi: 10.1016/j.eats.2017.08.046

41. Ireland J. Lemaire procedure for anterior cruciate instability. Injury. (1999) 30(2):151–2. doi: 10.1016/S0020-1383(98)00238-1

42. Jesani S, Getgood A. Modified Lemaire lateral extra-articular tenodesis augmentation of anterior cruciate ligament reconstruction. JBJS Essent Surg Tech. (2019) 9(4):41–7. doi: 10.2106/JBJS.ST.19.00017

43. Bertoia JT, Urovitz EP, Richards RR, Gross AE. Anterior cruciate reconstruction using the MacIntosh lateral-substitution over-the-top repair. J Bone Joint Surg Am. (1985) 67(8):1183–8. doi: 10.2106/00004623-198567080-00006

44. Helito CP, Bonadio MB, Gobbi RG, da Mota EARF, Pécora JR, Camanho GL, et al. Combined intra- and extra-articular reconstruction of the anterior cruciate ligament: the reconstruction of the knee anterolateral ligament. Arthrosc Tech. (2015) 4(3):e239–44. doi: 10.1016/j.eats.2015.02.006

45. Saithna A, Thaunat M, Delaloye JR, Ouanezar H, Fayard JM, Sonnery-Cottet B. Combined ACL and anterolateral ligament reconstruction. JBJS Essent Surg Tech. (2018) 8(1):e2. doi: 10.2106/JBJS.ST.17.00045

46. Lutz C, Sonnery-Cottet B, Imbert P, Barbosa NC, Tuteja S, Jaeger JH. Combined anterior and anterolateral stabilization of the knee with the iliotibial band. Arthrosc Tech. (2016) 5(2):e251–6. doi: 10.1016/j.eats.2015.12.004

47. Escudeiro de Oliveira D, Picchi Zaccharias V, Mayumi Horita M, Gabriel Betoni Guglielmetti L, Duarte Junior A, Baches Jorge P. Anterior cruciate and anterolateral ligament reconstruction using hamstring and peroneus longus tendons: surgical technique description. Arthrosc Tech. (2021) 10(2):e397–402. doi: 10.1016/j.eats.2020.10.030

48. Josipović M, Vlaić J, Serdar J, Šimunović M, Nizić D, Schauperl Z, et al. Plantaris tendon: a novel graft for anterolateral ligament reconstruction and additional reinforcement for anterior cruciate ligament autografts in combined reconstructive procedures. Knee Surg Sports Traumatol Arthrosc. (2020) 28(8):2604–8. doi: 10.1007/s00167-020-05885-x

49. Vundelinckx B, Herman B, Getgood A, Litchfield R. Surgical indications and technique for anterior cruciate ligament reconstruction combined with lateral extra-articular tenodesis or anterolateral ligament reconstruction. Clin Sports Med. (2017) 36(1):135–53. doi: 10.1016/j.csm.2016.08.009

50. Chahla J, Menge TJ, Mitchell JJ, Dean CS, LaPrade RF. Anterolateral ligament reconstruction technique: an anatomic-based approach. Arthrosc Tech. (2016) 5(3):e453–7. doi: 10.1016/j.eats.2016.01.032

51. Wagih AM, Elguindy AM. Percutaneous reconstruction of the anterolateral ligament of the knee with a polyester tape. Arthrosc Tech. (2016) 5(4):e691–7. doi: 10.1016/j.eats.2016.02.028

52. Erden T, Toker B, Toprak A, Taşer Ö. Comparison of the outcomes of isolated anterior cruciate ligament reconstruction and combined anterolateral ligament suture tape augmentation and anterior cruciate ligament reconstruction. Joint Dis Relat Surg. (2021) 32(1):129–36. doi: 10.5606/ehc.2020.78201

53. Smith JO, Yasen SK, Lord B, Wilson AJ. Combined anterolateral ligament and anatomic anterior cruciate ligament reconstruction of the knee. Knee Surg Sports Traumatol Arthrosc. (2015) 23(11):3151–6. doi: 10.1007/s00167-015-3783-5

54. Helito CP, Camargo DB, Sobrado MF, Bonadio MB, Giglio PN, Pécora JR, et al. Combined reconstruction of the anterolateral ligament in chronic ACL injuries leads to better clinical outcomes than isolated ACL reconstruction. Knee Surg Sports Traumatol Arthrosc. (2018) 26(12):3652–9. doi: 10.1007/s00167-018-4934-2

55. Trinchese GF, Oliva F, Maffulli N. Minimally invasive anatomic reconstruction of the anterolateral ligament with ipsilateral gracilis tendon. Muscles Ligaments Tendons J. (2017) 7(2):240–6. doi: 10.11138/mltj/2017.7.2.240

56. Mediavilla I, Aramberri M, Tiso G, Murillo-González JA. Combined double bundle anterior cruciate ligament reconstruction and anterolateral ligament reconstruction. Arthrosc Tech. (2018) 7(8):e881–6. doi: 10.1016/j.eats.2018.04.011

57. Mao Y, Sun W, Fu W, Li J. Effectiveness of double-bundle anterior cruciate ligament reconstruction combined with anterolateral ligament reconstruction for revision. Zhongguo Xiu Fu Chong Jian Wai Ke Za Zhi. (2021) 35(3):330–6. doi: 10.7507/1002-1892.202010044

58. Chiu CH, Chi JE, Huang PH, Chang SS, Hsu KY, Chao-Yu Chen A, et al. Anatomic double-bundle ACL reconstruction with extra-articular anterolateral ligament reconstruction and internal brace. Arthrosc Tech. (2021) 10(3):e789–96. doi: 10.1016/j.eats.2020.10.069

59. Sonnery-Cottet B, Thaunat M, Freychet B, Pupim BH, Murphy CG, Claes S. Outcome of a combined anterior cruciate ligament and anterolateral ligament reconstruction technique with a minimum 2-year follow-up. Am J Sports Med. (2015) 43(7):1598–605. doi: 10.1177/0363546515571571

60. Mogos S, Sendrea B, Stoica IC. Combined anatomic anterior cruciate ligament and anterolateral ligament reconstruction. Maedica (Buchar). (2017) 12(1):30–5. PMID: 28878834.

61. Zein AMN, Elshafie M, Elsaid ANS, Elrefai MAE. Combined anatomic anterior cruciate ligament and double bundle anterolateral ligament reconstruction. Arthrosc Tech. (2017) 6(4):e1229–38. doi: 10.1016/j.eats.2017.04.009

62. Smeets K, Bellemans J, Lamers G, Valgaeren B, Bruckers L, Gielen E, et al. High risk of tunnel convergence during combined anterior cruciate ligament and anterolateral ligament reconstruction. Knee Surg Sports Traumatol Arthrosc. (2019) 27(2):611–7. doi: 10.1007/s00167-018-5200-3

63. Rosenstiel N, Praz C, Ouanezar H, Saithna A, Fournier Y, Hager JP, et al. Combined anterior cruciate and anterolateral ligament reconstruction in the professional athlete: clinical outcomes from the scientific anterior cruciate ligament network international study group in a series of 70 patients with a minimum follow-up of 2 years. Arthroscopy. (2019) 35(3):885–92. doi: 10.1016/j.arthro.2018.09.020

64. Kawanishi Y, Kobayashi M, Yasuma S, Fukushima H, Kato J, Murase A, et al. An analysis of the femoral drilling angle to avoid tunnel collision during double-bundle anterior cruciate ligament and anterolateral ligament reconstruction on the knee. J Knee Surg. (2023) 36(5):483–90. doi: 10.1055/s-0041-1736196

65. Osaki K, Okazaki K, Tashiro Y, Matsubara H, Iwamoto Y. Influences of knee flexion angle and portal position on the location of femoral tunnel outlet in anterior cruciate ligament reconstruction with anteromedial portal technique. Knee Surg Sports Traumatol Arthrosc. (2015) 23(3):777–84. doi: 10.1007/s00167-013-2705-7

66. Farrow LD, Parker RD. The relationship of lateral anatomic structures to exiting guide pins during femoral tunnel preparation utilizing an accessory medial portal. Knee Surg Sports Traumatol Arthrosc. (2010) 18(6):747–53. doi: 10.1007/s00167-009-0902-1

67. Ferretti A, Carrozzo A, Saithna A, Argento G, Annibaldi A, Latini F, et al. Comparison of primary repair of the anterior cruciate ligament and anterolateral structures to reconstruction and lateral extra-articular tenodesis at 2-year follow-up. Am J Sports Med. (2023) 51(9):2300–12. doi: 10.1177/03635465231178301

68. Hurley ET, Fried JW, Kingery MT, Strauss EJ, Alaia MJ. Antero-lateral ligament reconstruction improves knee stability alongside anterior cruciate ligament reconstruction. Knee Surg Sports Traumatol Arthrosc. (2021) 29(3):764–71. doi: 10.1007/s00167-020-06002-8

69. Hamido F, Habiba AA, Marwan Y, Soliman ASI, Elkhadrawe TA, Morsi MG, et al. Anterolateral ligament reconstruction improves the clinical and functional outcomes of anterior cruciate ligament reconstruction in athletes. Knee Surg Sports Traumatol Arthrosc. (2021) 29(4):1173–80. doi: 10.1007/s00167-020-06119-w

70. Schon JM, Moatshe G, Brady AW, Serra Cruz R, Chahla J, Dornan GJ, et al. Anatomic anterolateral ligament reconstruction of the knee leads to overconstraint at any fixation angle. Am J Sports Med. (2016) 44(10):2546–56. doi: 10.1177/0363546516652607

71. Monaco E, Ferretti A, Labianca L, Maestri B, Speranza A, Kelly MJ, et al. Navigated knee kinematics after cutting of the ACL and its secondary restraint. Knee Surg Sports Traumatol Arthrosc. (2012) 20(5):870–7. doi: 10.1007/s00167-011-1640-8

72. Zaffagnini S, Signorelli C, Lopomo N, Bonanzinga T, Marcheggiani Muccioli GM, Bignozzi S, et al. Anatomic double-bundle and over-the-top single-bundle with additional extra-articular tenodesis: an in vivo quantitative assessment of knee laxity in two different ACL reconstructions. Knee Surg Sports Traumatol Arthrosc. (2012) 20(1):153–9. doi: 10.1007/s00167-011-1589-7

73. Asai S, Maeyama A, Hoshino Y, Goto B, Celentano U, Moriyama S, et al. A comparison of dynamic rotational knee instability between anatomic single-bundle and over-the-top anterior cruciate ligament reconstruction using triaxial accelerometry. Knee Surg Sports Traumatol Arthrosc. (2014) 22(5):972–8. doi: 10.1007/s00167-013-2499-7

74. Lutz C. Role of anterolateral reconstruction in patients undergoing anterior cruciate ligament reconstruction. Orthop Traumatol Surg Res. (2018) 104(1s):S47–53. doi: 10.1016/j.otsr.2017.03.031

75. Kurosawa H, Yasuda K, Yamakoshi K, Kamiya A, Kaneda K. An experimental evaluation of isometric placement for extraarticular reconstructions of the anterior cruciate ligament. Am J Sports Med. (1991) 19(4):384–8. doi: 10.1177/036354659101900411

76. Mohtadi NG, Chan DS, Dainty KN, Whelan DB. Patellar tendon versus hamstring tendon autograft for anterior cruciate ligament rupture in adults. Cochrane Database Syst Rev. (2011) 2011(9):CD005960. doi: 10.1002/14651858.CD005960.pub2



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Progress in research on and classification of surgical methods of arthroscopic reconstruction of the ACL and ALL using a shared tendon graft through the femoral tunnel

		1. Background



		2. Anatomical structure of the ALL



		3. Biomechanics of the ALL



		4. Research on the isometric points of the ALL



		5. Indications for reconstruction of the ACL and ALL



		6. Graft types for ACL and ALL reconstruction



		7. Surgical methods and classification of ACL combined with ALL reconstruction



		7.1. Single-bundle ACL reconstruction combined with single-bundle ALL reconstruction



		7.2. Double-bundle ACL reconstruction combined with single-bundle ALL reconstruction



		7.3. Single-bundle ACL reconstruction combined with dual-bundle ALL reconstruction











		8. Tunnel convergence of grafts in ACL and ALL reconstruction



		9. Results of ACL combined with ALL reconstruction



		10. Summary and prospects



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Surgery

Progress in research on and classification
of surgical methods of arthroscopic
reconstruction of the ACL and ALL using
a shared tendon graft through the
femoral tunnel









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/fsurg-10-1292530-g001.jpg
Reconstruction of AC

The shared tendon graft The Isolated tendon grafts
reconstruction of ACL and ALL reconstruction of ACL and ALL

Single bundle ACL with single bundle ALL [l Double bundle ACL with single bundle ALL [l Single bundle ACL with double bundle ALL





OPS/images/logo.jpg
& frontiers | Frontiers in Surgery





OPS/images/fsurg-10-1292530-t001.jpg
Knee flexion,
rotation

Reference | Year Material Graft type

Lemaire (41) B Autologous | 30° flexion/external
graft rotation

Helito (44) 2015 | Gracilis— Autologous 60°-90° of flexion

semitendinosus | graft

Sonnery (30) | 2016 | Gracilis Autologous | Full extension/
graft neutral rotation

Lutz (46) | 2016 | ITB Autologous | 30°-90° of flexion
graft

Wagih (51) | 2016 | Polyester tape Allogeneic | 30° flexion
grafts

Oliveira (47) | 2021 | Peroneus longus | Autologous | 30° flexion
graft

ITB. The iliotibial band.





OPS/images/fsurg-10-1292530-g002.jpg
Double ACL (AM:1ST)
Single ACL (35T+16T) ®L36n
and single ALL (1GT) and single ALL (GGT)

ingle ACL (3ST+1GT) and double ALL (1





