








4 Models of Marrow Stimulation for Cartilage Repair

Figure 2 Fast-spin echo magnetic resonance image (MRI) of a
microfracture-treated defect on the lateral trochlear ridge of the
femur, 12 months after surgery. Subchondral bone sclerosis (white
arrows) and protrusion of the subchondral plate into the cartilage
defect (black arrow) are evident.

Most animal studies evaluate repair with histology and not
with radiographs or MRI making assessment of subchondral
bone sclerosis difficult and subjective. Sclerosis of the sub-
chondral bone has been postulated as an initiating event in
the development of osteoarthritis.3'~33 It should be restated
that the animal model studies are limited to 1 year duration
so the long-term presence or consequences of this subchon-
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Figure 3 Histologic appearance of a microfracture-treated defect on
the medial femoral condyle, 12 months after surgery. The fibrocarti-
lage is well adhered to the surrounding normal cartilage tissue and to
the underlying, protruding new subchondral bone.
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dral bone sclerosis on the microfracture repair tissue or
clinical outcome of the patient is not evident.

Microfracture by definition is fracturing of the subchon-
dral bone, and the results of subchondral bone sclerosis or
central osteophyte formation might be anticipated knowing
the natural course of healing following microfracture of
cancellous subchondral bone. Trabecular microfractures of
the femoral head, spine, patella, acetabulum have been stud-
ied since the 1960s.34 These naturally occurring microfrac-
tures heal with woven bone microcallous. It is reasonable to
presume that penetration of the subchondral plate with a
microfracture awl to gain access to bone marrow elements
stimulates a similar bone repair response. What circumstan-
ces lead to an overexuberant reaction with resultant central
osteophyte formation is not clear. Bone repair/regeneration is
complex and is influenced by many factors including age,
mechanical and cellular environment, bone mineral content,
and genetics.>*3° There are also differences in the response of
cells to mechanical loading and this too might influence if
cells in the superclot differentiate down osteogenic or chon-
drogenic lineages.3‘3'36 The ability of progenitor cells to
differentiate into osteogenic or chondrogenic cells lines
should be remembered and investigated simultaneously
when developing technologies for augmentation of
microfracture.

Subchondral Cystic Formation

In animal models when using the medial femoral condyle as
the treatment site, violation of the subchondral bone plate
can result in formation of subchondral bone cysts.>’° In
preparation of a cartilage bed for microfracture, inexperi-
enced surgeons with overexuberant debridement of the
calcified cartilage layer to include removal of the subchondral
bed can lead to subchondral cyst formation.>® Precise atten-
tion to the technical aspects of microfracture and the use of
skeletally mature animals where the tidemark is formed and
the calcified cartilage layer is visibly different that the over-
lying normal cartilage and underlying subchondral bone may
be associated with reduced cyst formation. Radiolucent “cyst-
like” areas in the medial femoral condyle have been observed
following microfracture, but there was no evidence of a cyst
on histologic analysis.?? Although MRI was not performed,
the authors were of the opinion that the radiolucency rep-
resented bone edema.

Microfracture Compared with Microdrilling

In a rabbit study comparing microdrilling to microfracture at
a depth of 2 mm, microcomputed tomography imaging per-
formed 1 day postoperatively indicated that microfracture
leads to more compaction of bone in the holes than did
microdrilling.** The authors concluded that this impaction
of bone might impede the ability of bone marrow to reach the
articular defect and thereby might negatively affect repair.
Bleeding in only one of four microfracture holes was observed
intraoperatively, but all defects were filled with a blood clot.
The lack of bleeding from the microfracture holes has not
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been reported nor is it consistent with the clinical experi-
ences of the authors in humans or horses. Thus, it is likely a
flaw of the rabbit as an animal model or more likely as the
authors suggested the type of homemade microfracture awl
specifically created for the study which had a collar to limit
the depth of penetration to 2 mm. The collar likely restricted
movement of bone from the microfracture holes, creating
impaction fractures in the subchondral bone. However, im-
paction of subchondral bone surrounding the microfracture
hole is seen using standard arthroscopic microfracture awls
without a collar (~Fig. 4). Microdrilling might be as effective
as microfracture, but obviously requires more surgical in-

Figure 4 Microcomputed tomography of normal equine lateral
trochlear ridge subjected to microfracture. (A) Axial view of a micro-
fracture hole demonstrating impaction of surrounding subchondral
bone. (B) Sagittal view of a microfracture hole demonstrating impac
tion of surrounding subchondral bone. Minimum intensity projection
of Micro-CT data acquired with 4 um®®x-y-z voxel size.
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strumentation such as a drill compared with a hand-held awl
to generate a superclot.

In summary, basic science and animal model studies
indicate that microfracture results in improved repair tissue
that continues to mature and becomes more cartilaginous for
at least 1 year after surgery. The superclot clearly remodels,
but does remains quite inferior or normal articular cartilage
in matrix molecule composition and therefore biomechanical
function. Numerous studies have been performed to augment
microfracture even though we don't fully understand the
fundamental biology of microfracture and therefore how to
improve upon current results. A potential detriment to the
use of microfracture is the formation of central/intralesional
osteophytes, which are unpredictable and have been associ-
ated with persistent or recurrent pain in human studies.
Microfracture remains a commonly performed and investi-
gated cartilage repair procedure because it is easy to do,
requires minimal equipment, and clinical results in human
patients are encouraging.
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