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Abstract

Articular cartilage defects are common and play a signi�cant 
role in degenerative joint disease. Cartilage is unable to 
regenerate, secondary to an inherent lack of vascular supply, 
thus, various techniques have been described in an attempt 
to treat and potentially restore these defects. Treatment 
decisions should be based on appropriate evaluation and 
classi�cation of the pathology. Only then can the surgeon 
choose to perform a repair or a restoration of the articular 
surface. Current literature and techniques for the treatment 
of articular cartilage defects are reviewed, with an algorithm 
developed for the management of articular cartilage defects 
by orthopaedic surgeons.

Articular injuries associated with trauma or overuse 
have plagued those af�icted and been problematic 
to treat for over 200 years. William Hunter, a Scot-

tish physician, in his paper to the Royal Society, in 1743, is 
quoted as saying, �From Hippocrates to the present age, it is 
universally allowed that ulcerated cartilage is a troublesome 
thing and that, once destroyed, is not repaired.�1

	 The management of these highly prevalent injuries 

continues to be challenging for orthopaedic surgeons. 
Without intervention, articular cartilage lesions have little 
or no healing potential with normal hyaline cartilage. In 
a retrospective review of over 31,000 knee arthroscopies, 
in all age groups, chondral lesions were found in 63% of 
patients, with an average of 2.7 lesions per knee.2 Another 
study of 993 consecutive knee arthroscopies found articular 
cartilage pathology in 66% of patients.3 Moreover, 11% of 
these knees had localized, full-thickness articular cartilage 
lesions.

Basic Science
Understanding the cellular organization of cartilage explains 
the lack of healing potential of this tissue. The basic struc-
tural components of articular cartilage include chondrocytes, 
collagen, proteoglycans, noncollagenous proteins, and water. 
Their distribution varies within four separate histologic 
zones: the super�cial, middle, deep, and calci�ed. The su-
per�cial layer, or lamina splendens, is thin, noncellular, and 
porous. Fibers are arranged in parallel to the joint surface. 
In the middle zone, collagen �brils have a larger diameter, 
with a higher concentration of proteoglycans and lower water 
and collagen concentrations. In the deep zone, the diameter 
of the �bers and concentration of proteoglycans increases. 
The �bers are oriented perpendicular to the joint surface, 
resist compressive loads, and pass through the tide mark into 
the calci�ed zone. This microanatomy produces superior 
loading and minimal friction characteristics of cartilage. 
Cartilage is avascular, which therefore limits spontaneous 
regeneration. Therefore, injuries that do not penetrate into 
the subchondral bone have little chance of regeneration 
without intervention.

Patient Evaluation
The �rst step in the evaluation of the patient is a careful his-
tory, detailing the mechanism of injury, onset, and character-
istics of symptoms as well as prior treatments. Patients with 
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discrete focal articular lesions can present with a variety of 
complaints. Commonly, there is a history of an acute injury, 
with a sudden onset of symptoms. Patients often describe 
a locking of the knee, associated with a joint effusion, and 
commonly present symptoms consistent with a loose body. 
Other scenarios by which the patient may present include 
patellar dislocations, direct trauma, and twisting injuries. 
Though some patients may have an insidious onset of symp-
toms, one must distinguish the patient with a focal articular 
defect from one with degenerative arthritis, as these are two 
separate entities that are not treated in the same manner.
	 The physical exam should attempt to elucidate coexisting 
abnormalities, including ligamentous stability of the knee, 
patellofemoral tracking, and mechanical alignment of the 
extremity. If any comorbidities are identi�ed, correction of 
these conditions should be included in the operative plan, 
as it becomes integral to a successful outcome.
	 Radiographic examination should begin with weightbear-
ing anteroposterior, lateral, patellar, and �exion posteroan-
terior views. Though previous studies have indicated that 
arthroscopy is far more accurate than MRI,4 more recent 
studies have shown a greater than 95% accuracy of MRI 
with new sequences in detecting lesions.5 With this latest 
evidence, MRI has emerged as a highly effective noninvasive 
method for detecting articular cartilage lesions.

Classi�cation of Cartilage Defects
Due to the increase in the use of arthroscopy in the 1960s, 
orthopaedists gained a better understanding of articular 
cartilage degeneration and were able to begin classifying 
lesions. Outerbridge originally classi�ed these defects, in the 
1960s, based on their gross appearance during arthrotomies.6 
Other classi�cation systems exist that are more comprehen-
sive and take into account factors such as size and location 
of lesions; however, the Outerbridge classi�cation is still 
the most widely accepted. In grade I lesions, the articular 
cartilage is swollen and soft and may be blistered. Grade II 
lesions are characterized by �brillation, �ssures, and clefts 
less than 1.5 cm in diameter. Grade III lesions are charac-
terized by deep �ssures extending down to the subchondral 
bone. Finally, Grade IV lesions are differentiated by exposed 
subchondral bone. 

Natural History
The natural history of articular cartilage defects is mostly 
unknown and remains controversial. Shelbourne and col-
leagues studied chondral defects noted incidentally during 
arthroscopic articular cartilage lesion (ACL) reconstruc-
tions.7 After an average of eight years, knees with cartilage 
defects did not show any radiographic evidence of progres-
sion to arthritis. However, patients did have lower subjective 
functional scores than the control group, though no objective 
functional loss was noted. What can be extrapolated from 
this study is not clear, since these were all asymptomatic 
patients. Linden reported a long-term follow-up study on 
osteochondritis dissecans (OCD) lesions of the knee that 

went untreated.8 At a mean of 33 years, two out of 23 (9%) 
patients, who were children at the time of initial diagnosis, 
had only mild osteoarthritis. In contrast, 81% of patients 
with adult-onset lesions had signs of osteoarthritis at last 
follow-up. Therefore, it seems that surgical measures should 
only be considered in adult symptomatic patients that fail 
nonoperative measures. 

Nonoperative Treatment
Nonoperative treatment of ACL includes nonsteroidal anti-
in�ammatory drugs (NSAIDs), viscosupplementation, brac-
ing, weight loss, and rehabilitation. These treatments may 
provide symptomatic relief and have the potential to alleviate 
some symptoms. However, there has been no evidence, to 
date, that any of these techniques provide structural improve-
ment of the lesions. 

Arthroscopic Lavage and Debridement
If nonoperative treatment fails, there are various techniques 
available for surgical intervention. The �rst of these tech-
niques to be applied was arthroscopic debridement, which 
was initially popularized by Magnusson 6 decades ago.9 The 
debridement should include resection of all unstable carti-
lage back to a stable rim, with abrasion of exposed calci�ed 
cartilage. The goal of debridement is to remove loose �aps 
of cartilage that mechanically impinge on the joint and cause 
in�ammation. Hubbard performed a prospective study on 
debridement in 76 knees.10 Grade III and IV lesions were 
randomized to receive either debridement or arthroscopic 
lavage. The debridement group showed signi�cant pain 
relief at 1 year, with 80% being pain free, as compared to 
20% in the lavage group. However, these results signi�cantly 
deteriorated at 5 years, indicating a poor long-term bene�t of 
debridement alone in treating articular cartilage injuries.

Cartilage Reconstruction
Cartilage reconstruction procedures can be broadly catego-
rized into reparative and restorative procedures. Reparative 
surgical techniques reconstruct the defect in a manner that 
does not necessarily restore the cartilage architecture, but 
may still alleviate symptoms. In contrast, restorative surgical 
techniques attempt complete reconstruction of the cartilage 
microarchitecture. 

Reparative or Marrow Stimulating 
Techniques
Reparative or marrow stimulating techniques include drill-
ing of the defect, abrasion arthroplasty, and microfracture 
techniques. All of these procedures rely upon the penetra-
tion of the subchondral bone and exposing the underlying 
vascular, cancellous bone. This technique allows for the 
release of blood and mesenchymal cells, which leads to the 
formation of reparative tissue.
	 In 1959, Pirdie �rst described the drilling of areas of 
denuded articular cartilage to stimulate the reparative 
process.11 However, rabbit models demonstrated that these 



53Bulletin of the NYU Hospital for Joint Diseases 2007;65(1):51-60

repairs deteriorated early after a one-year period.12 In the 
1980s, Johnson introduced abrasion arthroplasty, where a 
motorized burr was used arthroscopically to remove 1 mm 
to 3 mm of bone.13 However, the investigators questioned 
the traumatic nature of removing so much subchondral bone. 
In fact, a retrospective study by Bert and Maschka showed 
33% of patients had postoperative functional outcomes that 
resulted in worse function than preoperatively.14 Steadman 
and associates then introduced the technique of microfrac-
ture, in 1997, based on the same principles as drilling and 
abrasion, but without the bone removal or risk of thermal 
necrosis.15 

Microfracture
Microfracture involves a systematic removal of all covering 
calci�ed cartilage with a curette. All loose or marginally at-
tached cartilage should be debrided back to a stable rim to 
form a perpendicular edge. These perpendicular edges form 
a �well shouldered� lesion, providing a pool that, in turn, 
helps hold the marrow clot and decrease shear forces across 
the lesion. Starting at the periphery and working towards the 
center of the defect, angled awls are then used to perforate 
the subchondral bone, making holes 3 mm to 4 mm apart. 
The arthroscopic �uid pump pressure is reduced and direct 
observation of the release of marrow droplets and blood into 
the defect is performed (Fig. 1). Steadman and coworkers 
advocate that the postoperative rehabilitation protocol should 
include toe-touch weightbearing (TTWB) for 6 to 8 weeks, 
with continuous passive motion (CPM) begun immediately 
postoperatively until full passive range of motion (PROM) 
of the knee is achieved.16

	 Steadman and colleagues, recently, published an aver-
age 11-year follow-up of a select group of microfracture 
patients.16 Seventy-two traumatic articular injuries of the 
knee were prospectively followed in patients under 4 years 
of age, with no concurrent injuries. At 7 years postoperative, 
80% of patients rated themselves as improved compared to 
preoperative status. They also noted that age was a prog-
nostic indicator, with patients less than 35 years old having 
higher success rates than older cohorts. However, this study 
reported no histologic results and the average size of the 
lesions was relatively small (2.7 cm2). 
	 Repair tissue after microfracture has been described as 
a mixture of hyaline and �brocartilage. In a recent study, 
microfracture patients were taken back to the operating room 

at 2 years postoperatively for biopsies of the lesions.17 Only 
11% of lesions had a large amount of hyaline cartilage, but 
69% of lesions contained predominantly �brocartilage. This 
repair tissue has more poor quality stiffness and inferior 
wear characteristics than does hyaline cartilage; however, 
the investigators maintained that this tissue remodels over 
time and becomes more stable.16

	 Critics of microfracture point out that the success reported 
by Steadman and associates may, in part, be attributed to the 
rigid postoperative rehabilitation protocol. In contrast, some 
surgeons perform microfracture without the follow-up use 
of CPM, and patients are made weightbearing as tolerated 
(WBAT) after surgery. This raises the question as to whether 
the same success can be achieved. Marder and coworkers 
recently reported a retrospective review of 50 patients who 
underwent microfracture.18 Patients were grouped into those 
who were made TTWB for 6 weeks with the use of CPM 
and those who achieved WBAT with no CPM use. The 
study failed to show a signi�cant difference in functional 
outcome scores at 2 years. The investigators stated that a 
well shouldered lesion would protect the repair tissue dur-
ing weightbearing and, therefore, did not advocate CPM or 
weightbearing restrictions on these patients.

Restorative Techniques
The goal of restorative surgical technique is the restoration 
of the biomechanical and physiologic functions of cartilage 
by the complete reconstruction of its microarchitecture. 
These techniques include osteochondral autograft transfer, 
autologous chondrocyte implantation, and osteochondral 
allograft transplantation.

Osteochondral Autograft Transfer
Osteochondral autograft transfer (OATS) was �rst reported 
by Outerbridge and colleagues in 1995.19 OATS involves the 
transfer of osteochondral plugs from relatively non-weight-
bearing regions of the knee to restore damaged articular car-
tilage. This technique, however, is limited by the amount of 
donor tissue available. Although there are reports of treating 
large lesions with this technique, the ideal lesion is between 
1 cm2 and 4 cm2. Additionally, lesions deeper than 10 mm 
are not amenable to OATS alone, since plugs may not be 
long enough for adequate �xation.
	 OATS can be performed in open surgery through a small 
arthrotomy or arthroscopically. However, some lesions are 

Figure 1 Microfracture technique.
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