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Abstract
BACKGROUND
[bookmark: OLE_LINK54][bookmark: OLE_LINK55]Discoid meniscus is a congenital anomaly that typically affects the lateral meniscus. The appearance of the discoid medial meniscus in both knees is extremely rare, with an incidence of only 0.012%.

CASE SUMMARY
[bookmark: OLE_LINK56][bookmark: OLE_LINK57]Our patient was a 30-year-old female. Under no obvious predisposing causes, she began to experience pain in both knees, which worsened while walking and squatting. The pain was aggravated after exercise, and joint flexion and extension activities were accompanied by knee snapping. Apley’s test was positive on physical examination, and there was a pressing pain in the medial articular space. Plain radiographs of both knees revealed no obvious abnormalities in the bilateral knee joint space. Partial meniscectomy as well as menisci reformation were performed on both knees under arthroscopy. Under the guidance of rehabilitation, the patient’s range of motion in both knees returned to normal without pain and knee snapping.

CONCLUSION
[bookmark: OLE_LINK58][bookmark: OLE_LINK59]This study showed that the clinical manifestations of the discoid medial meniscus injury are identical to those of the conventional medial meniscus injury, and arthroscopic surgery is effective.
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[bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3]Core Tip: Discoid medial meniscus is very rare, and the bilateral discoid medial meniscus is extremely rare. We present the case of a 30-year-old female with features of a meniscal tear in two symptomatic knees and radiographic findings of discoid menisci in both knees. A provisional diagnosis of bilateral discoid medial menisci was made. Magnetic resonance imaging confirmed the discoid nature of the medial menisci in both knees. Both knees underwent partial meniscectomy and menisci reformation by arthroscopy. After 6 mo of follow-up, the patient had good clinical and functional outcomes.



INTRODUCTION
[bookmark: OLE_LINK60][bookmark: OLE_LINK61]The meniscus is an annular wedge fibrous cartilage tissue with a thick edge and thin middle filling between the femur and tibia in the knee joint. The main function of the meniscus is to fill and lubricate the gap between the knee joint, making the upper and lower bones more stable, smooth, and uniformly stressed[1-3].
Discoid meniscus is an anatomical congenital abnormality in which the meniscus is thicker and larger than normal[4]. It usually affects the lateral meniscus of the knee joint and impacts both knees. The appearance of the discoid medial meniscus of the knee is extremely rare and even rarer in bilateral knees. Related reports show that the incidence of the discoid lateral meniscus is 1.2%–5.2%, and the incidence of the discoid meniscus on the medial meniscus is 0.12%–0.3%. The incidence of the bilateral knees with the discoid medial meniscus is only 0.012%[5,6]. Since Murdoch[7] reported the first case of the medial discoid meniscus in both knees in 1956, there have only been 20 reports of the medial discoid meniscus in both knees. In general, the bilateral discoid meniscus lesions do not cause notable clinical symptoms, and many people only visit the hospital when they experience severe pain, acid swelling, and motor dysfunction; thus, the actual incidence may be higher than the statistical data[8].
This article reports a patient with a medial discoid meniscus in both knees. Following magnetic resonance imaging (MRI) and arthroscopy confirmation of the diagnosis, partial meniscectomy as well as menisci reformation were performed on both knees by arthroscopy. The short-term follow-up results were satisfactory.

CASE PRESENTATION
Chief complaints
[bookmark: OLE_LINK62][bookmark: OLE_LINK63]A 30-year-old female patient presented to our orthopedic outpatient clinic with pain in both knees with limited range of motion for more than 3 years.

History of present illness
[bookmark: OLE_LINK64][bookmark: OLE_LINK65]Three years ago, under no obvious predisposing causes, she began to experience pain in both knees, which worsened while walking and squatting. The pain was aggravated after exercise, and joint flexion and extension activities were accompanied by knee snapping. She even displayed the symptom of joint locking.

History of past illness
[bookmark: OLE_LINK66][bookmark: OLE_LINK67]The patient has no history of other diseases.

Personal and family history
[bookmark: OLE_LINK68][bookmark: OLE_LINK69]The patient had no family or genetic disease history.

Physical examination
[bookmark: OLE_LINK70][bookmark: OLE_LINK71]On specialized examination, the following results were observed: no bilateral knee joint swelling, normal skin temperature, no varus or valgus knee deformity, negative floating patella sign, positive Apley’s test, pressing pain of the medial articular space, negative over-flexion test, positive McMurray test, negative drawer test, negative Lachman Test, and negative lateral stress test. The joint motion of the left knee was 0-110° and that of the right knee was 0-120°. The Lysholm score was 40.

Laboratory examinations
[bookmark: OLE_LINK72][bookmark: OLE_LINK73]On preoperative laboratory examination, no abnormalities were found.

Imaging examinations
Plain radiographs of both knees revealed no significant abnormalities in the knee joint space (Figure 1). MRI is currently the imaging method of choice for diagnosing the discoid meniscus. The presence of three or more consecutive, 5-mm thick, sagittal images that demonstrate contiguity between the anterior and posterior horns of the meniscus is pathognomonic for discoid meniscus. The medial meniscus fills the medial joint space in the coronal view, extending to the medial side of the intercondylar fossa. However, the most accurate criterion for diagnosis is a ratio of the minimal meniscus width to the maximal tibial width of > 20% in the coronal plane. Three consecutive images at the sagittal position of the bilateral knee showed the anterior and posterior corners of the meniscus joined, body hypertrophy, and the medial meniscus was filled in the medial joint space extending to the intercondylar fossa in the coronal position. The medial meniscus showed a horizontal tear (Figures 2 and 3). 

FINAL DIAGNOSIS
[bookmark: OLE_LINK74][bookmark: OLE_LINK75]A medial discoid meniscus tear in both knees.

TREATMENT
[bookmark: OLE_LINK76][bookmark: OLE_LINK77]After confirming the diagnosis of the meniscus injury in both knees with general anesthesia and a nerve block, the traditional anteromedial and anterolateral approaches under arthroscopy were used; thus, the left and right knee joints were explored successively. The intraoperative examination revealed left knee synovial hyperplasia, discoid medial meniscus, lamellar and longitudinal fissures, obvious edge relaxation, intermediate hypertrophy, intact lateral meniscus, and no obvious cruciate ligament or cartilage damage (Figure 4A). The examination of the right knee revealed synovial hyperplasia, discoid medial meniscus, lamellar and longitudinal fissures, obvious relaxation at the edge, hypertrophy in the middle, intact meniscus outside, and no obvious cruciate ligament or cartilage damage (Figure 4B). A partial meniscectomy was performed on both knees, and the discoid medial meniscus was reformed by saucerization.
The knee joint activity training, ankle pump exercise, and straight leg raising training were started immediately postoperatively; weight-bearing walking practice with crutches was started on the 1st postoperative day.

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK78][bookmark: OLE_LINK79]At the 1-mo postoperative follow-up, the wound had healed well and showed no signs of infection. The patient could walk without a brace, and normal activities were completely restored. Six months after the operation, outpatient and telephone follow-ups revealed that the joint motion of the bilateral knees was completely normal without pain and knee snapping. Her Lysholm score was raised to 95.

DISCUSSION
[bookmark: OLE_LINK80][bookmark: OLE_LINK81]Congenital variations of the discoid meniscus always occur in the lateral meniscus of the knee. The medial discoid meniscus is rare, and cases of a discoid meniscus of the medial of both knees are even rarer. In 1889, an anatomical study by Young et al[9]found the first discoid meniscus in the lateral space of the knee joint, and people began to understand the discoid variation of the meniscus. In 1941, Cave[10] reported that the medial side of the knee joint can also have a discoid meniscus. Murdoch[7] reported the first case of the bilateral medial discoid meniscus in 1956. Since then, only 20 cases of the discoid meniscus on the medial knees have been reported.
Because most patients do not have any clinical symptoms, the current domestic and international studies on the incidence of the discoid medial meniscus have not been determined. Smillie[11] found 467 cases of the discoid lateral meniscus and only 7 (0.07%) cases of discoid medial meniscus among 10000 meniscectomy cases. Dickason et al[12], in a retrospective study of 14731 patients with a meniscus injury, studied 8040 cases of medial meniscus injury, of which only 10 (0.12%) cases were discoid meniscus, and 102 (1.5%) cases were discoid meniscus among 6691 cases of the lateral meniscus.
Discoid meniscus is more common in Asians than in westerners, whereas medial discoid meniscus is rare in both eastern and western populations. Fukuta et al[13] reported that the incidence of the discoid meniscus in China, Japan, and South Korea was approximately 13%. Kim et al[14] reported a discoid meniscus incidence of approximately 10.9% in South Korea. Rao et al[15] reported a study of 1643 knee arthroscopies in South Asia and found 95 cases of the discoid meniscus, with an incidence of 5.8%. Murlimanju et al[16] reported that the incidence of discoid lateral meniscus was approximately 17.9% in the autopsy of the South Indian population.
Currently, the causes of the discoid meniscus are unknown, and the hypotheses of strain hyperplasia, high mobility of the meniscus, embryonic development stagnation, genetic factors, and congenital factors are controversial[17]. Smillie[11] pointed out that the discoid meniscus is caused by a reabsorption disorder in the center of the cartilage disc from neonatal to adult development. Kaplan’s[18] research showed that the meniscus in the early embryo was crescent-shaped rather than discoid. He believed mechanical stress factors, such as excessive root activity behind the meniscus, gradually formed the discoid meniscus. Ahmed Ali[19] reported a familial case of medial discoid meniscus tear, suggesting that discoid meniscus may be associated with a genetic abnormality. Recent studies have shown that a discoid meniscus is abnormal in both morphology and histomorphology. Papadopoulos et al[20] found that the collagen fibers in the discoid meniscus were heterogeneous leading to the destruction of the collagen network and speculated that this destruction weakened the ultrastructure of the collagen, inducing a meniscus tear. However, there is no consensus on which theory of the medial discoid meniscus formation mechanism is correct.
Based on arthroscopic appearance, Watanabe et al[21] categorized the discoid meniscus into three different types: complete, incomplete, and Wrisberg-ligament type. This classification is currently the most widely used for lateral discoid meniscus. The size of the disc-shaped meniscus covering the tibial plateau determines the complete and incomplete types. In the Wrisberg-ligament type, only the Wrisberg ligament attaches to the lateral side of the medial femoral condyle, and structural abnormalities or the absence of the coronal ligament prevent the meniscus from properly attaching on the posterior side of the tibial plateau. As a result, the meniscus is pulled between the condyles when the knee is extended and repositioned when the knee is flexed. The lateral meniscus develops a secondary thickening and disc shape as a result of repeated abnormal activity and mechanical stimulation. At present, the medial discoid meniscus has only complete and incomplete types reported in the literature with no report on the Wrisberg-ligament type. Monllau et al[22] expanded on this basis with a fourth lateral discoid meniscus type: annular discoid meniscus with a normal attachment of the posterior horn of the meniscus to the posterior border of the tibial plateau. However, this additional classification is not used in clinical treatment decisions. Additionally, the value deserves further study.
The discoid meniscus is not strong enough to bear the body weight due to the shape and movement characteristics of the knee joint surface and is easily crushed and torn[23]. Because the medial articular surface of the knee is usually the primary weight-bearing part of the body, a medial disc meniscus tear is theoretically more likely than a lateral one. The most common symptom of a discoid medial meniscus injury is knee pain without obvious predisposing causes. Other symptoms depend on the stability of the meniscus[24]. When the meniscus is unstable, knee snapping may occur, and when the meniscus is torn, joint swelling, soft legs, and joint locking may occur. A positive McMurray’s test can be detected during physical examination[25]. The mechanism of discoid medial meniscus injury is mainly through the internal knee rotation, and most of the injuries are longitudinal and lamellar fissures. Dickason et al[12] summarized the MRI findings of 18 cases of discoid meniscus injury on the medial side of the knee joint, including 10 cases of lamellar tears, 3 cases of Bucket-handle tears, 1 case of horizontal tear, and 4 cases without an obvious tear.
Because of the lack of typical clinical symptoms, the discoid meniscus is primarily diagnosed using MRI or arthroscopy. The MRI diagnosis of the discoid medial meniscus is the same as that of the discoid lateral meniscus[26]. The observations are as follows: the diagnosis is made when the anterior and posterior corners of the meniscus form a “bowknot” in the sagittal view, which can be seen at 3 or more continuous layers at 5-mm thickness intervals. At the coronal level, the discoid meniscus is diagnosed accurately when the ratio of the minimum meniscus width to the maximum tibial width is > 20%[27]. The X-ray film of the knee joint shows that the bony structure development is normal, but the extension of the edge of the discoid medial meniscus to the femoral intercondylar region of the femur can cause the widening of the medial space. The clinical manifestations are a “cup-like” appearance of the medial tibial plateau, the collapse of the proximal medial joint, flattening of the femoral condyle, and widening of the medial joint space[28]. With the widespread use of MRI, more cases of asymptomatic discoid medial meniscus are being diagnosed. However, MRI requires a lengthy examination and is unavailable in all centers. Moreover, it has limitations for claustrophobic patients or those with metal implants[29]. However, arthroscopy remains the “gold standard” for diagnosing a discoid meniscus.
The blood supply to the meniscus is very complex, with a very poor blood supply. As a result, it can barely heal on its own after injury, and conservative treatment is less effective. Meniscus repair surgery is often needed to relieve pain and restore joint function. Because the incidence of the discoid medial meniscus is very rare, there is no systematic summary of its treatment. Kramer et al[30] noted that the surgical indications for discoid medial meniscus injury are similar to those for normal meniscus, and asymptomatic discoid medial meniscus should be treated conservatively. If symptoms develop, surgery is required. The objective of the operation is to eliminate the symptoms and signs caused by the discoid meniscus while preserving as much meniscus function as possible.
Tachibana et al[31] performed arthroscopic menisci reformation on 4 cases of discoid medial meniscus, with satisfactory clinical results. Song et al[32] suggested that the central part of the discoid meniscus be removed during the formation of the discoid medial meniscus, while the intact meniscus tissue with a width of 6–8 mm be preserved. The short-term clinical effect of discoid meniscectomy is satisfactory, but the long-term effect is poor. Räber et al[33] studied 19.8 years of clinical follow-up after discoid lateral meniscus resection and found that the risk of osteoarthritis of the knee joint was significantly increased after discoid lateral meniscus resection.
In this study, the patient had obvious pain in the bilateral knees, which seriously affected her quality of life. Partial meniscectomy and menisci reformation were performed. The patient recovered well in postoperative follow-up. In general, whether to use partial or total meniscectomy is determined primarily by the location and severity of the discoid meniscus injury but also by the patients’ age, whether associated with other injuries, the duration of symptoms, and the functional status of the knee joint itself. The meniscectomy of the discoid meniscus is best suited for older patients who have severe meniscus tears, poor meniscus texture, and so on[34]. Discoid menisci reformation is used to repair the meniscus to a natural arc and restore the thickness and width to normal ranges[35]. In general, the treatment of discoid meniscus must be individualized. Comprehensively, although the effect of arthroscopic treatment of discoid meniscus is satisfactory, a long follow-up is still needed to clarify its benefits and disadvantages[36].

CONCLUSION
[bookmark: OLE_LINK82][bookmark: OLE_LINK83]Discoid meniscus on the medial knee is rare, and discoid meniscus of the bilateral knees is even rarer. A timely MRI examination of the knees can aid in preoperative diagnosis. When the discoid medial meniscus of the knee is detected on one side, an MRI examination of the contralateral knee is recommended to help the patient take preventive measures to avoid the recurrence of a similar injury in the contralateral asymptomatic knee. Arthroscopy is the “gold standard” for diagnosing and treating discoid meniscus. To diagnose discoid medial meniscus injury, comprehensive consideration of the patient’s condition is essential.
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Figure Legends
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[bookmark: OLE_LINK93][bookmark: OLE_LINK94]Figure 1 X-ray. A and B: Representative radiographs of the knees show no abnormalities.
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[bookmark: OLE_LINK95][bookmark: OLE_LINK96]Figure 2 Magnetic resonance imaging examination of the right knee. A-C: Three consecutive images in the sagittal view show a complete medial discoid meniscus; D-F: Coronal views showing a horizontal tear of the medial meniscus.
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[bookmark: OLE_LINK97][bookmark: OLE_LINK98]Figure 3 Magnetic resonance imaging examination of the left knee. A-C: Three consecutive images in the sagittal view show a complete medial discoid meniscus; D-F: Coronal views showing a horizontal tear of the medial meniscus.
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[bookmark: OLE_LINK99][bookmark: OLE_LINK100]Figure 4 Arthroscopy. A: Left discoid medial meniscus; B: Right discoid medial meniscus.
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