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Meniscal Fibrocartilage

An overview of meniscal fibrocartilage pathology and rehabilitation

Meniscal tissue is found in many different joints throughout the human body. While there are menisci in the acromioclavicular and sternoclavicular joints, the temporomandibular joint, vertebral facet joints, and the ulnar-carpal joints, the most commonly injured, studied, and researched menisci are found in the knees[endnoteRef:1]. In fact, meniscal injuries are among the most commonly occurring knee injuries[endnoteRef:2]. The meniscus of the knee is made up of two components: a medial “C-shaped” component and a lateral “O-shaped component1. These sit nicely between the femoral condyles and the tibial plateau (Fig 1)[endnoteRef:3]. The peripheral border of each meniscus is relatively thick and convex, while the inner border tapers to a very thin structure[endnoteRef:4]. This gives the meniscus its wedge shape that serves to deepen the articular surfaces of the tibial plateau, which improves congruency with the femoral condyles4 (fig 2). Although both components serve the same purpose, the lateral meniscus makes up a larger percentage of the tibial plateau[endnoteRef:5].  [1: Appendix:



Fig1: Overview of knee anatomy with menisci sitting between the femoral condyles and the tibial plateau.







Fig2: The meniscus of the knee works to deepen the articulating surfaces of the tibial plateau and improves congruency of the tibiofemoral joint.


Fig 3: The multiple layers of the meniscus. The superficial layer is a mesh matrix of collagen fibrils. The surface layer is found directly below this and is a transition layer of randomly arranged collagen bundles. The large middle layer is the deepest layer and consists of large collagen bundles that are arranged primarily in a circumferential orientation. 



Fig 4: Meniscal suturing techniques. (A, B, and C) Variations on vertical suturing techniques, (D) horizontal mattress stitch, and (E) knot-end stitch. 22
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Meniscal fibrocartilage is a very dense collagenous structure that is comprised of ~75% collagen[endnoteRef:6] arranged in a very dense matrix. This is of particular importance as it gives the substance a low permeability to water, the confinement of which provides support when undergoing compression[endnoteRef:7]. Most of the collagen that makes up the meniscus is type I collagen, although types II, III, V, and VI have also been identified within the structure[endnoteRef:8]. The remaining organic matter is made up of glycosaminoglycans (GAGs) (17%), DNA (2%), adhesion glycoproteins (<1%), and elastin (<1%)[endnoteRef:9].  The GAGs form a glue-like substance that is vital to the integrity of the meniscus6. The percentage of GAGs in meniscal tissue is much lower than in articular cartilage, which explains the relatively decreased stiffness and strength of menisci in comparison7.  [6:  Gross, Mike. Voicethread Lecture Meniscus. University of North Carolina at Chapel Hill. Accessed November 20, 2012.]  [7:  P.G. Scott, T. Nakano, C.M. Dodd. Isolation and characterization of small proteoglycans from different zones of the porcine knee meniscus. Biochim Biophys Acta, 1336 (1997), pp. 254–262]  [8:  McDevitt CA, Webber RJ. The ultrastructure and biochemistry of meniscal cartilage. Clin Orthop. 1990;252:8-18.]  [9:  Makris, EA.; Hadidi, P.; Athanasiou, KA. 2011. The knee meniscus: Structure–function, pathophysiology, current repair techniques, and prospects for regeneration. Biomaterials: 32(30):7411-7431.] 

The vascularity of the meniscus is of particular interest as it relates directly to the tissue’s ability to heal. The meniscus is fully vascularized at birth, however, this decreases throughout life and at full maturity only the peripheral 10-25% of the structure contains blood vessels and nerves5. Research and clinical observation has shown that injuries to the vascular region of the meniscus trigger an inflammatory and reparative response similar to that in other connective tissues[endnoteRef:10],[endnoteRef:11]. In contrast, injuries to the avascular inner region have very little chance of self-healing and are considered to be particularly difficult to treat. A number of different approaches have been attempted and will be discussed in detail in other sections of this paper.  [10:  Shelbourne KD, Rask BP. The sequelae of salvaged nondegenerative peripheral vertical medial meniscus tears with anterior cruciate ligament reconstruction. Arthroscopy. 2001;17:270–274.]  [11:  Arnoczky SP. Meniscus healing. Contemp Orthop. 1985;10:31.] 

Light and electron microscope examinations have revealed that the meniscus is comprised of 5 total layers. 2 thin superficial layers that consist of mostly of fine collagen fibrils in a mesh-like matrix are at the very top and the very bottom of the meniscus and serve to prevent any small openings in the surface of the structure[endnoteRef:12]. Just deep to these layers at both ends is a surface layer, which is a transitional region of randomly aligned collagen fibers. This leads to a large middle layer in which the collagen fibers are larger and courser and lie parallel in a circumferential direction12 (fig 3). It is this key middle layer that allows the meniscus to resist high tensile forces and to help evenly transmit load across the knee joint13.  [12:  Aspden RM, Yarker YE, Hukins DW. Collagen orientations in the meniscus of the knee joint. J Anat. 1985;140(Pt 3): 371–380.] 

Like all tissues in the body, meniscal fibrocartilage has a specific job to do. While the function of each meniscus may vary slightly based on it’s location in the body, the main role of meniscal tissue remains constant; to reduce contact pressure across a joint, thereby providing protection to the articular cartilage of the adjoining bones7. To achieve this, the functions of knee menisci can be broken into load bearing, shock absorption, pressure attenuation, joint stability and joint lubrication6,[endnoteRef:13].  [13:  Dodds, J.; Arnoczky, SP. Meniscus. Practical Orthopaedic Sports Medicine & Arthroscopy 1st Edition. 2007. Lippincott Williams & Wilkins. Chapter 2.] 

The load bearing properties of the meniscus are best highlighted by observing the degenerative changes that occur following a total meniscectomy. Radiographic changes including joint space narrowing, flattening of the femoral condyles, and osteophyte formation, have all been shown to result from the loss of the weight-bearing function of the meniscus[endnoteRef:14]. The wedge-shape of the meniscus allows it to transfer downward directed compressive forces into radially directed tensile forces that are dealt with efficiently by the circumferentially oriented collagen fibers of the middle layer of the meniscus[endnoteRef:15]. Studies show that more than 50% of the load transmitted through the knee in full extension is transmitted through the meniscus, and in 90 degrees of flexion this percentage jumps to over 85%13. These statistics highlight why articular degeneration is accelerated so rapidly after the removal of a meniscus. This process is further amplified by the fact that contact area between the femur and tibia is decreased by over 50% after the removal of a meniscus, severely increasing contact pressures experienced over this smaller area13.  [14:  Fairbank TJ. Knee joint changes after meniscectomy. J Bone Joint Surg Br. 1948;30:644.]  [15:  M.A. Sweigart, K.A. Athanasiou. Toward tissue engineering of the knee meniscus. Tissue Eng, 7 (2001), pp. 111–129.] 

An additional function of meniscal tissue can be measured using accelerometery data. Studies have shown that a knee with an intact meniscus is capable of 20-30% more shock absorption than a knee that has undergone a meniscectomy[endnoteRef:16]. The meniscus is able to achieve these shock absorption properties by prolonging the time of deformation as forces are transmitted across the joint6. The perfect concentration of collagen matrix, GAGs and water that was mentioned previously, explain why this is possible. This combination of substances allows some deformation as water is slowly moved within the structure, resulting in shock absorption. This mechanism acts secondarily in combination with the increased contact area to further protect the articular cartilage of the joint and to prevent degeneration and the development of osteoarthritis13,16.  [16:  Voloshin AS, Wosk J. Shock absorption of meniscectomized and painful knees: a comparative in vivo study. J Biomed Eng. 1983;5:157–161.] 

Joint stability is a controversial secondary function of meniscus and its role in this is a minor one. While it can be shown that in the absence of the stabilizing ligaments, the menisci will act to stabilize the joint and prevent unwanted motion, the structure is not designed to withstand this type of stress and resultant meniscal injury is extremely likely6. While a knee that has an intact ACL requires little additional stabilization from the menisci, an injury to the ACL can completely change this and rather than play the very minor role that it is capable of, the meniscus is required to now act as the primary source to prevent anterior motion of the femur on the tibia. As the femoral condyles move anteriorly, they now contact the medial meniscus, which acts like a doorstopper preventing this motion. However, the meniscus was not designed to handle this load without the support of ligaments and capsular restraints and the resulting sheering force can and often will result in a meniscal injury6. 
This relationship between ACL insufficiency and meniscal tears has been well established in the literature. Due to this relationship, many researchers have looked at the effect of time waited to undergo ACL surgery after the initial injury. A study by Murrell et al investigated this very relationship in 130 patients over a 10-month period[endnoteRef:17]. All of the patients were diagnosed with ACL insufficiency and waited a range of different times before having surgery. It was determined that the length of time a patient waited before having ACL surgery after injury significantly impacted the likelihood of also having a meniscal tear at the time of surgery17. In fact, those who had their ACL surgery more than 2 years after the initial injury had 5 times more meniscal damage than those patients who had surgery within 1 month of incurring the ligament injury17. Similar results were reported by Tandogan et al who reported in their study of 684 patients that those patients who were 2 to 5 years post injury were 2.2 times more likely to have a medial meniscus tear than those patients who were within a year of their initial injury[endnoteRef:18]. Moreover, those patients who were more than 5 years from the time of their injury were found to be 5.9 times more likely to have a medial meniscal tear18. These studies highlight a plethora of literature on this topic that indicates the importance of minimal waiting time between ACL injury and surgery in order to protect the integrity of the menisci. [17:  Murrell, G. A., Maddali, S., Horovitz, L., Oakley, S. P., & Warren, R. F. (2001). The effects of time course after anterior cruciate ligament injury in correlation with meniscal and cartilage loss. The American Journal of Sports Medicine,29(1), 9-14.]  [18:  Tandogan, R. N., Taser, O., Kayaalp, A., Taskiran, E., Pinar, H., Alparslan, B., & Alturfan, A. (2004). Analysis of meniscal and chondral lesions accompanying anterior cruciate ligament tears: Relationship with age, time from injury, and level of sport. Knee Surgery, Sports Traumatology, Arthroscopy : Official Journal of the ESSKA, 12(4), 262-270. ] 

Since the relationship between ACL insufficiency and meniscal tears has been well established, it is worth discussing that delaying ACL surgery can also be associated with increased chance of experiencing cartilaginous injury as well. As this paper highlighted earlier, a healthy meniscus acts to protect articular cartilage from damage and subsequent osteoarthritis. As such, when a delay before ACL surgery occurs and resulting forces cause damage to the meniscus, it is no longer able to efficiently protect the underlying cartilage making the patient more susceptible to this type of damage as well[endnoteRef:19]. Fok et al investigated this relationship and established a clear association between untreated ACL injuries and both meniscal injuries and cartilaginous injuries19. Not only did they find that meniscal tears doubled the likelihood of cartilage damage but they also reported that cartilage injury would occur in 17-43% of all untreated ACL injuries. The authors concluded from their study the urgent importance of encouraging timely ACL surgery for our patients19.  [19:  Fok AW, Yau WP. Delay in ACL reconstruction is associated with more severe and painful meniscal and chondral injuries. Knee Surg Sports Traumatol Arthrosc. 2012. doi: 10.1007/s00167-012-2027-1.] 

There are a wide variety of surgical interventions available for consideration to patients who suffer a meniscal tear. Additionally, conservative treatment has also shown to be effective in some cases. No one surgical procedure or intervention method is the right answer for everyone and every patient’s injury and situation should be considered on a case-by-case basis. There are a number of important factors to take into account when making a decision on what intervention to select, however, in general, the more meniscus a patient can keep, the better the long-term results will be for the patient. This is because of the positive effect that a healthy and functioning meniscus has on reducing contact pressures and absorbing shock through the joint1. Keeping more meniscus will generally result in greater capacity to reduce contact pressures and therefore less resulting damage to articular cartilage as the likelihood of future degenerative changes is directly proportional to the amount of meniscus removed6,[endnoteRef:20].  [20:  H. Andersson-Molina, H. Karlsson, P. Rockborn. Arthroscopic partial and total meniscectomy: A long-term follow-up study with matched controls. Arthroscopy, 18 (2002), pp. 183–189.] 

One popular surgical option as an alternative to removing meniscal tissue is a repair of the damaged meniscus20. The benefits of using such a technique are evident; since you are not removing any meniscal tissue you are maximizing the amount of meniscus the that will remain in the patient’s knee. A detailed overview of indications and contraindications for this procedure can be found in Table 1. Different surgeons perform a surgical repair of a meniscus using a variety of different techniques[endnoteRef:21]. The greatest variance in the techniques is the direction, type, and number of the sutures used. A traditional vertical stitch, as the name suggests, entails making a loop vertically around the meniscus and then pulling the suture tight. In comparison, a traditional horizontal suture technique involves performing the loop horizontally through the meniscal tissue21. These methods are presented in figure 4. A number of different techniques and meniscal repair devices are also utilized, and the effectiveness of many of the popular ones has been thoroughly investigated in research literature[endnoteRef:22].    These different fixation methods each result in repairs of different strengths. A literature review by Farng et al investigated the current research on many of the most popular devices and techniques and compared them for initial fixation strength and performance under loading22. After compiling all the results of their literature search they concluded that while many of the new gadgets and devices used had successful results, the gold standard remains to be a vertical stitch technique22. Additionally, a comparison by Barber et al reported that while a single vertical stitch outperformed all other techniques, a double vertical stitch is a significantly stronger repair method[endnoteRef:23].  [21:  Asik M, Senner N. Failure strength of repair devices versus meniscus suturing techniques. Knee Surg Sports Traumatol, Arthrosc 2002;10:25-29.]  [22:  Farng, E.; Sherman, O. (2004). Meniscal repair devices: a clinical and biomechanical literature review. Arthroscopy: 20(3):273-286. ]  [23:  Barber FA and Herbert MA.  Meniscal repair devices.  Arthroscopy 2000;16(6):613-618.] 

A different surgical strategy is allograft implantation in which a meniscus is harvested from a cadaver and implanted into patient’s knee[endnoteRef:24]. 2 bone plugs are also taken from where the meniscus attaches and these bone plugs are then inserted into drilled holes in the patient’s bone. The appeal of this technique is that you are getting a whole meniscus with no defects in it, which theoretically, would provide the lowest possible contact pressures across the joint24. However, the drawback of attempting this procedure is that the dimensions of the femoral condyles of the cadaver must match the recipient almost perfectly in order for the allograft to fit correctly[endnoteRef:25].  This makes it extremely difficult to find a match and even a very close equivalent may not produce optimal results25. Kim et al compared both meniscal allografts and surgically repaired menisci to uninjured menisci in order to contrast contact pressures. They found that while the repaired menisci averaged contact pressures 21% greater than an uninjured menisci, the allografts averaged 34% greater contact pressures25.  Additionally, The allograft transplantation group also demonstrated the greatest variance in their results, which the authors attributed to the difficulty in finding knees with similar measurements25.  [24:  Verdonk, P., Verstraete, K., Almqvist, K., De Cuyper, K., Veys, E., Verbruggen, G., et al. (2006). Meniscal allograft transplantation: Long-term clinical results with radiological and magnetic resonance imaging correlations.. Knee Surgery, Sports Traumatology, Arthroscopy: Official Journal of the ESSKA, 14(8), 694-706.]  [25:  Kim, J., Lee, Y., Bae, T., Ha, J., Lee, D., Kim, Y., et al. (2012). Tibiofemoral contact mechanics following posterior root of medial meniscus tear, repair,meniscectomy, and allograft transplantation.. Knee Surgery, Sports Traumatology, Arthroscopy: Official Journal of the ESSKA, [Epub ahead of print].] 

Earlier in this paper, meniscal vascularity was discussed and it’s effect on the healing process. Meniscal tears to the vascular peripheral region of the meniscus tend to heal very well because of the great blood supply to this area. However, tears to the avascular central portion of menisci do not have this important blood supply and so have very little chance of healing, even after surgical repair. In order to combat this problem, surgeons can use a technique called trephination in which small holes are made every 4-5mm in the meniscus from the periphery to the central avascular region, in order to help carry blood to the area of the legion6. This technique has shown very favorable results over meniscal repair alone[endnoteRef:26],[endnoteRef:27]. Zhang et al performed a comparative study of the results when using the trephination technique versus repairs without trephination27. The results of this study showed a 350% greater rate of re-tear in the patients who were not treated with trephination, emphasizing the importance of this technique to allow blood flow to the injured area27. It is important to note that larger, unstable meniscal tears may not be appropriate to utilize this technique as the small holes produced to allow blood supply may cause further damage to the unstable structure[endnoteRef:28].  [26:  Zhang Z et al.  Repairs by trephination and suturing of longitudinal injuries in the avascular area of the meniscus in goats.  Am J Sports Med 1995;23(1):35-41.]  [27:  Zhang Z, Arnold J.  Trephination and suturing of avascular meniscal tears:  A clinical study of the trephination procedure.  Arthroscopy J of Arthrosc Rel Research 1996;12(6):726-731.]  [28:  Fox JM, Rintz KG, Ferkel RD. Trephination of incomplete meniscal tears. Arthroscopy. 1993; 9(4):451-455. ] 

For less severe meniscal injuries to the vascular peripheral region of the meniscus, conservative treatment should be considered as a rehabilitation option[endnoteRef:29]. This treatment should begin by decreasing weight bearing and avoiding extremes of the range of motion5 in order to avoid stress to the injured tissue secondary to the sliding of the femoral condyles, as was discussed previously. These precautions would decrease the amount of stress through the meniscus, providing a suitable environment for the tissue to heal. As pain decreases, it is recommended to increase the stability of the joint around the meniscus in order to minimize the pressure exerted onto the injured area. This can be done internally through strengthening of the surrounding muscles, and externally through the use of supportive bracing and activity modification. Other conservative factors that can help to reduce contact forces and pressures through the knee include the consideration of orthotics as needed to help attenuate ground reaction forces, as well as weight loss if appropriate for the individual patient5. Protecting the injured meniscus through these conservative means has been shown to be very successful in some situations. Multiple large studies have shown that for peripheral meniscal injuries, conservative treatment has shown equal outcomes to surgical intervention for healing as well as more subjective measures like the Knee Injury and Osteoarthritis Outcome Score (KOOS) and Tenger Activity Scale29,[endnoteRef:30]. When considering the ever-present risks involved in all surgical interventions, being able to achieve very similar results through conservative treatment can be a favorable option for many patients. However, it is important to remember that this may not be an option for all patients. Athletes and patient populations who are likely to perform higher-level physical activities will most likely require a surgical intervention as conservative treatments are unlikely to prepare the joint for such high-stress situations29. Nonetheless, it is a useful strategy for degenerative meniscal injuries in more sedentary populations where modifying activity and improving the joint stability can provide the protection needed for healing.  [29:  Herrlin S, Hållander M, Wange P, Weidenhielm L, Werner S. Arthroscopic or conservative treatment of degenerative medial meniscal tears: A prospective randomised trial. Knee Surgery, Sports Traumatology, Arthroscopy. 2007;15(4):393-401.]  [30:  Deutsch AL, Mink JH, Fox JM, Arnoczky SP, Rothman BJ, Stoller DW, Cannon WD Jr. Peripheral meniscal tears: MR findings after conservative treatment or arthroscopic repair. Radiology. 1990 Aug;176(2):485-8.] 

Following a surgical procedure to injured meniscal tissue, the goal of rehabilitation is to restore the patient’s function based on their individual needs[endnoteRef:31]. The pace and progression of the individual’s rehab process will be dependent on a number of different factors including the severity of the damage, the type of surgery performed, and the goals of the individual. Athletes with high expectations for function after rehab will be required to meet higher-level requirements before being released from therapy in order to minimize the likelihood of re-injury during activities that put high levels of stress through the meniscus[endnoteRef:32]. For all patients, progressions should be made carefully and slowly from low-load activities towards higher loads and it is important to remind patients that weakness in the injured area exists long after pain levels have diminished. As with all patients, constant assessment is required in order to monitor the patient’s response to treatment, and interventions should be altered accordingly32. While each patient’s program will be different based on their individual needs, the literature suggests that all programs include immediate knee motion, patellar mobilizations, and quadriceps strengthening exercises – with precautions being taken in high-loading activities, deep knee flexion, and full squatting over a minimum period of 4-6 months before releasing patients to athletic or high-level activities32.  [31:  Brindle T, Nyland J, Johnson DL. The meniscus: Review of basic principles with application to surgery and rehabilitation. J Athl Train. 2001;36(2):160-169.]  [32:  Noyes FR, Heckmann TP, Barber-Westin SD. Meniscus repair and transplantation: A comprehensive update. J Orthop Sports Phys Ther. 2012;42(3):274-290.] 

Meniscal injuries can occur in a variety of ways and for a number of different reasons. Each individual’s injury and goals are different and as such, treatment decisions must be made careful with consideration of all of the involved factors. Treatment options vary widely and it is important that all patients are aware that they have options and that they are involved in their treatment decisions. 
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