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Abstract

     Joint function losses that occur as a result of injury, healing and scarring of the cartilage 
tissue are varied. In this study, the contralateral joints of rabbits with complete cartilage loss 
were defined as the control group. Self-healing of similar cartilage losses and popular surgical 
methods were compared, and the results were examined histopathologically. As a result, it was 
determined that while autogenous full-thickness osteochondral cartilage transfer resulted in 
the best cartilage healing, the healed cartilage tissue without any intervention was superior to 
methods such as drilling and carbon fiber. We concluded that cartilage tissue must be “no men 
land” if lower than full thickness cartilage lesions. Cartilage must be protected any surgical im-
pact instead of main mechanical articular problems must be focused
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Introduction

     Cartilage tissue is metabolically an active tissue. It does not have self-repair capability except su-
perficial losses. As cartilage cells do not have regeneration ability, losses can be closed up to 1 mm 
through cellular migration and matrix production. No cellular migration occurs if injury does not 
reach subchondral tissue in superficial losses. In full-thickness injuries, we observe that fibrin and 
mesenchymal cells play a role in remodelling after haemorrhage. In this case, repair tissue is a scar 
tissue in the form of fibrocartilage.

     Hyaline cartilage provides a regular and smooth surface in addition to providing viscosity of carti-
lage, which is one of its basic functions. Fibrocartilage functions like filler as a scar tissue and paves 
teh way for inflammatory response with PDGF, TGF-β mediators secreted from mesenchymal cells, 
which play an important role in the physiopathology of arthritis.

     Closure of a cartilage defect can be in the form of excessive scar tissue, which may constitute a me-
chanical barrier. Similarly, osteophyte formations are the hard osseous healing tissue of mesenchymal 
cells featuring as stem sells that are involved in the formation of fibrocartilage tissue. Therefore, in 
addition to acute inflammatory response, late complications will occur in the form of healing tissue 
that constitutes a mechanical obstacle and impairs viscosity. Similar mechanical problems may occur 
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if the tissue forming after cartilage transfer performed considering the advantages of hyaline cartilage healing is not aligned with sur-
face. Hyaline cartilage implanted with an appropriate technique enables the defect to start superficial healing and allows remodelling.

     Carbon fibre filler which is another method used to close cartilage defect aims at stimulating the formation of matrix with a smooth 
surface while preventing excessive development of fibrocartilage tissue.

     Viscosuplementation not only creates a mechanical effect in closing superficial defects but also ensures migration of chondral cells 
and accelerates new cartilage formation.

     In histological examination, degenerative changes were marked in cartilage cells in forage group especially around forage, (Figure-1 
and 2) while loosely localized cartilage cells were observed to form in the regeneration region, which were similar to fibrous cartilage 
(Figure-1).

Figure 1: Foraj site.

Figure 2: Degerative Cartilage cells (arrowed).

     The histological examination of the group where Carbon Fibre was used revealed that single fibrous cartilage or those in isogeneic 
groups were formed between the extracellular matrix (ECM) (Figure-3 and 4). The magnified image of the same group demonstrated 
fibrous cartilage cells in isolation or in groups (Figure-4).
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Figure 3: General wiev of the matrix of carbon fiber region.

Figure 4: Carbon fiber Matrix Microscopy.

     The histological examination of the regions where autogenous osteochondral graft was placed showed that cartilage cells were high-
ly marked within the lacunas between the thick and irregularly distributed collagen fibres within the scar tissue (Figure-5). Cartilage 
cells are more prominent towards the edge of the defect area and formed isogeneic groups.

Figure 5: Settled Cartilage Cells groups in the Matrix (Ko).
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     Collagen fibres were observed to be distributed irregularly within the cartilage matrix (Figure-6).

Figure 6a: Collagen Organisation of the Autogen graft region.

Figure 6b: Hyalen Cartilage formation oin autogen region.

     In other words, cartilage tissue was hyalene cartilage tissue with these features.

     In the group where the defect was formed and spontaneous healing was expected, healing tissue was observed to lose its normal 
structure and degenerated cartilage cells were formed (Figure-7). In magnified image, degenerated and intact cartilage cells were 
observed (Figure-8). 

Figure 7: Spontaneous Healing tissue.
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Figure 8: Degenerated Cartilage Cells.

Material and Method

     16 New Zealand rabbits were used. The subjects were divided into four groups, and both knees of the groups were included in the 
study (Table: 1). All rabbits were fed under the same conditions and with the same type of feed. None of the rabbits developed tissue 
infection and extremity fixation was not performed.

Group of Subjects Right Knee Left Knee
1. Drilling of Full Layer Cartilage Defect Full Layer Cartilage Defect
2. Carbon fiber on Full Layer Cartilage Defect Full Layer Cartilage Defect
3. Autogenous Full Layer Mosaicplasty on Full Layer Cartilage Defect Full Layer Cartilage Defect
4. Viscosuplement (Orthovisc) on Full Layer Cartilage Defect Full Layer Cartilage Defect

Table 1: The Experimental Setup.

     Following the cleaning of the incision site under IV anaesthesia with Dormicum (Midazolam5mg/ml), anteromedial parapatellar 
incision was performed in a sterile setting. Patella was brought to the lateral position and femur condyles were exposed. Then full 
thickness cartilage defect was created in the medial femoral condyle in the same region and size using spinal needle nr. 17 in the right 
and left knees. Forage was performed on the defect area in the right knees using 1 mm drill in the first group. The defect was filled 
with carbon fibre in the second group. In the third group, ostechondral cylindrical grafts harvested with spinal needle retractor from 
the lateral side of femoral condyle were placed in the defect area with press-fit method after preparing the place with a drill. In the 
last group, 0.2 cc orthovisc (sodium hyaluronate 15mg/ml) was injected into the knees. All knees were closed with the due procedure, 
stitches were removed ten days later and there was no wound problem. 

     Twenty four weeks later, the knees were opened and tissue samples were collected. Under macroscopic examination, tissues with 
rough surfaces similar to fibrocartilage that went beyond the cartilage surface were observed to be formed in the defect groups. In the 
defect area, osteophyte-like cornifications were observed. The new tissue that was formed in the forage area passed over the cartilage 
surface but formed a more regular surface. In the group receiving carbon fibre, cartilage surface was not passed over with the regen-
eration tissue but the defect area was uneven. Severe synovial reaction was observed. 

     In the autogenous osteochondral graft area, cartilage with smooth surface that did not pass over the cartilage surface was observed 
to be formed. It was difficult to find the defect area in some of the knees. Regeneration was observed in the donor sites. The regenera-
tion tissue appeared to be similar to solid cartilage.
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     The histological examination of the group where a defect was created and spontaneous healing was expected after Orthovisc injec-
tion showed that the connective tissue fibers (col) and extracellular matrix (ECM) within the scar tissue looked similar to the cartilage 
tissue (Figure- 9, 10, 11). The irregualr cartilage cell groups in the healing tissue were matured cartilage cells and formed isogeneic 
groups (Figure-11).

Figure 9: Collagen organisation in matrix (col).

Figure 10: Cartilage Cell signed by Arrow.

Figure 11: Cartilage Cells Groups and Extracellular 
Matrix formations.
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Discussion

     In our study, we did not find any advantage of forage for spontaneous healing as it formed regeneration tissue passing over the car-
tilage tissue under macroscopic view and it was similar to spontaneous healing tissue under histological examination.

     The goal of the treatment of traumatic and degenerative focal cartilage losses is to relieve pain and create a viscous joint surface. 
Hunt et al. does not recommend forage and mechanical debridement for focal cartilage losses that do not constitute a mechanical 
obstacle. Arthroscopic debridement is similar with clinical outcomes of full thickness cartilage lesions and treatment outcomes of 
spontaneous healing and placebo groups. Cain et al. did not recommend microfracture technique like forage as it does not form hya-
line cartilage. Cartilage debridement leads to regenearation with fibrocartilage in full thickness lesions and will result in degenerative 
arthritis in the long-term.

     Carbon fibre functions as a connective tissue that enhances the formation of matrix in the cartilage tissue. Its chondroprotective 
effect was demonstrated in our study with the migration of cartilage cells. The defect area where carbon filler was injected did not pass 
over the cartilage surface and allowed for a relatively viscous surface that did not create a mechanical obstacle. Foreign body reaction 
was reported in the literature by some authors such as Mortier et al. whereas Allcock et al. and Brittberg et al. reported successful 
outcomes. Like in the experimental study performed by Yonsei et al. with rabbits, it may allow hyaline cartilage in cartilage losses that 
do not reach the osteochondral region. In our study, regeneration in the form of fibrocartilage was detected as it was injected to the 
area of full-thickness focal cartilage loss.

    In the treatment of full-thickness and focal cartilage defects, osteochondral cartilage transfer forms hyaline cartilage and results in 
viscous joint with a scar tissue that does not go beyond cartilage surface. Cain et al. recommended it as the ideal treatment in their 
treatment algorithm for focal cartilage losses except kissing lesions. Atik et al. developed the AMOT (Autogenous Multiple Osteochon-
dral graft Transfer) technique that resulted in hyaline cartilage by using press-fit osteochondral grafts in the treatment of focal full 
thickness lesions. Attmanspacher et al. also treated cartilage defects with a similar technique and published successful results. Makino 
et al. examined the regeneration in the implanted tissue histologically and suggested that scar tissue with a regular surface under 
macroscope was different from histologically intact tissue, which required mechanical examination. Sanders measured the thickness 
of the cartilage scar tissue that was formed and tried to assess long-term mechanical difference. In his study, cartilage thickness was 
preserved by more than 50% of the normal value in 15 of 21 cases. In the same study, they found that there was no adequate fusion in 
the graft area in the first two weeks but osseous connection was found in 4-6 weeks. In an experimental study conducted by Duchow et 
al. on graft stability, they found a marked mechanical difference when the press-fit graft was 10 to 15mm long. That study highlighted 
the importance of a large contact surface in the defect area for stability in addition to the preparation of the graft. Graft must contain 
adequate osseous component and be implanted at an appropriate depth with press technique. Shorter length will decrease stability.

     Although the result of Orthovisc may look like spontaneous healing scar under macroscope, the presence of cartilage cell migration 
in histological examination may explain the success of the clinical outcomes. Adams et al. found that orthovisc was advantageous as an 
effective treatment of a healthy synovial tiussue. Brandt et al. reported a marked healing in their clinical series compared to placebo.

Conclusion

     Treatment of focal cartilage losses, either traumatic or degenerative, should relieve pain and increase functional capacity by creating 
a viscous joint surface.

     Osteochondral autogenous cartilage transfer technique is more advantageous that other treatment options if performed properly as 
it forms hyaline scar tissue that does not pass over joint surface and increases viscosity. When the disadvantages associated with donor 
site are eliminated through new materials to be developed via tissue engineering, cartilage transfer will be considered as the first op-
tion to treat focal cartilage losses. Orthovisc provides viscosupplementation in case of generalized cartilage losses and also increases 
cartilage repair in superficial cartilage lesions. In addition to this effect, it may also have chondroprotective effect.
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