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Abstract 

Chondral delamination is the separation or debonding of the articular cartilage from the underlying subchondral 
bone. The hyaline cartilage has a limited capacity for healing, meaning it does not possess the innate ability to restore 
its normal structure or to heal the subchondral bone once detached from it. The purpose of this article is to report 
the outcomes of a microfracture technique used to manage chondral delamination in a 59-year-old male; we also 
reviewed the treatment options mentioned in the literature. The patient was admitted to the Department of Ortho-
pedic Surgery complaining of recurrent severe right knee pain with multiple episodes of knee locking, denying 
any direct or twisting trauma to the knee. The plain X-ray showed mild degenerative changes with articular surface 
irregularity. On Magnetic resonance imaging, wide chondral delamination was noted in the medial femoral condyle. 
After 12 months’ post-op, his condition improved. No locking was observed. Pain improved in comparison to the 
pre-operative levels. The international knee documentation committee improved from 26.4% to 52.9%. In a follow-up 
magnetic resonance imaging, the adhesion of most parts of the delaminated cartilage.
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Introduction
Hyaline cartilage is the cornerstone in the anatomy of 
almost all joints in the body, especially synovial ones. It 
is an avascular, aneural, and alymphatic tissue that plays 
a major role in their movement. Chondral delamination 
(CD) is the separation or debonding of the articular car-
tilage from the underlying subchondral bone at the tide-
mark forming an unstable cartilage flap that is at risk for 
complete detachment from the adjacent cartilage, caus-
ing full-thickness defects and intra-articular loose bod-
ies [1–5]. Structurally, Hyaline cartilage is composed of 
chondrocytes, an extracellular matrix of water, type II 
collagen, and proteoglycans. The interplay between the 

solid and fluid components gives the cartilage its biphasic 
and viscoelastic properties that are crucial not only for 
its shock-absorbing ability but also to provide an almost 
frictionless articulation [4]. The structure of an articular 
hyaline cartilage can be said to contain two large zones, 
a calcified and a non-calcified zone. The non-calcified 
zone may be further subdivided into the superficial zone, 
in which collagen fibers are arranged parallel to the sur-
face and offer good resistance to shear force. Transitional 
zone, in which collagen fibers run obliquely, and deep 
zone, where collagen fibers are oriented perpendicularly 
to the surface, thus resistant to compression. The calci-
fied zone of cartilage contains cartilage fibers, anchored 
by hydroxyapatite crystals, to the subchondral bone. The 
junction between the calcified and noncalcified zone is 
the tidemark [4, 6]. The hyaline cartilage has a limited 
capacity for healing meaning it does not possess the 
innate ability to restore its normal structure or to heal the 
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subchondral bone once detached from it, so its preserva-
tion is paramount for joint health and mobility [4, 7–9]. 
Delamination may occur with or without degenerative 
changes. It usually occurs in adults in their 3rd and 4th 
decade. Adolescents do not develop this lesion, because 
the tidemark is not well-developed until approximately 
the age of 20. Alternatively, osteochondral fractures can 
occur [10]. Clinical experiences have demonstrated the 
frequency of chondral lesions in athletes [11]. Although 
acetabular CD can be found in many joints, it is a fre-
quent finding in hip arthroscopy [12]. Eugeno Jannelli 
et  al. described the histological changes in the delami-
nated area(s). They noted the presence of hypocellularity 
associated with fragmentation and fissuring of the matrix 
with no bone involvement. These changes extend to reach 
the subchondral bone but do not involve the articular 
surface. The matrix showed a considerable architectural 
disorder with diffuse eosinophils and myxoid degenera-
tion foci. The collagen fibrous layer appears inverted in 
structure and orientation. Chondrocytes presented in a 
nonhomogeneous distribution and were relatively more 
numerous in the deepest chondral layer. We also occa-
sionally observed superficial microfoci with a slight 
increase in cellularity. Delamination can occur in all three 
compartments of the knee, especially on the femoral side 
[3]. The delamination line runs parallel to the joint sur-
face. During arthroscopy, if there is no disruption of the 
cartilage surface it appears as what is known as the “car-
pet phenomenon”; which means the cartilage layer can 
move relative to the underlying bone plate, similar to a 
carpet on a slippery floor. Although the cartilage may 
stay intact, it loses its function as an anchor, which leads 
to higher odds of further damage either by the spread of 
the delamination or the invasion of the articular surface 
with the subsequent formation of chondral flaps [11]. 
However, if the cartilage is disrupted, the detached carti-
lage flap then becomes visible. Thus, it will be possible to 
introduce a probe between the deboned cartilage and the 
subchondral bone [1, 3, 5].

Background and purpose
Chondral delamination is the separation “deboning” of 
the articular cartilage from the subchondral bone that 
lies underneath. The hyaline cartilage has little ability to 
heal, and it does not possess the innate ability to restore 
its normal structure or to heal the subchondral bone once 
detached from it. The purpose of this report was to show 
the early results of chondral delamination treatment in a 
59-year-old man using the microfracture technique and 
to a review the treatment modalities in managing these 
lesions from the literature.

Case presentation
A 59-year-old male was admitted to the Department of 
Orthopedic Surgery complaining of recurrent extreme 
right knee pain after prolonged standing and multiple 
episodes of knee locking with extreme limitation of its 
movement, a tender medial knee, and a mild degree 
of genu varum and mild effusion. A medical history 
of diabetes mellitus, hypertension, and hypercholes-
terolemia was recorded, but no history of direct or 
twisting trauma to the knee was observed. The patient 
was not sportive but used to climb stairs quickly with 
165  cm in height and 75  kg in weight, resulting in a 
BMI of 27.5. On clinical examination, the right knee 
range of motion (ROM) was 0\0\100° with clear crepi-
tus during motion. The IKDC (International Knee 
Documentation Committee) was 26.4%. The plain 
X-ray showed only mild degenerative changes that fit 
under grade 1 which in turn is the possible narrow-
ing of the joint space with the probable formation of 
osteophyte according to Kellgren-Lawrence Classifica-
tion of Osteoarthritis Fig.  1A, B. Magnetic resonance 
imaging (MRI) showed wide chondral delamination in 
the medial femoral condyle Fig. 2A–D. During arthros-
copy, obvious synovitis was noted, and a large ruptured 
chondral flap was seen (measuring about 2 × 3 cm) car-
pet signs or wave phenomenon was obviously noted 
with exposure of the subchondral bone through the 
ruptured flap Fig.  3A–F. Because of the advanced age 
of the patient, the subchondral bone irregularity, and 

Fig. 1 A, B: Pre-operation plain X-ray shows mild degenerative 
changes
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the beginning of arthritic changes in the knee, the 
Microfracture technique (the simplest and cheapest 
technique), were applied using a drill-bit and a wire of 
1.2  mm to perforate the subchondral bone. Curettage 
of the calcific layer by an arthroscopic curette was also 
used. No debridement was done to the flap. In the post-
operative period, the rehabilitation protocol consisted 
of a non-weight bearing period of 45 days without limi-
tation of motion, followed by a progressive restoration 
of the range of motion of the knee and muscle strength-
ening by closed chain exercises. Full weight bearing and 
independent motion were restored 3  months after the 
operation. The goal was to try to adhere this flap to the 
subchondral bone by creating a bleeding surface to slow 
the progression of degenerative arthritis that already 
has begun, and to relieve the mechanical derangement 
caused by the mobile flap. During the postoperative 
period, the non-weight bearing was continued until 
6  weeks, with a gradual return to activity. Analgesics 
and glucosamine supplements were used as well. After 
12 months’ post-operation, the general complaint of the 
knee has improved. No locking was observed. The pain 
improved from 7\10 in pre-operation to 3\10 in post-
operation (considering 0 = no pain, and 10 = intolerable 
pain) in comparison to the pre-operative levels. The 
IKDC became 52.9%. The patient satisfaction was very 

good. A follow-up MRI showed the adhesion of most 
parts of the delaminated cartilage Fig. 4A–D. Although 
knee degeneration did not improve, the general activ-
ity of the knee remarkably improved, and the general 
symptoms were ameliorated. The reason for this ame-
lioration was potentially the preservation of the carti-
lage of good thickness and the stability of most parts of 
the chondral flap.

Discussion and conclusion
CD is a lesion that may jeopardize the future of the 
joint if misdiagnosed. Cartilage lesions were classified 
by many authors and societies. The most used classifi-
cation is (Outbridge 1961) [1]. Many other classifica-
tions were proposed such as the ones proposed by F.R. 
Noyes et  al [2] and ICRS [3] but chondral delamina-
tion was clearly included in Konan et al.’s classification 
(where grade 0 represented normal articular cartilage 
lesions, grade 1 represents softening or a wave sign, 
grade 2 cleavage lesion, grade 3 delamination and grade 
4 bone exposure) [4]. The cause of cartilage delamina-
tion is believed to occur through different mechanisms: 
large shear force concentrated at the junction of the 
cartilage and the calcified layer disrupting the deep car-
tilage ultrastructure. This force can produce damage to 
the cartilage above the tidemark and to the subchon-
dral bone [3, 10, 11]. Less frequently, the direct blow 
can be presented as a possible cause [10]. Additionally, 
abrasive wear or friction may result in fibrillation and 
subsequently delamination [11]. Although mechani-
cal trauma is associated with some types of chondral 
injury. Many patients with CD are unable to relate any 
history of trauma, attributing all such injuries to acute 
causes is an oversimplification. Yet unknown struc-
tural and biomechanical changes may still significantly 
contribute to the production of chondral delamination 
[10]. One example of these mechanisms is Synovial 
plicae that may cause injuries to the underlying carti-
lage through a combination of compression, friction, 
and shear forces. Furthermore, the increasing young’s 
modulus of the stiff medial parapatellar plica is associ-
ated with greater contact pressures on the underlying 
cartilage [6]. Another example is unstable knees (as in 
ACL deficient knees) that are more prone to initiate 
the delamination which may progress to cause locking 
of the chondral flap [11]. The complaint of patients is 
usually aching or sharp pain during and after activity. 
This pain may be diffused or localized. The size and the 
location of the lesion strongly affect the type of symp-
toms and may affect surgical treatment options [2, 10]. 
For example, patellofemoral flaps cause anterior knee 
pain without instability, while posterior condylar flaps 

Fig. 2 A–D: A PDW-aTSE sequence sagittal image showing the 
delaminated flap with subchondral bone sclerosis and irregularity. 
B PDW-SPIR sequence coronal image showing the delaminated flap 
with subchondral bone sclerosis and irregularity and medial condyle 
edema
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cause instability, sometimes they may resemble a torn 
discoid lateral meniscus or even medial meniscus tear 
[6]. Swelling and effusion related to the activity are 
also well mentioned. Joint line tenderness is present, 
crepitus, thigh atrophy, decreased ROM and Mechani-
cal symptoms such as locking and catching and giv-
ing way are also frequent [6, 11]. Early diagnosis of 
delamination appears to be challenging and important 
because cartilage detachment is irreversible and has 
an important effect on the treatment plan [1]. Diagno-
sis depends firstly on clinical suspicions like the pres-
ence of discomfort during or after physical activity 

associated with effusion and swelling. Sometimes, an 
accurate diagnosis may be challenging, because it may 
resemble other pathologies such as meniscal lesions [6]. 
Plain x-rays are usually normal. The MRI study is fun-
damental in the evaluation, and mandatory to confirm 
the diagnosis and to aid preoperative planning [3]. In 
general, its sensitivity for the detection of articular car-
tilage injury is significantly lower than that for meniscal 
injury [6]. Articular cartilage has intermediate to high 
signal intensity on both T1 and T2 weighted images 
[4, 10]. Bodelle et al. showed that in the patellofemoral 
joint, the STIR-sequence is significantly superior to the 

Fig. 3 A–F: A Diffused synovitis was seen during the arthroscopy. B Carpet phenomenon. C Ruptured cartilage flap. D The passage of the 
arthroscopic hook between the flap and the subchondral bone. E Using a drill bit and a wire of 1.2 mm multiple passages have been done. F The 
final appearance of the holes above the cartilage flap
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MEDIC-sequence regarding the depiction of chondral 
lesions [13]. Delamination may require fluid beneath 
the disrupted cartilage to be evident on the MRI scan 
[11]. Although MRI helps detect the site and the size 
of the lesion, it is sometimes difficult to diagnose these 
lesions because of several factors: lack of awareness of 
the diagnosis on the part of the radiologists, inappro-
priate MRI techniques, or inherent limitations of MRI 
to detect this lesion [3]. The negative MRI scan does 
not rule out delamination lesions [10, 11]. The clinician 
must rely not only on MRI scan evaluation but also on 
the complete clinical picture [10]. Arthroscopy remains 
the best method to confirm chondral injury diagnosis 
[10]. It should be performed to confirm the diagnosis 
with visualization and application of the probe to the 
articular surfaces, to exclude confounding pathology, 
and to perform a chondroplasty if appropriate [3, 4]. 
First-line treatment is usually conservative, using anal-
gesics and non-steroidal anti-inflammatory drugs with 
low-intensity low impact endurance exercises such as 
cycling and swimming [10]. Surgical treatment options 
vary according to the site, size, and status of the car-
tilage continuity. The treatment varies widely from 
simple debridement of the delaminated flaps to stable 
margins, and\or removal of loose bodies that improves 

mechanical symptoms and prevents irritation of the 
synovium due to small fragments of cartilage being 
released. Combined with debridement of the calcified 
cartilage to bleeding bone by curettes or rotary shaver 
[10]. Another option, if the cartilage surface is intact, 
is to fix the area of delamination with bioabsorbable 
pins. This may be done arthroscopically or via a small 
arthrotomy, depending on the location of the lesion. If 
lesion size allows, the additional passage of a fine drill 
through the affected articular surface affected into the 
related subchondral bone, simulates lesion healing [4]. 
Some authors recommend the use of fibrin adhesive as 
a biological substance that has hemostatic and adhesive 
properties. This fibrin permits tissue fixation and stimu-
lates the growth of fibroblasts [14]. Kaya et al. reported 
excellent early clinical results for arthroscopic repair of 
carpet delamination using fibrin glue augmented with 
bridging suture technique to repair acetabular carti-
lage carpet delamination [12]. Microfracture is a well-
described and extensively studied the technique in 
which penetration of subchondral bone and subsequent 
release of the underlying marrow elements lead to the 
formation of reparative cartilage [1, 7, 8, 11, 14]. It is 
a commonly performed procedure for defects smaller 
than 2 cm [12] because, in the case of a large defect, the 
fibrocartilage patch becomes more unstable and more 
liable to detach because of clot retraction [8]. Although 
fibrocartilage tissue is inferior to hyaline cartilage and 
degenerates with time, it can provide some benefit to 
the patient. However, it does not retard the progression 
to OA [4, 10]. Other options are autologous chondro-
cytes implantation, debridement and the use of a peri-
osteal flap to cover the defect, and mosaicplasty [4, 10]. 
Osteochondral allografts (OCAs) are another reliable 
technique for the treatment of large chondral or osteo-
chondral defects. The use of matched OCAs eliminates 
donor site morbidity, provides immediate structural 
restoration of the articular surface and allows for the 
treatment of large lesions [15]. Treatment results and 
options depend on the location; the size and the age 
of the patient [1], (Table 1). In this case, curettage and 
subchondral bone drilling improved the symptoms to 
an acceptable level and resulted in a satisfied patient. 
In conclusion, unrecognized and/or untreated chondral 
delamination injuries have a poor prognosis. Treatment 
of these lesions, even if they are large, will help improve 
symptoms and joint mobility. The simplest and most 
cost-effective method we used seems to be very effec-
tive with satisfactory mid-term outcomes. Future stud-
ies are needed to further evaluate the microfracture 
technique in managing chondral delamination.

Fig. 4 A–D: A, B T2 sequence sagittal image showing the adherence 
of the delaminated flap in most parts (MRI center did not provide 
sagittal images in PDW sequence). C, D PDW sequence coronal 
image showing the irregular subchondral bone and the adherence 
of the many parts of the delaminated flap with loss of some chondral 
parts
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