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13.1  Introduction

Adult articular cartilage is avascular resulting in 
limited transport of inflammatory mediators and 
cells to the injured site; thus, cartilage damaged 
by trauma or degeneration has no intrinsic capac-
ity to heal itself [1, 2]. Chondral injury, a frequent 
cause of pain and knee function limitation, poses 
a serious problem for orthopedic surgeons. The 
associated pain and physical disability can restrict 
an individual’s ability to perform activities of 
daily living, which, in athletes, can even have 
career-ending consequences. Further, in the 
young population, cartilage lesions predispose to 
the development of precocious osteoarthritis.

Cartilage repair surgery is a highly dynamic 
research field. Over the past two decades, there 
have been several exciting, sophisticated surgical 

repair procedures for the treatment of focal trau-
matic or degenerative cartilage lesions, which in 
turn has created the need for an accurate, nonin-
vasive assessment of the repair tissue. With its 
excellent soft tissue contrast and precise morpho-
logical evaluation of articular cartilage and repair 
tissue, magnetic resonance imaging (MRI) is the 
method of choice as a noninvasive and objective 
outcome measure [3–13].

Within the past decade, evolution of MRI 
technology has significantly improved the image 
quality. The cartilage-specific pulse sequences 
have enhanced the ability of qualitative (morpho-
logical) and quantitative (biochemical/func-
tional) assessment of cartilage injury and repair. 
Higher magnetic field strengths have substan-
tially increased the signal-to-noise ratio, spatial 
resolution, and speed of image acquisition; how-
ever, limitations to the increased field strength 
include greater amount of noise, imaging contrast 
issues, and safety concerns.

A. B. Chhabra, MBBS, MD (*) 
Department of Radiology and Orthopedic Surgery, 
University of Texas Southwestern Medical Center, 
Dallas, TX, USA

Department of Musculoskeletal Radiology,  
Parkland Health and Hospital System,  
Dallas, TX, USA
e-mail: avneesh.chhabra@utsouthwestern.edu 

G. K. Thawait, MBBS, MD 
Russell H. Morgan Department of Radiology and 
Radiological Science, Johns Hopkins University, 
Baltimore, MD, USA

Department of Biomedical Engineering,  
Johns Hopkins University, Baltimore, MD, USA

13

G. Andreisek, MD, MBA 
Department of Radiology, University Hospital 
Zurich, University of Zurich, Zurich, Switzerland

Swiss Center for Musculoskeletal Imaging, Balgrist 
Campus AG, Zurich, Switzerland

Department of Radiology, St Claraspital, Basel, 
Switzerland

Department of Radiology, Spital Thurgau AG, 
Cantonal Hospital, Munsterlingen, Switzerland
e-mail: gustav@andreisek.de

http://crossmark.crossref.org/dialog/?doi=10.1007/978-1-4939-7587-7_13&domain=pdf
https://doi.org/10.1007/978-1-4939-7587-7_13
mailto:avneesh.chhabra@utsouthwestern.edu
mailto:gustav@andreisek.de


330

MR imaging of the knee is the method of 
choice to identify articular cartilage injuries and 
disease progression [14–17]. In order to evalu-
ate the effectiveness or compare various thera-
peutic intervention and surgical treatments for 
chondral repair, an appropriate, reliable, and 
objective cartilage repair assessment system or 
combination of systems is necessary. MR imag-
ing has been shown to be a reliable tool in the 
preoperative diagnosis of cartilage injury and 
postoperative evaluation of cartilage repair tis-
sue [18–22]. During the postsurgical follow-up, 
MR imaging aids in assessing the surgical suc-
cess or potential complications of cartilage 
repair procedures. In contrast to arthroscopy, 
MR imaging can assess the morphology, width, 
and depth of the repair tissue and evaluate the 
subchondral bone, as well as other internal 
derangements noninvasively. Although various 
biochemical techniques, such as T2 mapping, 
post-contrast T1 mapping, T1rho imaging, and 
sodium MR, enable the assessment of cartilage 
architecture, conventional anatomic and mor-
phologic imaging remain the mainstay for pre- 
and postoperative assessment of the articular 
cartilage (Fig. 13.1).

In this chapter, we describe the role of MRI in 
the preoperative diagnosis of knee cartilage 

injury and postoperative follow-up as it relates to 
the visualization, assessment, and characteriza-
tion of cartilage repair tissue. The cartilage repair 
tissue-specific MR techniques and the morpho-
logical/biochemical outcome of a given cartilage 
repair treatment procedure are reviewed in Chap. 
14, whereas this chapter briefly summarizes the 
routinely used techniques and their advantages; 
provides an overview of the available treatment 
options, including their indications, technique, 
and clinical results; and illustrates the MR mor-
phology of repair sites as well as postoperative 
complications. Further, we also discuss the two-
dimensional (2D) and three-dimensional (3D) 
Magnetic Resonance Observation of Cartilage 
Repair Tissue (MOCART) scoring system, which 
has been well validated in studies of cartilage 
regeneration techniques.

13.2  Preoperative Assessment 
of Articular Cartilage Injury

Articular cartilage contributes to a large compo-
nent of the load-bearing capability of the joint 
that is subjected to repetitive mechanical forces. 
In the event of an abnormal mechanical load or 
high impaction force, there may be focal carti-

Fig. 13.1 Sagittal proton density (a) and coronal fat- 
saturated proton density (b) MR images in a 33-year-old 
woman with knee pain. Note a focal area of articular car-

tilage delamination (large arrow) over the lateral femoral 
condyle and an irregular partial-thickness defect on the 
corresponding tibial surface (small arrows)
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lage injury. The acute trauma-related defect is 
usually focal and isolated and shows a shoul-
dered margin (Fig. 13.2). The knowledge of such 
a defect, especially in young patient, is particu-
larly important because articular cartilage has a 
limited capacity for spontaneous repair. Cartilage 
loss can further result in stress changes in the 
underlying bone, causing pain and decreased 
range of motion in the affected joint. Finally, car-
tilage injury can lead to premature joint degen-
eration in young adults leading to significant 
morbidity. A normal adult loses 1–3% of knee 
articular cartilage with aging, which further 
worsens with onset of osteoarthritis. The 
 arthritis- related defects show irregular and obtuse 
margins due to repetitive wear and tear.

13.2.1  Role of Magnetic Resonance 
Imaging

The direct visualization of articular cartilage, 
multiplanar capabilities, and high soft tissue con-
trast provided by MRI enables the accurate and 
reproducible assessment of the morphologic fea-
tures of injured articular cartilage. By using a 
cartilage-sensitive MR sequence, the adjacent 
joint fluid and subchondral bone can be distin-

guished from cartilage MR signal characteristics. 
The most commonly used clinical MR imaging 
techniques to assess the status of articular carti-
lage are fat-suppressed T2-weighted (fs T2W) or 
proton density-weighted (PDW) sequences. 
These MR images delineate the intermediate sig-
nal intensity of articular cartilage from the high 
signal intensity of joint fluid (Figs. 13.1 and 
13.2). These images are also useful for accurate 
grading of the cartilage loss (low- or high-grade) 
and full- thickness defects, as well as for the 
detection of subchondral bone marrow edema 
and cyst formation, which shows increased signal 
intensity [23–25]. Fat-suppressed 3D sequences, 
such as fast spin echo (FSE) or spoiled gradient-
recalled (SPGR) sequences and double- echo 
steady-state (DESS) sequences, provide excel-
lent morphological depiction of the cartilage in 
multiple planes, thus, avoiding partial volume 
effects [26–29]. Higher spatial resolution and 
accuracy for individual cartilage lesions have 
been shown using 3D over 2D sequences in knee 
joint [30] and other smaller joints in accordance 
with the author’s experience (Fig. 13.3). However, 
3D gradient data sets are often more susceptible 
to metal artifacts and may be less sensitive to 
meniscal and ligament pathologies as well as 
subchondral bone marrow edema.

Fig. 13.2 Sagittal (a) and coronal (b) proton density MR images of a 51-year-old man with recent knee injury. An area 
with shouldered cartilage defect over the medial femoral condyle can be seen (arrows)
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13.2.2  Treatment of Injured Articular 
Cartilage

Cartilage repair and regeneration is a treatment 
recommended for patients with knee cartilage 
damage or deterioration caused by:

• Injury or trauma, including sports injuries
• Repetitive use of the joint
• Congenital abnormalities affecting normal 

joint structure
• Hormonal disorders that affect bone and joint 

development, such as osteochondritis disse-
cans (OCD)

To determine the best cartilage repair approach 
for the patient, MRI is used to determine the 
severity, size, and location of cartilage injuries. 
The commonly used surgical techniques for the 
treatment of injured cartilage can be prudently 
classified into repair, reconstruction, and regen-
eration techniques [31]. For details of surgical 
procedure, refer to Chap. 11.

13.2.2.1  Repair Techniques
The simplest treatment for displaced, multi- 
fragmented, avascular, or deformed chondral 
lesions is removal of the lesion and debridement 
of its bony base. The principal indication for such 
an arthroscopic debridement is during the treat-
ment of concurrent meniscal tears in patients 
with minimal malalignment [32]. Microfracture 
is a related older technique for the treatment of 
chondral lesions. Multiple perforations are 
arthroscopically created using an angulated ice 
pick crossing the subchondral bone to induce 
bleeding in the damaged site. Bleeding, which 
gradually creates a clot, brings various bone mar-
row elements including progenitor cells, cyto-
kines, and growth factors that have the ability to 
form repair tissue. The hematopoietic and mesen-
chymal stem cells are stimulated to form the 
fibrocartilage composed of collagen types I and 
II, which is of inferior quality and not as resilient 
in dealing with stress when compared to the 
native articular cartilage. Microfractures are 
effective in small injuries/areas of cartilage 

Fig. 13.3 Coronal fat-saturated proton density (a) and 
coronal DESS (b) MR images of a 25-year-old woman 
with osteochondral lesion of the posteromedial talar 
dome. Note better depiction of bone marrow edema and 
cystic changes on fat-saturated proton density; however, 

the cartilage evaluation is limited on 2D sequence due to 
partial volume artifacts. Corresponding DESS imaging 
shows better cartilage demarcation and separates the tibial 
and talar articular cartilages
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defects (less than 2 cm2) with an intact subchon-
dral plate [33, 34].

13.2.2.2  Reconstruction Techniques
Osteochondral autograft transplantation (OAT) 
provides a structure that integrates well with the 
 surrounding bone. An osteochondral (OC) graft 
is taken from a non-weight-bearing area of the 
knee and is transplanted into the cartilage defect 
site. The OC grafts are press fitted into the defect 
and flushed with the adjacent native cartilage to 
provide good contact with the healthy tissue. 
This can be achieved by placing the plugs per-
pendicular to the articular surface. The area of 
coverage is limited with a single OAT procedure. 
Alternatively, mosaicplasty is a procedure where 
multiple OC autografts cover a larger area.

Allografts are more adaptable and can be 
designed for any defect shape or size. The main 
limitations of this technique include risk of 
immune reaction and transmission of disease. 
Additionally, these allografts have to be used 
within a short period of time because of reduction 
in cell viability with time [35]. Allografts are 
indicated in young active patients with injuries 
greater than 2.5 cm in diameter [36].

Bioabsorbable devices have gained popularity 
because of the technical ease to arthroscopically 
implant them without the risk of blood-borne dis-
ease transmission or the requirement for removal 
of the implanted device. Also, the appropriate 
dimensions (thickness and length) can be chosen 
to fit the entire articular cartilage lesion.

13.2.2.3  Regeneration Techniques
Autologous chondrocyte implantation (ACI) is a 
two-step technique that involves harvesting the 
articular cartilage from a non-weight-bearing 
area of the knee. The harvested chondrocytes are 
cultured to increase the chondrocyte count to two 
to five million cells, which are then reimplanted 
in the host knee cartilage defect site with an over-
lying periosteal patch. The main indication for 
this technique is failure of other techniques in 
patients less than 50 years of age with cartilage 
lesions between 1 and 10 cm2 [15, 37]. The sec-
ond- and third-generation ACI techniques have 
been subsequently developed to include the use 

of seeded membranes and biomaterials such as 
collagen type I or the chondro-inductive/chondro- 
conductive matrices. However, the comparison of 
first and second generation of ACI has not shown 
any significant clinical differences [38, 39].

13.3  Postoperative Assessment 
of Articular Cartilage Repair

MRI is used for the assessment of graft incorpo-
ration, graft congruity, and examination of the 
repair tissue characteristics. Postsurgical MRI is 
used for follow-up of patients after cartilage 
repair surgery in order to determine the success 
of surgical treatment and to assess the morphol-
ogy and composition of the repair tissue. In the 
first 4 weeks after the procedure, the plugs and 
surrounding marrow have altered marrow signal. 
By 12 months, the plugs and the surrounding 
marrow return to normal fatty marrow signal. 
Persistent edema visualized as high signal inten-
sity in the subchondral bone marrow and cyst for-
mation indicates graft failure and poor 
incorporation.

13.3.1  Morphological Assessment 
of Articular Cartilage Repair: 
Qualitative

To successfully assess the graft morphology and 
integration to native tissue, it is essential to obtain 
a high spatial resolution, which in turn can be 
achieved either by using a surface coil (at 1.5 T 
scanner) or a knee coil (at 3 T scanner) [40–42]. 
Cartilage-sensitive MR sequences that allow 
excellent visualization of the articular cartilage 
with good signal-to-noise ratio (SNR) and con-
trast-to-noise ratio (CNR) within reasonable 
imaging times includes: fs PDW, T2 FSE and 3D 
gradient recalled echo (GRE) sequences [24, 30, 
43–45]. Using a combination of these morpho-
logic imaging sequences has provided excellent 
soft tissue contrast.

Several proposals for the morphological anal-
ysis of the repair tissue include evaluations of the 
structure and MR signal intensity of the repair 
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tissue (at its surface, the defect filling and inte-
gration with adjacent native cartilage); degree of 
defect filling; morphology of repair tissue with 
respect to native cartilage (flush, proud, or 
depressed); delamination (in the setting of ACI); 
integration with the adjacent native cartilage; 
nature of the interface with the adjacent surface 
(presence or absence and size of fissures); integ-
rity of cartilage on the opposite articular surface; 
as well as the assessment of the status of the  
subchondral bone and bone marrow [40, 42,  
46, 47].

13.3.1.1  Two-Dimensional Magnetic 
Resonance Observation 
of Cartilage Repair Tissue 
Score

Among various MR scoring systems, the 
MOCART proposed by Marlovits et al. [40] is an 
efficient scoring system that has shown to have 
proven validity, reliability, and clinical useful-
ness with excellent interobserver reproducibility 
[40, 48, 49]. The MR assessment of the MOCART 
score is based on standard 2D MR sequences. 
Depending on the anatomic site of the cartilage 
repair, the MR evaluation of the cartilage repair 
tissue is performed on sagittal, axial, or coronal 
2D planes using high spatial resolution together 
with a slice thickness of 2–4 mm. See Appendix 
C for details of 2D MOCART assessment 
criteria.

The 2D MOCART scoring system involved 
the analysis of the following nine variables:

 1. Degree of defect repair and filling
 2. Integration of cartilage repair tissue to border 

zone
 3. Structure of repair tissue on surface
 4. Structure of whole volume of repair tissue
 5. Signal intensity of repair tissue
 6. Constitution to subchondral lamina
 7. Status of the subchondral bone
 8. Possible adhesions
 9. Possible joint effusion (Fig. 13.4)

13.3.1.2  Three-Dimensional Magnetic 
Resonance Observation 
of Cartilage Repair Tissue 
Score

With improvement of MR technology, pulse 
sequences, and development of 3D sequences, 
Welsch et al. proposed a new 3D MOCART score 
by using the isotropic 3D TrueFISP sequence 
and its multiplanar reconstruction (MPR) [49]. 
The new isovoxel 3D sequences have the poten-
tial for high-resolution isotropic imaging with a 
voxel size down to 0.4 mm3, which can then be 
reformatted in arbitrary planes without any loss 
of spatial resolution. Building on the capabilities 
of MPR, the cartilage repair 3D visualization and 
subsequent development of the 3D MOCART 
scoring system were feasible.

The 3D MOCART score was based on the 
standard 2D MOCART score by including vari-
ables and subcategories. The 3D MOCART 
included 11 variables as follows (see Appendix C 
for details of 3D MOCART assessment criteria):

 1. Defect fill relative to adjacent native articular 
cartilage

 2. Repair tissue interface with native cartilage
 3. Bone interface
 4. Surface of repair tissue
 5. Structure of repair tissue
 6. Signal intensity of repair tissue
 7. Subchondral lamina
 8. Chondral osteophyte
 9. Bone marrow edema
 10. Subchondral bone integrity
 11. Effusion (Figs. 13.5 and 13.6)

A pertinent discussion of the variables in 3D 
MOCART score is as follows:

 1. Defect Fill
Defect fill is evaluated in comparison to 

the adjacent native cartilage. Defect fill is 
described as 100% (flush with the native car-
tilage), when the repair tissue is of compa-
rable thickness to the adjacent cartilage. If 

A. B. Chhabra et al.
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Fig. 13.4 Coronal (a) and sagittal (b) fat-saturated pro-
ton density MR images of a 47-year-old woman with his-
tory of right knee pain. She had a prior lateral 
meniscectomy as well as microfracture surgery within the 
medial femoral condyle (arrows). 2D MOCART 
(Magnetic Resonance Observation of Cartilage Repair 
Tissue) staging for medial femoral condyle: (1) degree of 
defect repair and filling: complete (at the level of the adja-
cent cartilage); (2) integration to the border zone, com-
plete (complete integration with adjacent cartilage) 
demarcating border visible, no; (3) surface of the repair 
tissue, surface intact; (4) structure of the repair tissue, 

fairly homogenous; (5) signal intensity of the repair tis-
sue, dual T2-FSE isointense; (6) constitution to subchon-
dral lamina, good; (7) subchondral bone, subchondral 
cysts and bone marrow edema; (8) adhesions, no; (9) joint 
effusion, yes. After a 2-year follow-up, sagittal (c) and 
coronal (d) fat-saturated proton density MR show 
decreased bone marrow edema and cystic changes on 
medial femoral condyle (large arrows). However, coronal 
image also shows worsening lateral compartment carti-
lage loss with developing bone marrow edema (small 
arrow)
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Fig. 13.5 Sagittal 3D DESS (a) and sagittal fat-saturated 
proton density (b) MR images of a 47-year-old woman 
with a prior microfracture surgery within the medial fem-
oral condyle (arrows). Notice better depiction of cartilage 

definition on 3D image (a) and reactive bone marrow 
changes in the medial femoral condyle on 2D image (b), 
respectively

Fig. 13.6 Sagittal fat-saturated proton density (a) and 
coronal (b) 3D TrueFISP MR images of a 15-year-old boy 
with history of prior ACI within the lateral femoral con-
dyle (arrows). 3D MOCART (Magnetic Resonance 
Observation of Cartilage Repair Tissue) staging for 
medial femoral condyle: (1) degree of defect repair and 
filling, complete and hypertrophy (75–100% above the 
level of the adjacent cartilage); (2) cartilage interface 

(integration to the border zone), complete; (3) surface of 
the repair tissue, surface irregular; (4) structure of the 
whole repair tissue, fairly homogeneous; (5) signal inten-
sity, dual T2-FSE isointense; 3D TrueFISP, isointense; (6) 
constitution to subchondral lamina, good; (7) subchondral 
lamina, irregular; (8) chondral osteophyte, no; (9) bone 
marrow edema, yes, medium; (10) subchondral bone, 
cysts; joint effusion, yes, medium

A. B. Chhabra et al.
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the value is below 100%, it is referred to as a 
cartilage defect underfilling, and if it is above 
100% (proud relative to the native cartilage), 
it is termed as hypertrophy. Further, it can be 
classified on the basis of localization in the 
weight-bearing areas or elsewhere.

 2. Cartilage Interface
It refers to the integration of the repair tis-

sue to the native cartilage border zone. It is 
stated as complete or incomplete, depending 
upon the presence or absence of gap at the 
interface between the repair tissue and the 
adjacent cartilage.

 3. Bone Interface
This evaluates integration of the repair 

tissue to the subchondral bone or the integra-
tion to a possible periosteal flap depending 
on surgical technique. It is reported as com-
pletely attached, partially detached, or 
 complete detached.

 4. Repair Tissue Surface
The cartilage surface may be damaged 

with the appearance of fibrillations, fissures, 
or ulcerations above or below 50% of repair 
tissue depth, or there may be a total degen-
eration. Further, any signs of adhesions are 
also recorded at the site of damage.

 5. Repair Tissue Structure
The architecture of the repaired cartilage 

is reported as homogeneous when there is 
typical cartilage layering over the entire 
repair tissue or inhomogeneous if it shows 
cleft formation.

 6. MR Signal Intensity
The signal intensity of the repair tissue is 

compared to the adjacent native cartilage. It 
can be evaluated as nearly normal or abnor-
mal, depending on the amount of the signal 
alterations. The abnormal signal intensity 
can be higher (hyperintense) or lower 
(hypointense) relative to native articular 
cartilage.

 7. Subchondral Lamina
The subchondral lamina between the 

repair tissue and the bone is reported as 
either intact or irregular and broken.

 8. Chondral Osteophyte
Osteophytes can emerge in the region of 

the cartilage transplant. Further, they can be 
found in different sizes, which can be classi-
fied based on their thickness of above or 
below 50% of the thickness of the cartilage 
transplant.

 9. Bone Marrow Edema
Subchondral bone marrow edema size 

can be classified as small (diameter, < 1 cm), 
medium (< 2 cm), large (< 4 cm), or diffuse.

 10. Subchondral Bone
Excluding the bone marrow edema, the 

subchondral bone criteria evaluate the 
changes in the subchondral bone adjacent to 
the area of repair tissue such as the presence 
of granulation tissue, sclerosis, or cysts.

 11. Effusion
Based on the extent, joint effusion is clas-

sified as absent, small, medium, or large.

In the clinical routine follow-up after cartilage 
repair, the 2D evaluation with the standard 2D 
MOCART scoring system obtained by using 
three standard MR sequences provided compa-
rable information to the 3D MOCART scoring 
system assessed by using only one high- 
resolution isotropic 3D TrueFISP sequence. 
However, artifacts were more frequently visible 
within the 3D TrueFISP sequence.

Another MRI scoring system, the cartilage 
repair osteoarthritis knee score (CROAKS) was  
developed for follow-up of knee cartilage repair 
procedures integrating assessment of the repair 
site and the whole joint [50]. This semiquantita-
tive assessment system combined the assessment 
of the cartilage repair site using features of 
MOCART scores and for the whole the joint 
based on experiences with the Magnetic 
Resonance Imaging Osteoarthritis Knee Score 
(MOAKS). MRI examinations of 20 patients at 
12 months post matrix-associated autologous 
chondrocyte transplantation (MACT) of the knee 
showed good to excellent reliability with the 
combined, established semiquantitative scoring 
systems (MOCART and MOAKS) [50].

13 Pre- and Postoperative Imaging of Knee Articular Cartilage
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13.3.2  Magnetic Resonance Imaging 
Assessment of Repair Tissue

Recently, there has been a great interest in devel-
oping MR imaging techniques to evaluate the 
biochemical composition of the cartilage repair 
procedure. The proteoglycan content MR spe-
cific sequences include delayed gadolinium- 
enhanced MR imaging of cartilage (dGEMRIC), 
T1rho mapping, and sodium MR imaging, 
whereas the collagen content-sensitive tech-
niques include T2 mapping and magnetization 
transfer [51–53].

Chondrocytes usually repair by formation of 
fibrocartilage composed of collagen types I and 
II, which is not as resilient in dealing with stress 
as the compressive, native hyaline cartilage pri-
marily composed of collagen type II. On MR 
imaging, initially the tissue may be indistinct; 
however, by 1–2 years, repair tissue is expected 
to fill the defect with a smooth contour. The 
 signal intensity may be similar, although more 
commonly, less than the native cartilage related 
to predominant fibrocartilage formation [14]. 
Following surgical treatment, underlying bone 
marrow edema often regresses but may not 
resolve completely. Surface fissures and flaps 
may be present (Fig. 13.7).

MRI has been proven to be highly accurate 
in assessing the repair tissue with good corre-
lation to the lesion fill and tissue quality and its 
integration with the adjacent native cartilage 
[54]. Further, at post-surgery and during fol-
low-up, MR imaging facilitates accurate 
assessment of complications of repair surgery 
including graft/periosteal hypertrophy and 
delamination, adhesions, surface incongru-
ence, and reactive/inflammatory changes (such 
as effusions and synovitis). Based on the treat-
ment procedure, the nature of the repair tissue 
is outlined below:

13.3.2.1  Abrasion Arthroplasty/
Debridement

Removal of few millimeters of subchondral 
bone causes local bleeding, fibrin clot forma-
tion, and subsequent development of a fibro-
cartilage-like tissue composed of collagen type 
I and type III. Fibrocartilage is stronger against 
tension rather than compression forces and is 
therefore not a durable long-lasting substitute 
for hyaline cartilage. Although early results 
and symptom relief from this procedure were 
promising, long- term results have not been 
 satisfactory [55].

Fig. 13.7 Coronal 3D DESS (a) and sagittal fat-saturated 
proton density (b) MR images of a young woman with a 
prior microfracture surgery within the lateral femoral con-

dyle (arrows). Notice good cartilage fill and better depic-
tion of cartilage definition on the 3D image (a) with 
minimal surface irregularities

A. B. Chhabra et al.



339

13.3.2.2  Autologous Osteochondral 
Grafts

The repaired tissue is better when OAT is used in 
the femoral condyles rather than in the tibial pla-
teau or in the patella [56]. The problems of lack 
of integration or fibrocartilage formation at the 
border zone with native cartilage may occur. MRI 
after the mosaicplasty procedure involves assess-
ment of graft incorporation, graft congruity, and 
examination of the repair tissue characteristics. 
In the first 4 weeks after the procedure, the plugs 
and surrounding marrow have altered marrow 
signal. By 12 months, the plugs and the surround-
ing marrow return to normal fatty marrow signal. 
Persistent edema like subchondral bone marrow 
signal and cyst formation indicates graft failure 
and poor incorporation.

13.3.2.3  Allogenic Osteochondral 
Transplants

MRI is useful in determining the surface congru-
ity between graft and the native cartilage [14]. 
Usually, the bony plug margin is also visible indi-
cating the type of repair. Bone marrow edema can 
be prominent for up to 12 months post-surgery. 
Graft-host reactions can be seen as persistent sig-
nal abnormalities within the graft marrow or at 
the graft-host interface [57].

13.3.2.4  Synthetic Grafts, Scaffolds, 
and Osteochondral Plugs

The synthetic plugs are radiolucent but can be 
visualized on MR imaging with varying signal 
intensity depending on the biomaterial used. 
Frequently, during the first few months, these 
plugs appear as low signal intensity tracts on 
T1W and T2W MR images. However, by the end 
of the first year, the grafts with repair tissue 
become hyperintense on T2W MR images. Most 
of them are not visible after 2 years [58].

13.3.2.5  Autologous Chondrocyte 
Implants

During the follow-up of post ACI cartilage repair, 
MRI can accurately detect and classify the defect 
fill as flush, underfilling, or hypertrophy as well 
as the graft integration [59]. Surface irregularity 
is commonly seen on MR imaging (Fig. 13.6) 
[15]. The signal intensity of repair cartilage 
decreases after the first 12 months. Persistent 
bone marrow edema, chondral osteophytes, and 
cartilage delamination are adverse outcome 
indicative of ACI failure (Fig. 13.8). The com-
mon complications of ACI technique are symp-
tomatic graft hypertrophy, perturbed fusion or 
integration, delamination, and fibrosis, which 
may require re-intervention [60–62]. Among 

Fig. 13.8 Sagittal proton density (a) and sagittal fat- 
saturated proton density (b) MR images of a young man 
with a prior ACI repair surgery within the lateral femoral 

condyle 1 year ago (arrows). Notice failure of ACI repair 
with visible chondral osteophytes (large arrow) and over-
lying cartilage delamination (small arrow)
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those, the overall complication rate and incidence 
of hypertrophy of the transplant were higher for 
periosteum-covered ACI. Graft hypertrophy may 
occur 3–7 months post ACI and has been reported 
as a complication in 10–63% of cases [16–18]. 
Furthermore, an increased rate of symptomatic 
hypertrophy was found for patellar defects. 
Delamination occurs when the graft separates 
from the parent bone, which is visualized in MR 
as a linear fluid high signal intensity undermining 
the graft. When significant, both delamination 
and graft hypertrophy may require repeat sur-
gery, either debridement in the case of hypertro-
phy or repeat ACI in both cases.

13.4  Conclusions

Cartilage injuries are common and a variety of 
repair procedures have been developed for their 
treatment. MR imaging has proven to be an 
excellent tool for presurgical mapping and post-
surgical assessment of these lesions.
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