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Key Point: 

 The menisci are vital structures for optimal stifle joint function.  Repair, replacement, and 
regenerative strategies for treating meniscal deficiency are intriguing for use in veterinary 
surgery, however, the indications for these treatments are currently very limited. 
 

Successful treatment of meniscal pathology is a significant problem faced by small animal 
surgeons.  Maintaining meniscal size, geometry, and composition is vital in ensuring meniscal 
function and preserving the long-term health of the stifle. When meniscal pathology mandates 
removal of significant amounts of meniscal tissue such that function is compromised, techniques 
for replacement or regeneration of functional meniscal tissue are desirable.   
 
Meniscal Repair 

Direct repair of meniscal tears with suture or other tissue fixation devices is technically 
feasible in dogs.  In people, meniscal repair is indicated when the tear is accessible and 
repairable (not macerated, too complex, or of poor surrounding tissue quality), the tear is in the 
vascular portion of the meniscus or vascular access can be obtained, the tear is in young patients, 
and/or the tear is repaired in conjunction with an anterior cruciate ligament reconstruction.  
These repairs are often augmented by trephination, microfracture, platelet rich plasma or blood 
clot.  We have developed and received FDA approval for a device (BioDuct, Schwartz 
Biomedical, Ft. Wayne, IN) that augments cell and vessel migration to the site of an avascular 
meniscal tear.  Unfortunately, this device is not likely to be applicable to clinical cases of 
meniscal tears in dogs.  In veterinary surgery, we are often limited by access to the tear for 
repair, appropriately-sized instrumentation, the inability to restore stifle kinematics, and/or 
adequate compliance for postoperative care to recommend surgical repair for meniscal tears in 
dogs.  

Meniscal Allografts 
The basic science and clinical aspects of meniscal allografts have been extensively and 

elegantly described in the human literature.  The critical issues regarding meniscal allografts 
include graft procurement and processing, graft biology, indications for meniscal allografts, graft 
sizing, surgical technique, and prognosis.  Stringent donor screening and selection are critical to 
ensuring procurement of allograft tissues that will not serve as potential avenues for disease 
transmission.  A recommended protocol has been developed by the American Association of 
Tissue Banks.  Risk of disease transmission for musculoskeletal allografts procured after proper 
screening is approximately 1 in 8 million, whereas the risk without proper screening may be as 
high as 1 in 161.  Graft processing may include debridement, washing, ethanol denaturation, and 
freezing.  Allografts may be preserved fresh, fresh-frozen, cryopreserved, or lyophilized.  Due to 
the rapidity with which fresh grafts must be used, and the adverse effects of lyophilization on 
graft tissues, fresh-frozen and cryopreserved meniscal allografts are most commonly used.  
While cryopreserved allografts maintain higher viability of donor cells, experimental studies and 
clinical impressions suggest that there are no significant differences in overall outcome between 
cryopreserved and fresh-frozen presevervation techniques.  Once implanted, meniscal allografts 
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heal to the joint capsule, allowing revascularization and cellular repopulation from the host’s 
synovial tissues. 

Transplantation of frozen meniscal allografts (MAT) has been used clinically to replace 
damaged and degenerated menisci for years with a 70-90% reported success rate.  However, 
graft extrusion and shrinkage, degeneration of the anterior and posterior horns, and failure of 
fixation are common complications.  These issues may be associated to at least some degree with 
the use of a non-viable tissue and/or a lack of anatomical placement and fixation of the graft to 
the tibia. Therefore, use of a viable MAT that allows for anatomical placement of the graft on the 
tibial plateau could significantly reduce complications and improve long-term success of the 
procedure. Another factor affecting the clinical applicability of MAT is the state of the 
underlying tibial cartilage of the patient.  Replacing the meniscus does not address cartilage 
pathology of the tibial plateau, which is a common and limiting component in most patients 
being evaluated as candidates for meniscal allograft transplantation.  Therefore, if a MAT system 
could be developed that not only addressed the repair of the meniscus, but also the underlying 
tibial articular cartilage, there is potential for a significant increase in the number of patients that 
MAT could be considered for clinically. Therefore, we developed a method and technique for 
using viable meniscal-tibial plateau osteochondral allografts (M-T OCAs) and designed a study 
to 1) Determine if the viability and structural properties of the M-T OCAs can be maintained 
over a clinical relevant period of time when stored at 25°C, and 2) Determine the feasibility for 
medial tibial plateau and meniscus replacement in research dogs using fresh M-T OCAs. 

Graft creation and assessment of viability were first determined by aseptically harvesting the 
entire tibial plateau (TP) from the hind limbs of 58 dogs euthanatized for reasons unrelated to 
this study.  This initial research provided evidence for our ability to maintain cell viability, tissue 
composition and material properties at appropriate levels through 56 days of storage at room 
temperature using our preservation system. Based on the success of the in vitro study, in vivo 
implantation of MTPAs was undertaken with IACUC approval.  MTPAs from the right knee of 
two purpose-bred research dogs were aseptically harvested and stored for 30 days using our 
tissue preservation system.  After disease testing and assessment for viability during storage, the 
grafts were implanted into the knees of two size-matched purpose-bred research dogs.  Using a 
medial mini-arthrotomy, the medial meniscus and medial tibial condyle were resected en bloc 
from each dog with preservation of the medial collateral ligament, cranial and caudal cruciate 
ligaments.  The MTPA was then inserted and stabilized to the proximal tibia using divergent 
Kirschner wires. The dogs were recovered and allowed to use the limbs in their runs immediately 
after surgery.  The dogs were assessed at weeks 5, 8, and 12 after surgery using measures of knee 
function, second look arthroscopy and radiographs.  Three months after implantation, the dogs 
were humanely euthanatized and assessed grossly and histologically for evidence of graft 
location and stability, graft incorporation, tissue architecture, and articular cartilage health. 

Surgical implantation of the MTPAs was accomplished in dogs without intraoperative or 
postoperative complications.  Dogs ambulated on the operated limbs immediately after surgery 
and were using the limbs with no apparent lameness and normal knee range of motion (105o and 
107o) 3 months after surgery.  Five and twelve weeks after implantation, arthroscopic assessment 
revealed maintenance of meniscal positioning with evidence for synovial attachment to the 
periphery of the transplanted meniscus in both dogs.  Femoral and tibial articular cartilage in the 
medial compartment showed no evidence of softening, fibrillation, or erosions.  All other intra-
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articular tissues were normal in appearance with no evidence for untoward immune or 
inflammatory responses.  Radiographic assessments at 8 and 12 weeks after surgery showed mild 
joint effusion and evidence for progressive healing of donor to recipient bone with maintenance 
of graft and implant positioning.  Gross and histologic assessments at the time of sacrifice were 
consistent with all clinical findings.  Meniscal positioning was maintained such that subluxation 
or extrusion was not noted.  All articular surfaces were normal in appearance with no evidence of 
pathology.  Evidence for bone union between donor bone and recipient bone was noted.   

These data provide initial evidence for the feasibility of performing complete replacement of the 
medial tibial plateau and meniscus using viable meniscal-osteochondral grafts stored using our 
preservation system for at least 30 days.  Clinical, arthroscopic, radiographic, gross and 
histologic assessments all provided evidence for graft integration and healing, maintenance of 
function, and lack of associated morbidity.  Based on this research, we have used this technique 
to successfully treat a limited number of clinical canine patients with severe meniscal 
deficiencies.  

Tissue Engineering for Meniscal Replacement and Regeneration 
Two tissue-engineered scaffolds for meniscal replacement have been tested in animal 

studies, primarily dogs, and assessed in human clinical trials in the US: the Collagen Meniscus 
Implant (CMI) (ReGen Biologics, Redwood City, California, USA) and ReMenisc (DePuy 
Orthobiologics, Raynham, MA, USA).  Despite largely successful outcomes in the clinical trials, 
neither of these is currently in use in the US.  

Current strategies are focused in four major areas:  1) biologically active scaffolds, 2) 
cell-based therapy, 3) cell-scaffold combinations, and 4) gene therapy.  While each of these hold 
promise for improving meniscal treatment strategies, none are currently in clinical use to the 
author’s knowledge.  

 
Disclosure:  The author holds multiple patents related to this presentation.  
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