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INTRODUCTION

Knee joint disorders in man may always have existed. However, the first known description of thefi

removal loose bodies from the knee joint is from Ambroise Paré in 1558.1 He described the procedure 

as follows:  “to open for him a washy effusion, from which he suffff ered in his knee, in which I found a ffff

loose body (stone) with the size of an almond, pale white, solid and polished. He healed and is still 

living at the moment”. In a footnote Paré stated that “it is the fi rst known occasion that a loose bodyfi

developed in the knee and was extracted successfully through an incision”.

In the 18th and 19th century, several papers appeared about the origin of, what we call nowadays, 

osteochondritis dissecans (OCD). Barth presented an extensive survey about the appearance of loose

bodies in 1898.2 He mentioned in this study several authors in this field like Monroe (1726), Reimar fi

(1770), Haller (1776), Breschet (1812), Laënnec (1813), Broca (1854).3 Klein (1864)4, Paget (1870)5,

Gies (1882)6, Poncet (1882)7, Pouillet and Vaillard (1885)8, Kragelund (1886)9 and König (1887).10

That the surgery in those times wasn’t always as successful as Paré has described is illustrated by 

the paper of Klein. He mentions the death of a 37-years old male due to sepsis, six weeks after the

removal of a loose body from his knee. 

In the 20th century hundreds of papers about OCD followed. An extensive survey was published in

a thesis by Bots in 1983.11

THE ORIGIN

Several theories about the origin of the osteochondral corpusculae in the knee joint have been 

suggested throughout history, like direct and repetitive trauma, spontaneous appearance, 

developmental disorders, arthrosis or ossifi cation disturbances, vascular impairment and hereditary fi

causes.

Trauma theory

Barth devided the group of loose bodies into two subgroups: soft and hard particles. The soft loose

bodies were believed to originate from the synovia during an infection of the joint. He believed 

that the hard corpusculae developed either by arthritis or repetitive trauma. This last causality was 

previously mentioned by other authors as well, starting with Monroe (1726), followed by Reimar

(1770), Haller (1776), and Breschet (1812), all cited by Barth.2 Another contemporary author,

Kragelund9 thought that nutritional disturbences produced sequestration of the particle (1886) due 

to repetitive micotrauma. He noted that twelve out of thirty free bodies, found at autopsy, exhibited 

the structure of the normal joint surface at one side. 

König, in 1887, was the first author who named the clinical picture, in which small fragments of fi

bone, at one side covered with cartilage, originate from the femur condyle, OCD.10 He distinguished

repetitive microtraumata leading to subchondral necrosis from substantial local trauma and local
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contusion as causes of seqestration of free bodies in the joint. He believed that acute traction at 

the cruciate ligaments could develop into an avulsion fracture out of the condyle as well, but that

rarely an arthritis, due to tuberculosis or another bacterial infection could lead to sequestration

of a particle or arthrosis. However, he stated that the most important, but unexplained cause was

spontaneous osteochondral fragment sequestration.

This was opposed by Barth2 and even more by Kappis.12 They were convinced that trauma could be

the only inducement to the formation of the free bodies in the knee.

The trauma theory was experimentally tested several times. A cartilage fragment was found to 

resorb in most cases. Sometimes it accreted to the synovium,6,13 as did a cartilage-bone fragment 

in the  original defect as well as at the synovium.2,14,15,16,17 After an unstable accretion in its original

bed, a histological and radiological picture developed, surprisingly alike the appearance of a clinical 

OCD.18,19,20 Experimental recurrent microtraumata could also produce subchondral fractures in a

later stage,17,21,22,23 sometimes developing into an OCD-like defect.24,25

According to Kennedy,26 a direct trauma (exogenous) and a rotary compression force (endogenous) 

could produce osteochondral fractures like an OCD-like fragment as well. He created osteochondral 

fragments applying a direct rotary compression force at cadaver knees. However, he could produce 

only a few lesions and the osteochondral fracture pattern was widely variable.

Aichroth (20) stated, that, in case of an osteochondral fracture, instability could lead to a disturbed 

fracture healing and an OCD-like lesion could develop. 

Trillat27, however, pointed out, that a “fresh” osteochondral fracture with a bleeding surface is a

completely diff erent entity compared to an OCD with fiffff  brous tissue between the bony surfaces.fi

Several theories of an indirect trauma as an inducement appeared throughout time. The medial spine 

of the intercondylar eminence has been seen as the impacting pole into the medial condyle.28,28,30,31

Smillie32 noted a significant difffi erence between a higher medial spine of the intercondylar emineceffff

and the incidence of an OCD fragment of the medial femur condyle. However, this is contradicted by 

ot her authors.33,34,35,36 The patella is also mentioned as a cause for the origin of an OCD fragment,12,37

this, however, could not be confi rmed by experiments.fi 37 Baumgartl suggested that the medial ridge 

on a patella (type IV) could be responsible for the development of an OCD lesion.38 Finally, a torn 

meniscus could, according to several authors,39 40,41,42 be seen as a cause of OCD develpopment. As 

often in literature, contradicted by others.43,44 Exner witnessed the healing of an OCD fragment (a 

“fresh” osteochondral fracture, probably a total diff erently behaving entity, DBW) after removal of affff

torn, discoid meniscus fragment, jammed between the fragment and its bed.45

Spontaneous origin

Broca (according to Barth2), observed three cases of loose bodies, post mortem in the knee.  He 

found them by chance,without signs of infection. Laënnec (1813) and Courtot (1879), also cited by 

Barth,2 believed that cartilage fragments arose from the para-synovial tissue and questioned the

trauma theory.
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Paget5 stated in 1870, that the free corpusculae arose from a spontaneous ideopathic proces. König,  

in 1887,10  was searching for an explanation but had none. 

Arthrosis or arthritis

In France, Poncet7 and Pouillet and Vaillard8 supported the theory of arthrosis deformans as the

inducing factor leading to these loose bodies. This was also mentioned by Barth and König, as was 

tuberculous osteomyelitis and arthritis, in their view both a cause of sequester formation. 

Vascular impairment

In the following, 20th century, several other causes of sequestration of cartilage-bone fragments

in the knee appeared in the literature, like vascular impairment caused by small bacterial emboli

tuberculosis and emboli of clotted erythrocytes, as was stated by Axhausen13  and Watson Jones,46  or 

avascular bone necrosis leading to a pseudarthrosis-like fragment as Bots47 and others48,49 described.

Developmental disorders

The disturbance of ossification of the distal femur as another potential source of OCD was elaboratedfi

in the last six decades of the 20th century. During childhood, different ossififfff cation patterns of thefi

distal femur are discernable, from almost round to oval with a smooth surface from 0 to 5 years to 

square-pointed with irregularities starting at the age of fi ve years. These irregularities are found in fi

boys mostly until the 7th year, sometimes lasting until the 14th year. In girls, the occurrence is less

frequent and mostly between the 4th and the 7th year.50,51,52  The irregularities are more often medial 

at the medial side and lateral in the lateral compartment of the knee. Accessorial bone nuclei are

also found between 3 – 13 years of age with varying expression of this phenomenon. In boys, they

are most frequently encountered between the 3rd and the 6th year, fi nally disappearing around the fi

age of 10 years. In girls they can be observed mostly until the 9th year. Only exceptionally these bone 

nuclei are seen after this age.50,51,52,53,54,55,56

However, a relation with the occurrence of OCD is not convincingly proven up untill now.

Hereditary, constitutional causes or abnormalities in the endocrine status

Several authors described families in which multiple patients with OCD were found. However,

heredity as a potential factor for the development of OCD is not proven.32,42,57,58,59

In analogy, constitution was suggested to play a role in the development of OCD, though the 

literature throughout time reveals contradictions. Rahm postulated in 1934 that pycnicity could be a

factor.60  In 1941 Howald mentioned dystrophia adipositas genitalis or dwarfismfi 61 and Smillie stated 

in 1960, that patients with an OCD lesion were smaller or taller than the average person of their 

age.32  Aichroth, in contrast, suggested in 1971 that an athletical posture could contribute to the

origin of osteochondritis dissecans.20

Endrocrinic disorders were either excluded nor proven as a causality. Hypothreoidy was described in
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relation with OCD62,63 and an experiment is described in dogs, in which OCD-like defects developed 

during overloading their legs under treatment with a somatotropic and thyreoid hormone.64

Intra-articular injection of corticosteroids could induce the formation of an OCD fragment as well, 

as Milgram stated.65

A lipid metabolism disturbance was found by Zsernaviczky in five patients with an OCD lesion.fi 66

Reviewing the above mentioned causes, none of them is convincingly proven. Up until now, the 

only conclusion that can be made, is that the origin of OCD, almost for shure, is multifactorial. 

Osteochondrosis or osteochondritis dissecans

The term osteochondrosis dissecans has been used instead of Osteochondritis Dissecans in several 

papers and mostly in the German language, probably to differentiate between an infectious and affff

spontaneous origin but, after all, meaning the same disease.3,11,14,17,19,20,21,22,23

THERAPY

OCD should be regarded at as a pseudarthrosis,20,32,67,68,69,70,71 requiring optimal circumstances, like 

stable fixation under compression and revascularisation measures to promote healing.fi

However, for centuries, the first therapy was only removal of the fragment, leaving the defect in fi

the condyle untreated. Though favourable results were reported,72,73 opposing papers, however,

showed progressive deterioration of the clinical status of the knee of the patients.74–79

Evolution of the surgical procedures opened the way for more invasive, reconstructing, surgery.

Nowadays, reposition and fixation is generally accepted as being the therapy of choice, if the fi

particle is viable and not fragmented.20,32,69,80–98

Metallic devices, like pins81 and Kirschner wires82,83 have been used for this purpose.

Pins, regardless the material they are made of, do not apply compression between the fragment and 

the recipient bone.

Staples give compression, but can gradually protrude or break, requiring removal after all.84 Screws

produce compression as well.85,86,87,88,89,90 However, due to their larger minimal diameter, screws

induce more damage to the fragment than pins or staples. Moreover, at least two screws have to be

used to achieve rotational stability.

For several reasons most of the metallic devices have to be removed during second surgery after 

consolidation of the fragment. If left in place, erosion of the opposite cartilage surface occurs sooner 

or later.84,85,86,87,88 Although deeply imbedded, the implants can still gradually protrude through the

cartilage surface and have to be removed after all.84,91 They can also interfere with future imaging

like Computer Tomography (CT) or Magnetic Resonance Imaging (MRI) and radiation therapy.92,93

Some metals, such as chromium, nickel, gold, platinum and cobalt could, theoratically, evoke allergic

reactions like eczema or, if implanted in large amounts, anaphylactic reactions. Finally, chromium,
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nickel and cobalt are also potent carcinogens in animals.94

Biological or biodegrable devices lack most of the aforementioned disadvantages. 

Sticks or pins, made out of bone, harvested from the patient have been successfully applied.95,96

This procedure, however, increases the operation time and morbidity without additional advantage 

above biodegradable pins, and both osseous and biodegradable pins cannot produce the required 

compression.

Osteochondral plugs are employed as fi xation devices as well, However, donor site morbidity, the fi

absence of producing substantial compression and failure of the re-integration process at the

interface of donor and recipient cartilage make this procedure less than optimal.97,98

In the last four decades, three biodegradable polyesters of the alpha-hydroxy carboxylic acid group,

polydioxanon, polyglycolic acid and polylactic acid have been applied in humans. 

The mechanical properties of the diff erent biodegradable polymers diffffff  er widely, from a sheerffff

strength of 179 – 250 MPa for self-reinforced polyglycolide (PGA) rods, to 92 MPa for polydioxanone 

pins.99  This is one of the reasons that devices, made of polydioxanone and larger than pins or 

sutures, have only been applied experimentally.100,101

Homo- and co-polymer polymers of polylactic and polyglycolic acid and their blends were 

developed to achieve optimal characteristics in terms of mechanical properties and biodegradation. 

Nevertheless, tissue reactions like cavity formation or reactive synovitis have been described after 

the use of pins, screws or plates composed of several of these materials.102,103,104,105

The combination of one metallic screw (head diameter 3.5mm, cross-section suface 9.76mm2,

core diameter 2.7mm, cross-section surface 5.73mm2) and two smaller biodegradable pins with a 

diameter of 1.5mm, cross-section suface 1.77mm2) results in a compressive (the screw) and rotational 

stable (two pins) fixation, producing less damage than two screws and without the necessity of a fi

second, device removal, intervention.

In view of this concept, during a clinical study in OCD disease, the fragment was successfully fixed fi

in  patients with a centrally placed metallic screw, producing compression and  biodegradable pins, 

providing rotatory stability. However, the screw had to be removed before loading the operated 

knee.

There is no ideal treatment of OCD yet.

The Aims of this thesis were

1.  To analyse the present treatment possibilities of osteochondritis dissecans (OCD), using     

biodegradable fixation devices, making a second, implant removal, intervention unnecessaryfi

(chapter 2).

2.  To study the biological behaviour and the eff ectiveness of a compressive and rotary stableffff

fixation of a standardized osteochondral fragment with one screw and two pins (chapter 3).fi

3.  To evaluate the applicability of Meniscus Arrows® originally designed to mend ruptured 
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menisci, Smart Nails® as fi xation device in the perspective of the application as fifi xation devicesfi

in the treatment of osteochondritis dissecans and osteochondral fractures (chapter  4).

4.  To evaluate the clinical application of the Meniscus Arrows® as biodegradable devices for an

osteochondral fragment fixation in two patients with OCD of their femur condyle and in threefi

      patients with an osteochondral fracture after comparative pull-out tests with Smart Nails® 

(chapter 7).

bulging OCD

Examples of OCD or Osteochondral fractures:

partly detached OCD

            Osteochondral fracture, the origin and the fragment elsewhere in the knee joint
(see for color image: page 137)
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