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Abstract
Over the years, several studies demonstrated the crucial role of knee menisci in joint biomechanics. As a result, save the meniscus has become the new imperative nowadays, and more and more studies addressed this topic. The huge amount of data on this topic may create confusion in those who want to approach this surgery. The aim of this review is to provide a practical guide for treatment of meniscus tears, including an overview of technical aspects, outcomes in the literature and personal tips. Taking inspiration from a famous movie directed by Sergio Leone in 1966, the authors classified meniscus tears in three categories: The good, the bad and the ugly lesions. The inclusion in each group was determined by the lesion pattern, its biomechanical effects on knee joint, the technical challenge, and prognosis. This classification is not intended to substitute the currently proposed classifications on meniscus tears but aims at offering a reader-friendly narrative review of an otherwise difficult topic. Furthermore, the authors provide a concise premise to deal with some aspects of menisci phylogeny, anatomy and biomechanics. 
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Core Tip: Several studies investigated the effects of a meniscus tear and its optimal treatment. This review aims at providing a practical guide on this topic, including an overview of technical aspects, outcomes in the literature and personal tips.

INTRODUCTION
Meniscal tears are among the most common injuries of the knee, significantly impacting on the healthcare annual expense[1–4]. It has been estimated that the frequency of arthroscopic procedures for treating meniscus tears is increased by 49% during the 1990s and 2000s[5], but it could reasonably be further expanded in the last years. 
Historically, menisci were considered as vestigial remnants, with no significant impact on knee biomechanics[6]. As a result, total meniscectomy was considered the most valuable option for a long time. McMurray[7] claimed insufficient meniscus removal was the main cause of failure of meniscectomy. In 1948, Fairbank[8] reported the clinical outcomes of 107 patients after total meniscectomies and found degenerative knee changes in most of them. From then, several other studies demonstrated the detrimental effects of total meniscectomies on knee joint[9–13]. These studies significantly changed the treatment approach of meniscus tears. Feeley and Lau[14] proposed an algorithm to approach arthroscopic partial meniscectomy starting from the concept of maintaining as much meniscal tissue as possible. The authors quantified as 60% as the maximum amount of meniscus tissue that can be sacrificed. However, this concept can be questioned, since not only the size of the tears but also the location was proved to significantly affect the outcomes[15]. Save the meniscus has become the new imperative nowadays[16,17]. Several studies addressed this topic over many years, but the huge amount of data may create confusion in those who want to approach this surgery.
The aim of this paper is to provide a practical guide for treatment of meniscus tears, including an overview of technical aspects, outcomes in the literature and personal tips. Furthermore, the authors provide a concise premise to deal with some aspects of menisci phylogeny, anatomy and biomechanics. This can be useful for the reader to fully understand the factors affecting the fate of a meniscus tear.

PHYLOGENY AND ONTOGENY OF THE MENISCI
The knowledge of meniscus phylogeny and ontogeny can be useful to correlate meniscal gross anatomy to meniscal function.
Knee menisci are not unique to humans but can be found in several living tetrapods, including amphibians, reptiles, birds and mammals. In most of them, both menisci are massive structures fitted between the tibial and femoral surfaces and are connected anteriorly by an intermeniscal ligament. Only in mammals, regardless of the walking style or size, the menisci have the same semilunar shape[18]. The medial meniscus is very similar in all mammals, including primates. It is crescent shaped with two tibial insertions. By contrast, the lateral meniscus is more variable in shape and in the pattern of tibial insertions[19,20]. The presence of a double tibial insertion of the lateral meniscus is a particular feature of Homo sapiens, unique among living mammals. The second posterior insertion aids in preventing extreme anterior gliding of the lateral meniscus during frequent extension[21]. The presence of meniscofemoral ligaments reinforces the posterior fixation of the lateral meniscus, providing better stability. As a result, only humans are able to maintain a stable knee extension during bipedal stance. Other nonhuman primates cannot do likewise in bipedal walking, but only during quadrupedal gait. Therefore, humans’ menisci are not only simple load distributers, but provide a fundamental contribution to knee stability during bipedal stance. 
In humans, the meniscus is identifiable after about 8 wk[21,22], assuming its characteristic shape already at this stage. At no time the lateral meniscus takes a discoid shape. In the prenatal stage, the meniscus is highly cellular with a large nuclear/cytoplasmic ratio. Blood vessels are numerous throughout the substance of the foetal meniscus, mostly along the capsular attachment sites. The main postnatal change is the progressively decreasing vascularity and cellularity, with concomitant increase in collagen content[22].

MENISCI ANATOMY 
The menisci are two fibrocartilaginous structures mainly composed of water (65%-75%), type I collagen (22%) and glycosaminoglycans (approximately 1%)[23]. The collagen bundles are combined in different orientations to oppose compressive, radial, and shear stresses. Specifically, radial bundles are more frequent in the inner part, which is more resistant to compression forces. Conversely circumferential bundles are mainly located in the outer two-thirds part of the meniscus, counteracting to radial tension forces. This may explain why radial tears typically start from the inner portion, whereas longitudinal tears are more frequent in the most peripheral zones of the meniscus[24]. Furthermore, fiber orientation affects the tensile properties of suture configurations. Vertical sutures showed a significantly higher pull-out strength than horizontal sutures[25–27]. It was assumed that vertical sutures captured more circumferential collagen fiber, thus providing higher failure strength. A third group of collagen fiber are located among the circumferential bundles and are called “tie fibers”. These fibers are radially orientated, thus opposing to longitudinal splitting forces[24].
The medial meniscus has a stable fixation to the tibia due to the anterior and posterior root attachments, the meniscotibial (coronary) ligament around the entire perimeter of the meniscus and the deep medial collateral ligament. In 1998, Berlet and Fowler[28] described four distinct insertion patterns of the anterior horns of the medial meniscus. The type I insertion is the most common and seems to provide a very strong fixation to the tibia into the flat area called crista areae intercondylaris anterior by Jacobsen[29]. The type II insertion also provide a firm fixation, but more medially and closer to the articular surface. Type III insertion is very anterior and, even if firm, provides little resistance to anterior motion of the meniscus. The last one, type IV, has no firm fixation on the tibia, and the displacement of the anterior horn of the meniscus is controlled by coronary fibers. The superior part of the medial meniscus body is attached to the synovial tissue. In the posterior horn of the medial meniscus, the superior edge does not attach to the joint capsule, while the inferior part attaches to the tibia through the meniscotibial ligament. This ligament, together with the posterior joint capsule, forms the posteromedial femoral recess, defined as ramp area. The semimembranosus attachment to the posterior capsule seems to have a role on the pathogenesis of meniscus tears in this area. A fixation of the medial posterior horn to the capsule may potentially have an influence on the mobility of the medial meniscus, which subsequently might be responsible for poor long-term follow-up. A strictly anatomic medial meniscus repair with reconstruction only of meniscotibial attachment should be to be considered. 
The lateral meniscus has a looser attachment to the tibia and joint capsule, because of the presence of the hiatus popliteus. In this zone, the popliteomeniscal fascicules connect the lateral meniscus to the popliteus tendon and the joint capsule. An injury or the absence of such fascicules in discoid meniscus variations may produce an unstable tear causing a symptomatic meniscus hypermobility[30] (Figure 1). Posteriorly, lateral meniscus root attachment is reinforced by one or two meniscofemoral ligaments. These ligaments seem to have a significant contribution in preventing lateral meniscus extrusion[31].
Menisci vascularization is another important factor affecting the healing process. The major vascular support to the meniscus comes from the branches of superior and inferior geniculate arteries that make a subsynovial and perimeniscal capillary network infiltrating the periphery of the meniscus. Vascular supply is limited to the peripheral 10%–25% for the lateral meniscus and 10%–30% for the medial meniscus[32], but it seems to be wider in younger individuals[33]. Vascular penetration is fairly homogeneous in the lateral meniscus, whereas there is more variation within the medial meniscus, with the medial posterior horn having a significantly smaller vascularization[33]. According to the vascular supply, three different zones can be detected within the menisci: The red-red zone (the most peripheral and vascularized zone), the red-white zone (at the inner border of the vascularized zone) and the white-white zone (the inner and avascular zone)[32]. Evidently, tears in the most vascularized zones have higher healing potential and are amenable for repair, while tears in the inner portion are frequently subject to meniscectomy. 
Nerve fibers follow closely the blood vessels in their course, with the vascular outer third of the menisci being the most innervated portion[34]. 

BIOMECHANICS OF THE MENISCI
Menisci play a critical role in load distribution, protecting the smooth hyaline cartilage on both the distal femur and proximal tibia. The medial meniscus covers up to 50%–60% of the medial tibial plateau[35], and it is responsive of about 50% of load transmission in the medial tibiofemoral compartment[36]. The lateral compartment is less congruent, since the lateral tibial plateau has a more convex morphology when compared to the medial compartment. For that reason, the lateral meniscus has a higher contribute to ensure joint congruency, transferring up to 70% of load in its compartments[37]. Indeed, lateral meniscectomy result in worse clinical and radiological outcomes than medial meniscectomy[38]. 
Menisci also provide a fundamental contribute to joint stability. Specifically, the medial meniscus has been shown to be a secondary restraint to anterior translation of the tibia[39], while the lateral meniscus notably restrains tibial rotation and the pivot-shift mechanism[40]. Both medial and lateral menisci translate posteriorly on the tibial plateau during deep knee flexion. The posterior translation of the lateral meniscus (8.2 ± 3.2 mm) is greater than that of the medial one (3.3 ± 1.5 mm)[41]. This asymmetry of kinematics between the medial and lateral compartment is an established characteristic of human knees, resulting in an internal rotation of the tibia relative to the femur with increasing flexion. 
At last, menisci are also thought to play roles in knee joint lubrication and nutrient distribution as well as knee proprioception[42,43].

A NEW PATTERNS CLASSIFICATION FOR MENISCUS TEARS: THE GOOD, THE BAD AND THE UGLY LESIONS
An ideal classification system should be simple, all-inclusive, reliable, reproducible, and treated-oriented[44]. Actually, numerous classifications of meniscus tears have been described, but the International Society of Arthroscopy, Knee Surgery and Orthopaedic Sports Medicine classification is most widely adopted[45,46]. It is based on tear depth, pattern, length, location and rim width, as well as quality of meniscal tissue. However, some important factors are missing, including prognosis of the lesion pattern.
Taking inspiration from a famous movie directed by Leone and Tigani[44], the authors classified the meniscus tears in three categories: The good, the bad and the ugly lesions. The inclusion in each group was determined by the type of injury, its biomechanical effects on knee joint, the technical challenge, and the prognosis. The meniscus tear patterns included in each cluster and the related treatment proposed by the authors are resumed in Table 1. This classification is not intended to substitute the currently proposed classifications on meniscus tears but aims at offering a reader-friendly narrative review of an otherwise difficult topic.

The good lesions
Small stable longitudinal tears (both partial and full thickness tears), as well as small oblique/flap tears can be classified as good lesions. This is mainly due to the poor impact on knee biomechanics[10], both in terms of maximum contact pressure and tibial contact area changes. However, if the tear is more than 15 mm and involves the posterior horn of the meniscus, a significant change of knee biomechanics has been reported[47]. Moreover, longitudinal tears were found to decrease the in-situ meniscus force[48], thus potentially impacting on meniscus function. In addition to this, longitudinal tears of medial meniscus were significantly correlated with meniscus extrusion[49], especially if the tear size increases. Probably, the same traumatic force causing longitudinal meniscus tears may produce a concomitant meniscotibial ligament lesion, which has been closely related to meniscus extrusion[50]. As a result, such lesions should not be overlooked because if they become larger, the knee functionality may be irreversibly impaired. 
Either partial meniscectomy or arthroscopic repair can be performed, depending on the tear location and according to the vascular zones of the meniscus. A meta-analysis comparing meniscus repair and meniscectomy found better functional scores in the first group, but meniscectomy for unstable lesions in the white-white zone offered better short-term outcomes and a lower revision surgery rate[15]. The indication for surgical repair of small stable lesions in the peripheric zone of the medial meniscus is almost mandatory, due to the high risk of secondary meniscectomy if left alone[51]. On the other hand, for the lateral meniscus with peripheric small stable lesions, “leave the meniscus alone” can be the preferred approach given the low risk of subsequent meniscectomy[52].
Recent systematic reviews confirmed the good healing potential, regardless of the surgical technique[53,54]. Meniscal zones and timing from trauma have been reported as predictors of meniscal repairs outcomes[55,56]. Even arthroscopic repair of the meniscus tear in the red-white zone of the meniscus showed low failure rates[57]. Biological enhancements like platelet-rich plasma and bone marrow mesenchymal stem cells were found to improve the healing process in the white-white zone in canine models[58], but these data need to be confirmed in clinical setting. Once again, location would seem to affect outcomes, since lateral meniscus repairs showed lower failure rate than medial repairs[15]. There is still controversy regarding the influence of patients’ age on failure rate[59]. This is probably because cartilage status as well as activity level may play a more significant role[60]. 

The bad lesions
The bad lesions are defined as tears causing a significant loss of meniscus function and significantly altering knee biomechanics. However, prognosis can be good when promptly treated. Big longitudinal tears, bucket-handle tears, ramp lesions, posterior lateral root tears and complex degenerative tears can be included in this group. 
Large longitudinal tears worth being counted among bad lesions for the biomechanical reasons stated above[47–49]. Arthroscopic repair of such lesions is to be attempted, since meniscectomy would result in great loss of meniscus function[14]. Bucket-handle tears are peculiar longitudinal tears with unstable fragment causing pain and mechanical symptoms. A particular variant is the ‘‘hypermobile lateral meniscus’’, that is a very peripheral longitudinal tear causing the detachment of the lateral meniscus from the capsule in the region of the popliteus tendon hiatus. Traumatic or microtraumatic rupture of the meniscopopliteal fascicles is called upon, allowing excessive meniscal mobility[30,61]. High index of suspicion is needed because diagnosis can be easily misled with the magnetic resonance imaging (MRI). 
Preservation of the meniscal tissue is of utmost importance in this setting. Resection of bucket-handle tears drastically increases the mean and peak contact pressures in both medial and lateral tibiofemoral compartments, whereas arthroscopic repair of a bucket-handle tear more closely restores native tibiofemoral biomechanics[62]. However, the healing process of bucket-handle tears can be challenging because of the size and the complexity of the lesion[15]. A recent meta-analysis[63] showed that failure rate after arthroscopic bucket-handle meniscus tears repair ranges between 11.3%-18.3%, that is significantly higher than longitudinal tears. Medial tears and isolated tears are found to significantly increase the risk of failure within 2 years[63]. On the other hand, higher is the number of stitches, lower is the risk of failure[63]. Literature supports arthroscopic repair of such lesions, especially the bucket-handle tears of the lateral meniscus and during concomitant anterior cruciate ligament (ACL) reconstruction[16,17]. A combination of all suture techniques (all-inside, inside-outside and outside-inside) is desirable to improve the mechanical strength of the repair (Figure 2). The use of vertical sutures every 5 to 7 mm is preferred, because horizontal sutures are placed parallel to the meniscus collagen fibers and can easily pull out by separating such fibers. Either circumferential compression sutures[64] with dedicated devices or double-sided all-inside suture repair[65] (both in the superior and in the inferior surface of the meniscus) can produce overall compression of the tear, thus promoting complete healing (Figure 3). Isolated medial meniscus bucket-handle tears pose a treatment dilemma with no easy solution[66]. The good short-term outcomes as well as the high return-to-play rates after partial meniscectomy must be balanced against the long-term degenerative consequences. Patient’s age and activity level need to be taken into consideration. The decision to perform either a meniscectomy or a repair must be made in agreements with the patient, discussing risks and benefits of each option. 
Ramp lesions represent a further variant of bad lesion. These longitudinal peripheral tears of the posterior horn of medial meniscus produce a meniscocapsular or meniscotibial disruption, increasing the anterior tibial translation, internal and external rotation, and the pivot shift in ACL-deficient knees[67]. An isolated ACL reconstruction cannot adequately restore native tibiofemoral biomechanics but requires concomitant meniscocapsular and meniscotibial repair[67]. Furthermore, it has been reported that unrepaired ramp lesions may evolve in medial bucket handle meniscus tears at long-term follow-up[68]. As a result, a proper diagnosis and treatment of such lesion is fundamental. However, this type of injury can be often missed, both during MRI reading and due to its "blind" point of arthroscopic vision. It is crucial to perform a systematic exploration of the posteromedial compartment of the knee using a specific trans-notch approach. As these lesions occur in a well-vascularized zone of the meniscus, small (less than 10 mm) and stable tears may be amenable to trephination alone[69]. For unstable tears, arthroscopic repair is recommended. Reported failure rates range between 2.6% and 12.0%[70]. Several surgical techniques have been proposed, including inside-outside technique[71], all-inside[72] technique with standard devices introduced from the anterior portals, and all-inside technique using a suture hook[73] introduced from a posteromedial portal (Figure 4). The type of suture would seem associated with failure of the ramp lesion repair, with a significantly higher risk with the all-inside device than with suture hook repair sutures[74]. A hybrid repair is recommended in large lesions involving the most medial part of the ramp area in order to enhance structural stability[75]. Even the suture material has been called into question, and an absorbable monofilament suture is advocated for such repair to reduce the risk of failure[70].
Lateral meniscus posterior root tear (LMPRT) is a further bad lesion typically occurring in ACL-deficient knees. Such lesions create altered load distribution and transmission functions[76], also contributing to increase anterior tibial subluxation of the lateral compartment[77]. Compared with the medial ones, LMPRTs occur in younger male patients with lower body mass index, less cartilage degeneration and less extrusion on MRI. The better functional outcomes after LMPRTs repair than medial root repair suggest that differences in injury and patient characteristics may contribute to differences in these results[78,79]. Repair of LMPRT can be performed with a side-to-side reconstruction or a trans-tibial pull-out technique, according to the type of the lesion. If the repair occurs during concomitant ACL reconstruction, the risk of convergence of the posterior root tunnel and the tibial ACL tunnel is high. Some authors recommend drilling the meniscal root tunnel from the anterolateral tibia[80]. Other authors suggest using the ACL tunnel to fix the meniscus suture[31] (Figure 5). A personalized technique using a suture anchor[81] was previously described, in order to eliminate this risk in selected cases.
The list of the bad lesions is completed with complex tears, that are a combination of different degenerative tear patterns including oblique tears, big flaps and horizontal cleavage of the meniscus. These lesions are counted among this group because they can be indicators of early-stages osteoarthritis. Knee malalignment, obesity and functional overloading may be responsive for degenerative meniscal matrix changes, thus leading to meniscal fatigue, loss of function and extrusion. Such lesions in their turn further undermine knee joint, by increasing peak compressive and shear stress of both cartilages and menisci[82]. Degenerative tears of the medial meniscus seem to have a greater impact on knee biomechanics, by inducing larger stress and extrusion than the lateral meniscal tears[82]. There is a consensus in the literature promoting conservative treatment as the first-line approach for such lesions[83,84]. This should include activity modification, intra-articular injections, physical therapy with specific rehabilitation, gait analysis and supportive orthoses[85–87]. Surgical treatment is recommended only in case of pain no longer responsive to medical therapy or in presence of mechanical symptoms, such as clicking or briefly locking knees. Surgical indication must be confirmed with radiographic and MRI investigation, to rule out signs of advanced osteoarthritis, meniscal extrusion, extensive cartilage damage or bone marrow lesions, which may negatively impact on arthroscopy outcomes. Due to the degenerative nature of the lesion and the poor biological potential of healing, arthroscopic partial meniscectomy has been recommended as the main surgical option. Partial meniscectomy should be limited to the unstable fragments but preserving as much healthy meniscal tissue as possible. A complete resection of such tears would subsequently result in a subtotal meniscectomy, further accelerating the joint degenerative process[82]. This also applies in case of degenerative horizontal tears. In a biomechanical study on 10 cadaveric knees, both single leaflet and double leaflet resection was found to significantly reduce contact area and increase contact pressure in the knee[88]. Only a suture repair of such horizontal cleavage tears returns the contact area and contact pressure to nearly normal[88]. As a result, the repair of such lesions is recommended using a vertical mattress stitch configuration following minimum edge resection, if the quality of the meniscal tissue is adequate[89]. Biological augmentation has been proposed in the literature to enhance healing potential of such degenerative lesions[90,91], but further studies with higher methodologic quality are needed to confirm this option.

The ugly lesions
The ugly lesions represent the worst scenario for knees, since this group include meniscus tears with the poorest prognosis. All meniscus injuries causing a damage of the meniscus ring are considered ugly lesions, because the interruption of this structure means a complete loss of meniscal function. 
Radial tears represent the first type of ugly lesions, because create unfavourable knee dynamic contact mechanics that are not significantly different from those resulting from meniscectomy[11,76] (Figure 6 and Video 1). Such lesions seem to have a lower potential for healing than longitudinal tears[92]. Despite this, the focus on preservation of meniscal tissue has become increasingly imperative even in this context. This has led to the emergence of several arthroscopic repair techniques. Inside-outside or outside-inside horizontal repairs have been considered for long time as the gold standard. However, a recent systematic review demonstrated that a combination of all-inside horizontal or crossed stitches reinforced with suture parallel to the tear as ripstop (defined as hashtag or crosstag technique, respectively) may improve the repair strength[93]. Radial meniscus tear repairs can be further strengthen by creating a transtibial tunnel augmentation[93]. Even a suture anchor can be used to reinforce the radial meniscus repair (Figure 7), but biomechanical data are needed to confirm the validity of this technique. 
Medial meniscus posterior root tears (MMPRTs) represent a further variant of ugly lesions. This is because creates an interruption of the meniscus ring with subsequent effects on knee kinematics, load transmission and stability[94–96]. In addition, this injury can be responsive of meniscus extrusion[94] (Figure 8), thus leading to a complete meniscus loss of function. Differently to LMRTs, the medial tears are typically associated with high-grade chondral lesions and severe varus knee alignment, which are well-recognized risk factors for poor outcomes[78,97]. According to the current literature, MMPRT repairs result in favourable clinical improvements, but meniscus extrusion seems not to be significantly reduced[98]. Furthermore, the progression of joint degeneration seems to not be completely prevented[98]. The arthroscopic meniscus centralization associated with MMPRT repair has been proposed (Figure 9), resulting in good short terms outcomes and significant reduction of extrusion distance[99]. However, the beneficial long-term effects have yet to be demonstrated. In such circumstances, surgeons’ efforts should not only focus on the meniscus tear, but also on limb alignment. A concomitant valgus osteotomy needs to be considered in cases of severe varus knees. This has been demonstrated to improve meniscus healing process, although clinical and radiological outcomes seem not to significantly differ from isolated valgus osteotomies[100].
Medial and lateral anterior root tears need a separate mention. Injuries to the anterior root of the menisci are less common and frequently iatrogenic, such as during arthroscopic portals creation, ACL tibial tunnel reaming or tibial nailing for traumatic fractures[96]. In the authors’ experience, medial anterior root tear can be associated with medial bucket-handle tear (Figure 10). As a result, the biomechanical effect of such lesions remains unclear. Although most of the reported literature refers to posterior meniscal root tears, it would stand to reason that anterior root tears will have the same fate if not anatomically repaired. Repair of such lesions can be extremely challenging. Anatomical tibial tunnel positioning or the use of suture anchor can be needed. The creation of accessory portals and the use of dedicated devices can make the procedure easier.

CONCLUSION
This review aims at representing a practical and updated guide for treatment of meniscus tears. Several factors should be considered when approaching meniscus surgery. Biomechanical aspects, technical challenges and long-term outcomes need to be considered before deciding the most appropriate therapeutic approach. Further biomechanical studies as well as rigorous clinical research with high methodologic quality are welcome to improve the current knowledge on this fascinating but challenging topic.
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Figure Legends
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Figure 1 Arthroscopic view of posterosuperior popliteomeniscal fascicule injury (white arrow). The lateral meniscus is no longer properly anchored to popliteus tendon (asterisk), causing meniscus hypermobility. 
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Figure 2 Isolated lateral meniscus bucket-handle tear in an 18-year-old male patient. A: Arthroscopic findings with the unstable bucket-handle fragment (white arrow); B: Arthroscopic repair of the posterior horn using an all-inside technique; C: Repair of the anterior third using an outside-in technique; D: Repair of the meniscal body with an inside-out technique; E: Final aspect of the meniscal repair.

[image: ]
Figure 3 All-inside repair of a longitudinal meniscus tear. A: Superior suture placement creates a non-uniform compression of the tear; B: A second suture placed in the inferior portion of the meniscus rebalance the repair compression forces, thus correcting the superior meniscus displacement secondary to the first suture.
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Figure 4 Ramp lesion repair from the posteromedial portal using a suture hook. A: The suture is passed through the posteromedial capsule and the posterior meniscotibial ligament; B: The hook is advanced until reaching the posterior portion of the medial meniscus; C: A sliding-knot is used to secure the repair (view from the posteromedial portal).
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Figure 5 Arthroscopic repair of the lateral meniscus posterior root repair. A: Arthroscopic view of the repair; B: The suture is passed in the same anterior cruciate ligament tibial tunnel and knotted on a dedicated plate.
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Figure 6 Arthroscopic view of a radial tear of the medial meniscus. A: Medial meniscus in no-weightbearing condition B. After applying a compression force, the medial meniscus is totally extruded, thus losing is protective function in the knee joint.
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Figure 7 Radial tear of the lateral meniscus. A: Arthroscopic visualization of the radial tear of the lateral meniscus; B: Tear repair using an all-suture anchor; C: Preoperative T1 sagittal magnetic resonance imaging (MRI) view, showing the extrusion of the anterior portion of the lateral meniscus; D: Six-month follow-up T1 sagittal MRI view, showing the relocation of the anterior portion and the all-suture anchor used for the repair (white arrow).
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Figure 8 Isolated posterior root tear of the medial meniscus. A: T2 Fat-Sat coronal magnetic resonance imaging (MRI) view, showing disruption of the meniscus ring (white arrow); B: T2 Fat-Sat sagittal MRI view, with the “ghost sign”, highly suggestive for posterior root tear; C: T2 Fat-Sat coronal MRI view, showing detachment of the medial meniscotibial ligament (white arrow) and meniscus extrusion.
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Figure 9 Arthroscopic view of medial meniscus centralization with two all-suture anchors.

[image: ]
Figure 10 Anterior root detachment of the medial meniscus, with concomitant bucket handle tear. A: Arthroscopic finding with the tibial avulsion site (white arrow); B: Repair of the lesion using a 3.5 metallic suture anchor; C: Final view of the repair.


Table 1 The classification of meniscus lesions and the recommended treatment for each tear pattern
	
	Suggested treatment
	Secondary treatment

	Good lesions
	
	

	Stable longitudinal tears
	Repair of peripheral tears
	Peripheric small tears of the lateral meniscus can be left in situ because of the low risk of subsequent meniscectomy

	Small flap tears
	Partial meniscectomy of small lesions in the avascular zone of the meniscus
	

	Bad lesions
	
	

	Bucket handle tears
	Repair with dedicated technique according to the lesion features
	Meniscectomy of isolated medial bucket handle tears must be discussed with patients

	Ramp lesions
	Conservative treatment should be considered as first-line for degenerative tears
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