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Although short-term follow-up after resection of the fragment and debridement of the defect in 

the treatment of osteochondritis dissecans (OCD) shows reasonable results,1,2 in the long run the

outcome deteriorates frequently, fi nally ending in arthrosis.fi 3,4,5,6,7,8

In general, OCD should be considered as a pseudarthrosis.9,10 Without measures to promote 

healing, the disease mostly proceeds with gradual and progressive demarcation of the dissecat in

the adolescent and young adult. If in the adolescent conservative measures fail, or in the adult, 

the therapy should be according to the general principles of the treatment of a pseudarthrosis, i.e. 

debridement of the fracture ends, removal of the fi brous scar tissue, revascularisation measuresfi

like drilling and/or curettage, autologeous cancellous bone transplantation and stable, compressive 

fixation of the fracture parts.fi

Stable, compressive, fixation can only be accomplished using implants like screws, staples or nail-fi

like devices with barbs. Fixation with smooth pins or wires does not give compression. 

Cyclic but inconstant, compressive- and shear forces occur in the knee, due to muscle contractions, 

fluctuations in weight bearing and moving of the joint. Compressive peak forces of three to fourfl

times body weight act on the knee joint.11,12

The contact surfaces of the motionless knee joint keep a reduced but not compressively fixed fi

fragment in place by the compressive force arising in the joint due to the ligaments- and muscle 

action and body weight, as long as contact between both joint surfaces persists. If the load is

varying during movements or unloading of the limb, dislocating micro movements can inhibit the 

consolidation of the fragment, leading to progression of the demarcation. This phenomenon plays 

also a role when non-compressing pins are applied as fixation devices, which is an explanation of fi

the variability of the results in the literature.13–16 So, fi xation with compressive and stable implantsfi

should be preferred.9,10,17-25

Shear forces are extremely low in a knee joint; friction coefficients range from 0,005 to 0,023.ffi 25,26

For an individual with a body weight of 80kg the maximum compressive load can be estimated as 

4 x 80=320 kg and the maximum shear force during the ground contact phase while walking 16 – 74

Newton.12,26,27  When unloaded, the forces are almost negligible.

Discrimination in the treatment should be made between adolescents and adults and, whether the 

fragment is attached or partially detached, or found in the knee as a loose body.28–36

Bots37 distinguished fi ve stages, implementing not only the stability of the fragment, but also the fi

state of the cartilage. This state showed to be of high importance for the final outcome of the fi

treatment in his series and was not always in accordance with the stability of the fragment.37

(Table 1)
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Table 1 State of the osteochondral fragment (according to Bots [37])

stage fragment stability cartilage

1a stable intact cartilage

1b stable fi ssure at the margins of the fragmentfi

2a mobile, but attached fraying at the edges and mild degenerative changes

2b loose body still vital with minimal degenerative changes

3 loose body or fragmented seriously damaged 

Adolescents with an attached, but symptomatic lesion (stage 1a, 1b).

In adolescents the healing is less compromised, compared to the adult form of OCD. During a long

time spontaneous healing was believed to be the natural course of the disease and the treatment

was conservative in case of an attached, but symptomatic lesion. This treatment evolved from

immobilisation in a plaster of Paris for several months and reduction of weight bearing to only 

limitation of activities for a restricted time period of three to six months.28–31 However, failures of 

this regimen became evident in time with failure rates from 10% to 50% and, although spontaneous 

healing did occur, the outcome is unpredictable.30,32–35

Arthroscopic drilling was recommended if the symptoms did not disappear within this period of 

unloading or restriction of activities. Several papers report favourable results of this procedure in

adolescents, but not in adults, with success rates between 80% and 100%.10,32–36

However, regarding the OCD as a pseudarthrosis, drilling is only one of the revascularisation 

measures of the treatment. Drilling and additionally temporary fixation of the fragment withfi

biodegradable rods is a next step in the concept of optimal treatment.13,15,16 Using compressive

biodegradable devices, at most neutralizing the disrupting forces, would be a supplemental adjunct 

in the healing process, without the harm of a second hardware-removal intervention. If the devices 

are inserted during an arthroscopic procedure, the harm to the patient is further more minimized. 

Adolescents with a partly or fully detached lesion and adults

In this group of patients, the disease has reached a next stadium, i.e. stage 2a or 2b, 3.

I f the dissecat is fragmented or the cartilage surface is seriously damaged (stage 3), reinsertion 

procedures are useless. After fragment removal, cartilage resurfacing surgery should be performed.

Shaving and debridement or drilling alone can lead to early arthrosis1–8 and research is being

conducted to develop procedures to restore the defect with hyaline cartilage containing collagen 

type 2.

In sequence of development, perichondrium transplantations,38 autologeous osteochondral 

cylindral transplantations (mosaic plasty),39,40 micro fracture chondroplasty,41 Autologeous 

Chondrocyte Implantations under a periost flap (ACI)fl 42 and Matrix Induced Autologeous 

Chondroc yte Implantations (MACI),43–45 have been introduced as cartilage re-surfacing surgery.
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Several of the previously mentioned procedures have already been abandoned. The short term 

results of the micro fracture procedure and MACI procedures seem to be the most promising with

a comparable  outcome during a follow-up period of 2 years, but a tendency is emerging, that the

MACI performs better over time.43–46

If the sequester is intact and viable (stage 2a - 2b), reinsertion should be performed after debridement

of the dissecat bed. An autologeous spongeous bone transplantation is optional in adolescents but 

obligatory in adults.10,17,20–25

Bone pegs or cartilage-bone cylinders47,48 have been used as non metallic fixation devices over the fi

last fi ve decades. Metallic devices like pins or K-wires,fi 10,19,20,49 staples50 or screws9,14,17,18,21–25 in all kind 

of designs, have been applied as well. For several reasons, most metallic devices have to be removed 

by means of a second procedure. Left in place, they cause damage to the opposite cartilage surface 

of the tibia17,18,21,22 or break.50 Even when initially imbedded under the cartilage surface they can 

gradually protrude, causing cartilage damage after all.50,51 Another potential disadvantage is the

development of allergic reactions evoked by chromium, nickel and cobalt containing components, 

being also potent carcinogens in animals.52

This stimulated the research for biodegradable devices that, once inserted, do not have to be 

removed after consolidation of the fragment.

Three biodegradable polymers; polydioxanon, polyglycolic acid and polylactic acid and their co-

polymers, combinations or blends, are used for this purpose. However, both synovitis and sterile 

inflammatory sinus formation is reported when using devices, made of polyglycolic acid and fl

polylactic acid.53-55,56

Although favourable results with only biodegradable pins as fixation devices in the stage 2a – 2bfi

have been reported13,15,16 and also in combination with tissue glue,57 stable fi xation with compressionfi

screws contributes to better consolidation of the reinserted fragment, especially in adults, because 

it neutralizes both shear forces and disrupting forces. This is in contrast with smooth pins, which do 

not have the capacity to produce compression.9,10,17-25

However, the diameter of smallest metallic cannulated screw is 2.4mm at the moment, each screw

causing a defect in the fragment of 4.5mm2. At least two screws are necessary to obtain also rotational 

stability. Two screws would cause a bone loss of the fragment of almost 10mm2. A compromise is 

one  centrally placed metallic screw, which has to be removed arthroscopically before loading the 

leg. This applies compression. The combination with some biodegradable pins, 1.5mm in diameter, 

(surface = 1.77mm2) provides rotational stability.

The removal of metallic pins, used instead of biodegradable ones as part of the procedure, is only

possible at the cost of considerable cartilage damage.

The diff erent treatment modalities are in the patient series, described inffff chapter 2.58

In seven knees of six patients, the fragment was fixed with pins. Five times (71%) an undisturbed fi
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consolidation occurred (all type 1b). One time (patient #1, fi rst knee, type 2a) redislocation was fi

followed by perichondrium transplantation, resulting in twelve complaints-free years. The other 

patient (#3, type 2b) showed no consolidation on the radiographs at eight weeks postoperatively. 

During second surgery debridement of the dissecat bed, autologeous cancellous bone 

transplantation and a compressive fi xation with two screws was performed. Consolidation of the fi

fragment followed.

The fragment, type 2a, of patient #7, was primarily fixed with two screws. Because of a persistentfi

non union, successful perichondrium transplantation, after fragment removal, was performed. The 

fragments in patients #5 and #9 (both type 2a) were fixed with one screw and three biodegradable fi

pins after debridement and spongeous bone transplantation. The screw was successively removed

during an arthroscopic procedure in day surgery after radiological verified consolidation of thefi

fragment and stability at arthroscopy, eight weeks after the first surgery. The patients recoveredfi

uneventfully.

Regarding these results and supported by the data from the available literature, the conclusion 

was made, that at least the type 2a and 2b and, preferably, type 1a and type 1b, should be fixed fi

under compression. An in vivo experiment was started to eliminate the necessity of the second, 

implant removal operation, using not only biodegradable pins but screws as well. A standardized

fragment was created and fi xed in goat knees with one screw (diameter, Ø, 2.7mm) and two pins (Ø fi

1.5mm) of respectively two commercially available biodegradable polymers, 18PGA/82PLLA (PGA/

PLA) and 4D/96LPLA(PLA96) and compared to the fi xation with screws and pins of surgical steel. Afi

sham operation served as a control. The results, described in chapter 3,59 show, that all fragments 

consolidated, but that the screws of PGA/PLA, starting at 12 weeks post operatively, caused a

significant number of osteolytic defects in the condyles, in contrast to those of PLA96. However, thefi

screws of PLA96 induced considerable damage to the opposite cartilage surface, due to their slow

degradation. This is also confi rmed by observations, published in several articles.fi 60,61,62,63 No foreign

body reaction however, was found around the PLA96  pins and screws during a follow-up period of 

fifty-two weeks.fi

Meniscus Arrows® (MAs, ConMed Linvatec Ltd Tampere, Finland), were designed several years ago

and are already in clinical use for mending ruptures in the vascularised part of the meniscus. They

consist of 20DL/80LPLA and have a considerable smaller Ø (1.1mm) than the any commercially 

available biodegradable screw or nail.

This diff erence in Ø plays a more dominant role, when increasing numbers of devices are inserted ffff

and the fragments are small. The hole in the fragment caused by one MA measures 0.95mm2;  one

Smart Nail® (SN), (ConMed Linvatec Ltd Tampere, Finland) 1.77mm2. Biodegradable screws, which 

are nowadays available should not be used (chapter 3). One 2.4mm metallic cannulated screw, the 

smallest available at this moment, creates a hole of 4.52mm2. The more devices are used, necessary 
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for stable and compressive fixation of the fragment, the more bone loss, caused by the implants, willfi

occur in the fragment,.

The MAs showed to have a considerable anchorage capacity in bone during pull-out tests, described 

in chapter 4.64 During the pull-out tests and shear force tests average values of 122- and 121Newton 

were noted. This exceeds by far the shear forces in the human knee during one step with full weight 

bearing. The repetitive character of the forces during walking is not included in this study. However,

the measured values outnumbers the values of the shear forces even more during unloaded

movements.

Water uptake during the hydrolisation process is the most important factor, and in a lesser

extent enzymatic influence, leading to degradation.fl 65,66,67 This water uptake induces swelling or 

expansion  of the polymers67,68,69 and increase of weight. This weight increase is mostly equated with

swelling.70,71,72,73,74 In fact, only a few authors really did measure the increase of the dimensions in 

some way and term this swelling.67,75,76  

If this swelling or expansion is substantial, the initial fixation of solid devices, composed of fi

biodegradable polymers, in bone could be enhanced. This would increase the holding properties. 

During an in vitro experiment, described in chapter 5, the increase of the weight of six MAs after

twenty-eight days of immersion in a sterile isotonic saline solution was compared with the change in

dimensions, measured under a fi eld-emission scanning electron microscope. Although the weight fi

increased significantly with more than 9% (within the fifi rst two hours, remaining stable afterwards),fi

the core diameter of the devices increased gradually with only 1%.

This will have no consequences for the holding properties and, secondly, this experiment shows, 

that the increase of weight is not equivalent with swelling or distension.

During this experiment we encountered an unexpected decrease of the barb-barb diameter of 

more than 8% due to inward curling.77 This decrease in barb-barb distance in time could have 

consequences for the anchorage capacities. 

A following experiment showed (chapter 6), however, that the average pull-out force, required

to extract six new MAs out of a thawed, previously fresh frozen human femur condyle, did not 

diff er signififfff cantly if the MAs were previously degraded during thirty-one days in a sterile, isotonic, fi

buff ered saline solution at 37º Celsius.ffff 78 Therefore, it was concluded, that the phenomenon of 

inward curling of the barbs would not interfere with the holding properties of the MAs.

In chapter 7 the clinical application of MAs is reported in fi ve patients.fi 79

In two skeletally mature patients with an OCD, once a type 1b, the other with a type 2a, the fragments 

were fixed with respectively three and fifi ve MAs.fi

In three other patients with osteochondral fractures of their femoral condyle the type 2b fragments

were fi xed within two weeks after the trauma with respectively two times 2 MA’s and one time withfi
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five MAs. The choice of the number of MAs depended on the size of the fragment.fi

Postoperatively, a plaster of Paris splint was applied for two weeks, followed by a hinged brace for ff

three weeks. During this period no weight bearing was allowed.

All fragments consolidated and the clinical course was uneventful, with a follow-up period ranging

between two and nine years with an average of fi ve years.fi

Trillat stated that the causality of an OCD fragment, that is covered with fibrous tissue, compared fi

with osteochondral fractures with bleeding surfaces at the bony side of the fragment, is different.ffff 80

The initial therapy of an OCD, as stated earlier, should more extensive than the therapy of an

osteochondral fracture, i.e. only reposition and fi xation. However, the way of fifi xation of an OCDfi

fragment as well as osteochondral fractures can be the same.79, 81

In the series, described by Weckström et al.82 consolidation was noted in 53% of the patients, when 

pins were used as fixation devices and in 73% of the patients with a SN as fifi xation device. Thisfi

diff erence was signififfff  cant. All patients were skeletally mature men.fi

In another recent paper by Dines81 consolidation occurred in 7 out of 9 (78%) patients (eight OCD’s 

and one osteochondral fracture) treated with SNs as fi xation devices. The average number of SNs fi

was four, ranging between two and ten nails.

In the series presented in chapter 7, all fi ve fragments consolidated and the maximum number of fi

implants was five, corresponding with 3.95mmfi 2 in a fragment of 750mm2  which is negligible.

Five SNs would have caused a loss of bone of more than twice this surface (8.85mm2). The smaller

the size of the fragment, the more important these differences will be.ffff

The composition of MAs and SNs is the same; both are manufactured from the same self reinforced 

DL- polylactide copolymer. MAs are more frequent available in hospitals than SNs for already

established indications, which is an additional advantage.

In all four patients with detached fragments in the series described in chapter 7, fibrin glue wasfi

applied prior to reduction and fixation of the fragment. In analogy with the reports of several authors, fi

the beneficial use of glue in case of interruption of the cartilage surface was demonstrated.fi 57,83–85

During the fi rst two weeks postoperatively, the process of re-integration was protected by applyingfi

a plaster of Paris splint, followed by a hinged brace and no weight bearing for three weeks, to 

facilitate the consolidation of the fragment and to allow the healing of the cartilage. 

The margins of the fragments in the knees of the three patients at second look arthroscopy were 

smoothly and in congruency with the surrounding cartilage, as showed in chapter 7. 
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