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Abstract

OBJECTIVE.—Imaging of hip cartilage is challenging because of its limited thickness and 

complex geometry and therefore requires advanced MRI techniques. However, cartilage 

abnormalities are found in a number of disease entities, and their diagnosis may impact patient 

management. This article will provide pertinent information about the motivation to image hip 

cartilage, which imaging techniques to use, and how to analyze cartilage; finally, we will discuss 

disease entities with regional cartilage lesions, including the typical MRI findings.

CONCLUSION.—Because the detection and quantification of regional cartilage abnormalities 

are critical for guidance of operative and nonoperative management of hip disorders, radiologists 

should be familiar with imaging and analysis techniques for assessing hip cartilage.

Keywords

cartilage; femoroacetabular impingement; hip; MRI; quantitative imaging; T1rho; T2 relaxation 
time

Regional articular cartilage abnormalities are associated with hip pain and disability [1], and 

they are also seen in disorders such as femoroacetabular impingement (FAI), trauma, and 

insufficiency fractures, all of which can result in osteoarthritis and eventually total hip 

replacement [2].

Purpose and Scope

This article aims to provide background information about why the diagnosis of focal 

abnormalities of the hip cartilage may play a critical role in preventing total joint 

replacement, to inform the reader about morphologic and compositional MRI techniques, to 

explain how to characterize cartilage abnormalities, and to outline typical disease entities 

associated with regional cartilage abnormalities.
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Background: Why Is It So Important to Diagnose Regional Cartilage 

Abnormalities?

Over the past 20 years substantial progress has been made in understanding the causes of hip 

joint disorders and developing new treatment options. New biomechanical concepts have 

evolved suggesting that a high percentage of cases of hip osteoarthritis, which was initially 

thought to be an idiopathic disorder, are in fact related to instability and impingement [3]. In 

particular, recognizing the significance of FAI has impacted our understanding of the 

pathophysiology of early hip osteoarthritis [4], although there are still significant 

controversies in this field [5]. Twenty years ago, therapy for articular cartilage lesions was 

limited, and progression of the disease would have eventually resulted in total hip 

arthroplasty (THA). Currently, the new operative and arthroscopic techniques that have 

evolved aim to prevent and slow the progression of hip osteoarthritis [6].

The detection of early abnormalities of the hip cartilage, which can be treated, requires 

sensitive imaging techniques. MRI has increasingly been used for this purpose because it 

shows internal joint derangement directly. Detection and quantification of regional cartilage 

abnormalities, labral tears, and bony anatomic abnormalities are critical to guide operative 

and nonoperative management of hip disorders [7]. Diagnosing and quantifying the extent of 

focal cartilage lesions at the hip will impact patient management, particularly in patients 

with FAI, chondral injuries, and insufficiency fractures, and will aid in the prevention of 

cartilage degeneration and disease progression.

Femoroacetabular Impingement

The presence and extent of cartilage lesions guide arthroscopic surgery in patients with FAI. 

Because FAI lesions are common in young athletes, it is important to assess cartilage 

injuries in these patients. Operative therapy options hold more promise of success in earlier 

stages of this disease, so any signs of cartilage injury could lead to a greater urgency in 

surgical invention for FAI lesions.

Chondral Injuries

Chondral injuries treated with cartilage repair techniques of the hip such as microfracture, 

autologous chondrocyte implantation, and mosaicplasty require exact preoperative 

visualization to optimally plan the repair procedures [8]. Furthermore, it is important to 

counsel patients in the preoperative setting about the possible need for cartilage repair 

because these procedures require prolonged rehabilitation protocols after surgery. 

Preoperative counselling is also needed in patients undergoing surgery for other diseases, 

such as FAI, in which concomitant full-thickness cartilage injury or delamination are 

detected and may necessitate extended surgical treatment.

Insufficiency Fractures

In insufficiency fractures, the size of the focal cartilage lesions directly impacts the 

prognosis of patients; it has been shown that large cartilage lesions overlying the 

insufficiency fracture will more likely require total joint replacement [9]. If the cartilage is 

normal or if only small cartilage lesions are identified, conservative management will be 
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more successful and should be the first-line treatment; hence, cartilage assessment will 

impact patient management.

Prevention

Epidemiologic studies have shown that focal cartilage lesions progress over time and that 

obesity and high-impact physical activities are associated with cartilage degeneration [10, 

11]. Lifestyle changes have a significant influence on disease progression [12], and early 

detection of cartilage damage and patient education therefore may delay hip replacement. 

This emphasis on patient education is noteworthy because currently no pharmacotherapies 

are available to effectively treat cartilage damage.

Imaging Techniques: Which Techniques Are Required to Image Regional 

Cartilage Abnormalities of the Hip?

Imaging of the hip joint cartilage is challenging because the cartilage is thin, ranging from 

1.3 mm (superomedial) to 3.0 mm (superolateral) at the acetabulum and from 2.3 mm 

(superomedial) to 0.8 mm (superolateral) at the femoral head in healthy individuals [13]. 

Also, separation of the two cartilage layers is challenging, and high-resolution imaging with 

good signal-to-noise ratios (SNRs) is required to visualize the hyaline cartilage best.

To date, there are no dedicated hip surface coils for MRI, and the best coils for imaging of a 

single hip are cardiac or “flex” coils, which are available from different manufacturers. The 

coils that usually provide better image quality are phased-array coils with multiple channels 

(8–32). Multichannel phased-array torso coils may be used for imaging of bilateral hips, but 

this technique is of limited use for the assessment of hip cartilage because the spatial 

resolution and SNR are inferior to the examination with a smaller-FOV coil. Given that the 

hip joint is relatively deep within the pelvis, image quality can also be enhanced by 

increasing the field strength; imaging at 3 T is currently best suited to visualize hip hyaline 

cartilage [14, 15].

Sequences

MRI protocols should allow a reproducible and valid assessment of cartilage while 

providing maximum information about the other joint structures [16]. Focal cartilage lesions 

are adequately detected on fast spin-echo (FSE) sequences, which are either intermediate-

weighted (TE range = 30–60 ms) or proton density–weighted (TE range = 10–30 ms) [17–

19]. A number of studies and protocol recommendations comprise fat-suppressed (FS) 

sequences in at least two planes [18, 20–23], whereas others have used no fat suppression 

[24, 25], especially when metallic orthopedic hardware was present [26].

A recent study showed good results for cartilage evaluation with a 3D proton density-

weighted FS FSE sequence with variable flip angle after autologous chondrocyte 

transplantation [27]. Also, an intermediate-weighted 3D FSE sequence with isotropic 

resolution (Cube, GE Healthcare) was shown to detect cartilage lesions with a significantly 

higher sensitivity than a routine protocol [28], and this technique was optimized regarding 

image quality and motion artifacts [29]. Three-dimensional FSE sequences with isotropic 
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spatial resolution allow reconstructions in arbitrary imaging planes and are currently adapted 

to hip cartilage imaging; the preliminary results with these sequences are promising, as 

shown in Figure 1. Cartilage delineation—especially separation of femoral and acetabular 

cartilage—may be improved by using these sequences.

Three-dimensional gradient-echo sequences are also used for cartilage imaging, including 

FS 3D FLASH [30], 3D spoiled gradient-recalled echo [31], and 3D dual-echo in the steady 

state (DESS) [32] sequences. Spoiled T2*-weighted multiecho gradient-echo sequences 

including MERGE (Multiple Echo Recombined Gradient Echo, GE Healthcare), MEDIC 

(Multi-Echo Data Image Combination, Siemens Healthcare), and M-FFE (Merged Fast Field 

Echo, Philips Healthcare) are available. These sequences are useful for both volumetry and 

T2* relaxation time analyses of cartilage [33, 34]. In the knee, these sequences provide good 

delineation of articular cartilage and therefore are suitable for quantitative assessment of 

cartilage volume and thickness [23]. However, given the technical and anatomic challenges 

of hip MRI, the delineation of cartilage from synovial fluid in the hip is inferior with 3D 

gradient-echo sequences compared with intermediate-weighted 2D sequences. Also, to 

achieve an SNR with sufficient cartilage signal intensity, long scanning times are necessary 

[35] and artifacts are more prominent in the 3D sequences mentioned [36]. Therefore, in 

clinical routine, 3D gradient-echo sequences are limited in assessing cartilage structure and 

surface abnormalities as shown in Figure 2.

Coronal sequences allow optimal evaluation of the suprafoveal femoral head and lateral 

acetabular dome, whereas the cartilage over the anterior and posterior walls can be 

visualized best on axial images. Sagittal images are primarily used for the detection of labral 

abnormalities; they are also particularly suitable for the evaluation of the weight-bearing 

portion of the cartilage of the femoral head and acetabular dome [2]. These regions are prone 

to cartilage lesions, especially in patients with FAI, avascular necrosis, and insufficiency 

fractures, and therefore should be assessed with special attention [15, 37, 38].

MR Arthrography

In 2004, a study reported the detection of cartilage lesions of the hip on 2D proton density-

weighted FS FSE sequences with a sensitivity of only 18%, whereas the sensitivity of direct 

MR arthrography was significantly higher at 41% [39]. Although that study advocated MR 

arthrography as being the superior diagnostic technique, the patient numbers were relatively 

low and scanning was performed at 1.5 T. A more recent study by Sutter et al. [40] 

compared MRI and MR arthrography in detecting cartilage lesions separately of the 

acetabulum and femoral head. Using standard MRI with FS intermediate-weighted FSE and 

DESS sequences, they reported sensitivity for acetabular cartilage lesions of 58% (reader 1) 

and 83% (reader 2) (specificity, 100% and 50%, respectively) and sensitivity for femoral 

cartilage defects of 50% (reader 1) and 83% (reader 2) (specificity, 100% and 59%). The 

sensitivities of MR arthrography were higher for acetabular lesions with sensitivity of 71% 

(reader 1) and 92% (reader 2) (specificity, 100% and 25%) but were similar for femoral 

cartilage defects, with sensitivity of 50% (reader 1) and 83% (reader 2) (specificity, 91% and 

46%). This recent study impressively shows the challenges in analyzing cartilage lesions at 

the hip joint. In another recent study, the sensitivity of MR arthrography was reported to be 
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65% [41], which is in agreement with a pooled sensitivity of 62% and specificity of 86% 

reported in the review by Smith et al. [42]. High accuracies for the detection of chondral and 

labral lesions under weight-adapted traction of the hip joint were recently reported, 

suggesting that the diagnostic value of MR arthrography may further be improved [43].

Protocol Recommendations

Protocol recommendations for routine clinical imaging of articular cartilage of the hip for 

1.5- and 3-T MRI are shown in Table 1. In general, we recommend intermediate-weighted 

sequences with fat suppression, a high matrix size, and thin sections (3—4 mm). Individual 

parameters have to be chosen differently for 1.5 and 3 T to reflect inherent differences in 

SNR. We acquire these sequences in coronal, sagittal, and oblique axial imaging planes. If 

MR arthrography is performed, coronal Tl-weighted imaging sequences are added to the 

sequences as shown in Table 1.

Compositional Imaging

None of the conventional morphologic MRI sequences described is capable of detecting 

molecular and biochemical changes in cartilage [44]. In particular, a decreased 

glycosaminoglycan content and an increased water content in the extracellular matrix 

precede morphologic cartilage lesions [45] and may be diagnosed at a potentially reversible 

stage [46, 47].

Delayed gadolinium-enhanced MRI of cartilage (dGEMRIC) uses a T1 mapping technique 

after the IV administration of gadopentetate dimeglumine [48]. Because of their negative 

charge, glycosaminoglycans repulse the negatively charged contrast agent; thus, in areas 

with depleted glycosaminoglycan concentration, an accumulation of contrast material can be 

detected [49]. Already established in knee research [50, 51], these observations were 

reproduced in the hip [52]. However, an IV injection of gadopentetate dimeglumine is 

required followed by temporary exercise to distribute the gadolinium.

The spin lattice relaxation time in the rotating-frame technique, which is known as “T1rho,” 

is an alternative noninvasive imaging technique. Being sensitive to regional changes in 

proteoglycans [53], T1rho imaging has been used mostly to assess knee cartilage, especially 

in early stages of osteoarthritis [18, 54], but its feasibility and clinical relevance in the hip 

have been reported [55–57]. The T1rho color maps of a healthy volunteer and a patient with 

early hip osteoarthritis shown in Figure 3 reveal the differences in biochemical composition.

T2 relaxation times relate to the rate of transverse magnetization and to the rate of the 

nuclear MR decay of nuclei, which are caused by the loss of phase coherence induced by a 

preceding radiofrequency pulse [58]. The water content and collagen content of the 

extracellular matrix and its orientation influence T2 relaxation times. This effect has been 

used to assess cartilage composition in healthy volunteers and in patients with hip dysplasia, 

FAI, and hip osteoarthritis [57, 59, 60]. T2* mapping is a technique similar to T2 mapping, 

but T2* mapping has shorter scanning times and is more sensitive to susceptibility artifacts 

[61]. In the hip, Bittersohl et al. [34, 61] found a significant correlation between T2* 

relaxation times and dGEMRIC and histologic assessments of the cartilage, respectively. 
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Other studies have shown that the T2* values of healthy volunteers significantly differed 

from those of patients with FAI [62, 63].

A recent study found that analysis of T2 and T1rho values separately assessed in local 

regions were more sensitive than global measurements of the cartilage composition of the 

hip and were consistent with region-specific cartilage degeneration [57]. This finding 

emphasizes the fact that compositional imaging parameters should be assessed in a region-

specific approach to better characterize regional variations in cartilage composition and 

degeneration. However, to date, compositional imaging is used predominantly in a research 

setting. However, given the potential of these techniques to detect hip cartilage abnormalities 

in a possibly reversible stage, they may be performed in clinical practice in the near future.

Hip Cartilage Analysis: How Can Regional Hip Cartilage Abnormalities Be Assessed?

There are several types of focal abnormalities including focal cartilage defects, focal 

swelling of cartilage, osteochondral lesions, and delamination. Delamination is a typical sign 

in FAI, and the imaging findings will be discussed in detail. Focal swelling of cartilage is 

shown by increased signal intensity but may be difficult to visualize because of the limited 

thickness of the hip cartilage. Cartilage defects and injuries may be partial or complete with 

or without an abnormality of the underlying subchondral bone. To quantify the severity of 

cartilage lesions, the Outerbridge and Noyes classifications, based on surgical and 

arthroscopic evaluations, respectively [64, 65], have been modified to grade MRI findings in 

knee and hip cartilage [41, 62, 66, 67]. These MRI scores assess the depth of the cartilage 

damage and distinguish among superficial partial-thickness lesions (< 50%); deep partial-

thickness lesions (> 50%); and full-thickness lesions, which are consistent with complete 

cartilage denudation. At the hip, differentiation of deep from superficial cartilage lesions is 

challenging [68]. These Outerbridge and Noyes classifications do not include the size of the 

lesions; however, after trauma and if cartilage repair is considered, exact measurement of 

lesion size is required and needs to be provided to the orthopedic surgeon to plan surgical 

intervention. Osteochondral lesions have a cartilage defect associated with an underlying 

bony abnormality, such as a bone marrow edema pattern, subchondral cyst, or bony defect. 

Typically, osteochondral lesions are posttraumatic but may also be degenerative.

More recently, several whole-joint MRI scoring systems have been developed to more 

comprehensively score cartilage and associated joint abnormalities; the key features of these 

systems are shown in Table 2. The earliest comprehensive whole-organ hip osteoarthritis 

scoring system was developed by Neumann et al. [69]; their system focused on assessing 

cartilage, bone marrow signal changes, labral tears, osteophytes, and subchondral cysts using 

direct MR arthrography [69]. However, this scoring system requires direct MR arthrography 

and to date has not been sufficiently validated [69, 70].

The Hip Osteoarthritis MRI Scoring System (HOAMS) [70] assesses similar features as the 

grading system by Neumann et al. [69] but also analyzes synovitis and joint effusion. 

Cartilage of both layers—the femur and acetabulum—are assessed together in one score 

after subdividing four zones in the sagittal plane and five zones in the coronal plane. 

Interreader agreement was good, and some features of HOAMS correlated significantly with 

Kellgren-Lawrence grades on hip radiographs [70].
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Most recently, the evaluation system known as “SHOMRI” (scoring hip osteoarthritis with 

MRI) based on unenhanced 3-T MRI was presented by Lee et al. [21]. This whole-organ 

score analyzes eight features including articular cartilage loss, bone marrow edema pattern, 

subchondral cysts, and labral abnormalities. Articular cartilage loss, bone marrow edema 

pattern, and subchondral cysts are graded in 10 subregions on the basis of the geographic 

zone method established by the International Society for Hip Arthroscopy [71]. In each 

subregion, cartilage lesions are scored using a 3-point scale ranging from no cartilage loss, 

partial-thickness loss, to full-thickness loss. SHOMRI showed good to excellent 

reproducibility and significant correlations with both radiography-based osteoarthritis 

grading systems and clinical parameters. However, this scoring system has not been 

validated using arthroscopy or pathology. Figure 4 shows how scoring is performed using 

SHOMRI on a coronal fluid-sensitive FSE image. Although these semiquantitative scoring 

systems are currently not routine clinical practice, they will be used for clinical trials and 

radiologists need to be familiar with them.

Regional Abnormalities of the Hip: What Are the Disease Entities 

Associated With Regional Cartilage Damage?

Femoroacetabular Impingement

One of the entities with regional cartilage abnormalities that has been identified as a major 

contributor in the cause of early osteoarthritis is FAI [4, 72]. Cam-type FAI and pincer-type 

FAI have been differentiated: Each type presents cartilage injury in different regions.

Cam-type impingement——Cam-type impingement is characterized by abnormal head-

neck morphology in which there is an osseous prominence at the head-neck junction that can 

lead to anterosuperior labral tears and anterosuperior cartilage injury [73]. The osseous 

prominence can be quantified using the alpha angle on oblique axial MR images; however, 

there is substantial overlap in the alpha angle measurements of healthy volunteers and 

patients with cam-type deformities [74, 75]. The anterosuperior segment has been 

recommended for this measurement because it discriminates between healthy subjects and 

subjects with FAI best [74, 75]. Sutter et al. [74] found that increasing the alpha angle 

threshold value from 55° to 60° significantly reduced falsepositive results, while maintaining 

a reasonable sensitivity. In a study by Kassarjian et al. [73], anterosuperior cartilage lesions 

were found in 95% (40/42) of the patients. Patients with symptomatic FAI typically have 

rapid cartilage loss over the anterosuperior margin of the dome and active delamination may 

be seen, which is manifested as hyperintensity in the basilar component of the cartilage over 

the anterior dome extending down to the tidemark [2, 24]. Figures 5–7 show examples of 

arthroscopically proven carpet lesion or delaminating lesion in patients with FAI. All three 

cases show a linear area of bright signal intensity along the acetabular subchondral bone 

covered by an area of darker tissue. These findings are typical but are relatively subtle, and 

they are seen on both MR arthrograms and standard MRI studies. Note that no contrast 

material is seen underneath the cartilage in the MR arthrograms (Fig. 5B and 6A), meaning 

that MR arthrography does not need to show injected contrast material within the cartilage 

substance to be reliable. Pfirrmann et al. [76] reported high specificity for the presence of 

hypointense areas in the acetabular substance on intermediate-weighted FS sequences in 

Link et al. Page 7

AJR Am J Roentgenol. Author manuscript; available in PMC 2020 August 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



patients with delamination confirmed at arthroscopy, which can also be seen in Figures 6 

and 7. A typical arthroscopic finding in early FAI is the so-called “wave sign,” due to loss of 

fixation of the cartilage to the subchondral bone [77], which corresponds to the previously 

described delamination (Fig. 7). The overall diagnosis of delamination is difficult even with 

MR arthrography, and previous studies have reported sensitivities ranging between 22% and 

74% [76, 78].

Pincer-type impingement——Pincer-type impingement is related to overcoverage of the 

femoral head and is typically associated with coxa profunda and acetabular retroversion [2]. 

Retroversion of the upper part of the acetabulum leads to the anterosuperior rim and 

lateralized medial edge abutting against the head-neck junction during flexion of the hip, 

whereas acetabular protrusion leads to anterior overcoverage of the head by the acetabulum 

[79]. Pfirrmann et al. [80] found that cartilage lesions in patients with pincer-type FAI were 

significantly larger at the posteroinferior position than cartilage lesions in patients with cam-

type FAI. Pincer-type impingement typically manifests with primary labral failure followed 

by slower progressive cartilage loss [2]. Pincer-type FAI is more frequently found in women 

than in men and in older patients.

Traumatic Cartilage Injuries

Cartilage lesions are frequently related to sports injuries, as shown in a recent study in 

younger retired National Football League players [81]. In that study, chondral lesions were 

found in 98% (54/55) of the players [81]. Cartilage lesions were more frequent than labral 

tears or any other abnormality. Using arthroscopy in 29 patients as a standard of reference, 

Khanna et al. [82] showed that acute traumatic injury to the hip resulted in loose bodies 

(59%), intraarticular step deformities (38%), osteochondral lesions (49%), and labral tears 

(93%). Traumatic hip dislocation was shown to be frequently (20/32, 63%) associated with 

osteochondral impaction fractures [83], which typically result in posttraumatic osteoarthritis.

Different types of regional cartilage injuries have been described on MRI [84]: first, a focal 

cartilage signal abnormality, most consistent with edematous changes related to a contusion; 

second, a cartilage flap or flake fracture with a focal defect (Fig. 8) and a cartilage fragment 

that is attached to the remaining cartilage or separated (loose body); third, a focal 

subchondral fracture associated with cartilage damage; and, finally, osteochondral fractures, 

which are the most severe injuries and include a fragment containing both cartilage and 

bone. The latter may be associated with hip dislocation. Typically, acute cartilage injury is 

associated with the bone marrow edema pattern, labral tears, and joint effusion. The 

diagnostic performance of MRI for cartilage injuries is not as high in the hip as it is in the 

knee; in a recent study using arthroscopy as a standard of reference, 29% (4/14) of 

posttraumatic osteochondral lesions were missed on MRI [82].

Degenerative Changes

Although the definition of hip osteoarthritis is typically based on radiographs, focal cartilage 

loss is one of the key features of degenerative joint disease [85]. Teichtahl et al. [86] recently 

reviewed cartilage structural changes in adults (age range, 50–85 years) with and without hip 

osteoarthritis in a community-based setting. The diagnosis of hip osteoarthritis was based on 
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radiographic evidence (Kellgren-Lawrence grade ≥ 2) and clinical symptoms. Although 

subjects with osteoarthritis showed significantly more cartilage lesions, a high number of 

cartilage lesions were also found in asymptomatic subjects. At the femoral head, most 

lesions were found in the central superolateral region (17/19, 89.5%) in osteoarthritis 

subjects, whereas asymptomatic individuals typically had lesions in the central inferomedial 

region (67/141,47.5% ) followed by the superolateral region (45/141, 31.9%). Subjects with 

osteoarthritis had lesions in more than 50% at all sites of the femoral head, whereas healthy 

individuals rarely had lesions in the anterior and posterior regions. Acetabular lesions were 

found in nearly all osteoarthritis patients—in particular, in the central superolateral and 

anterior regions (89.5%’ and 94.7%, respectively); however, on average, lesions of the 

acetabular cartilage were found in only 25–30%’ of the healthy subjects. Bone marrow 

abnormalities were found frequently in osteoarthritis subjects but rarely in healthy 

individuals. This study is of substantial importance because it shows a high prevalence of 

cartilage lesions in asymptomatic elderly subjects without signs of osteoarthritis; cartilage 

lesions, however, may be more typical for patients with osteoarthritis if the lesions are 

located in the acetabulum or if they are associated with bone marrow abnormalities. Figure 9 

shows the typical location of cartilage defects in the central, superolateral, and anterior 

regions of the acetabulum in a patient with moderate hip osteoarthritis.

MRI also has an important indication in subjects with a radiographic diagnosis of hip 

osteoarthritis: It provides additional information that may impact the decision about whether 

to perform TH A. Currently most patients undergoing THA have only moderate 

osteoarthritis based on radiographs [87]. Additional more detailed information about the full 

extent of degenerative disease affecting the articular cartilage, bone marrow, labrum, and 

synovium may better help select patients for THA. Clearly, larger clinical trials providing 

evidence about how MRI could impact indications for THA are required.

Although a relatively high percentage of individuals with cartilage defects are asymptomatic 

[86], these degenerative changes may become symptomatic later in life. Given that 

macroscopic cartilage defects are considered irreversible, changes in the cartilage matrix 

ideally should be diagnosed even before focal cartilage lesions occur on a macroscopic 

scale. This additional information may be provided by compositional imaging using MRI 

techniques at earlier stages of degeneration when the changes would still be reversible [56, 

76].

Subburaj et al. [57] showed significant differences in cartilage T1rho and T2 relaxation 

times in younger subjects with FAI and in those without FAI, particularly in the 

anterosupeiior region; these results document the potential role of compositional techniques 

in the diagnosis of degenerative disease in the early stages [57]. Because these techniques 

provide information about the biochemical composition of cartilage, they may be used as 

biomarkers to evaluate cartilage quality and the risk of developing osteoarthritis, similar to 

bone mineral density measurements that are used to predict osteoporotic fractures.

Compositional techniques could also allow physicians to monitor the effects of therapeutic 

interventions. Currently, these interventions include lifestyle modifications to prevent 

osteoarthritis and arthroscopic surgery for FAI. Intraarticular and oral pharmacotherapies 
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that may eventually provide effective treatment and halt the progression of osteoarthritis are 

under development.

Insufficiency Fractures

Subchondral insufficiency fractures of the hip have been identified as a cause of accelerated 

osteoarthritis [88]. Subchondral insufficiency fractures are typically found in older female 

patients with increased bone fragility. They may be associated with steroid use, radiation 

therapy, renal transplantation, and inflammatory arthropathies. This entity is distinct from 

avascular necrosis and characterized by subchondral collapse of the superolateral segment of 

the femoral head.

Characteristic MRI findings of subchondral insufficiency fractures include a low-signal-

intensity band on T1- and T2-weighted images in the subchondral bone adjacent or parallel 

to the articular surface that is associated with an extensive surrounding bone marrow edema 

pattern [89]. High signal intensity proximal to the low-intensity band on fluid-sensitive 

sequences may help differentiate this entity from avascular necrosis [37], but sometimes a 

focal fracture deformity of the femoral head and a low-intensity band fused with the 

subchondral bone are detected simultaneously, as shown in Figure 10. Subchondral 

insufficiency fractures are frequently associated with focal cartilage defects, particularly if 

subchondral collapse is present, which leads to progressive osteoarthritis and frequently to 

total joint arthroplasty. The size of the cartilage defect is directly related to the prognosis and 

outcome of the patients: Large defects (mean ± SD, 29 ± 11.8 mm) are seen in patients with 

disease that progresses to THA, whereas patients with small defects (14 ± 8.5 mm) have a 

better prognosis and require THA less frequently [9].

Summary and Conclusion

Because detection and quantification of regional cartilage abnormalities are critical for the 

guidance of operative and nonoperative management of hip disorders, radiologists should be 

familiar with imaging and analysis techniques for assessing hip cartilage. In this article, we 

presented state-of-the-art and evolving imaging techniques for the evaluation of hip cartilage 

and discussed currently available semiquantitative and compositional analysis methods. We 

also focused on typical disease entities that are associated with cartilage damage and 

highlighted the typical imaging features of these lesions.
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Fig. 1—. 
Left hip of healthy volunteer. (Courtesy of Han M and Krug R, University of California at 

San Francisco, San Francisco, CA)

A–C, Sagittal (A), coronal (B), and obligue axial (C) reformation images (slice thickness, 2 

mm) of 3D intermediate-weighted fast spin-echo seguence (Cube, GE Healthcare) originally 

obtained with 0.8 × 0.8 × 0.8 mm3 isotropic spatial resolution and 7-minute acguisition time. 

In this study, both acetabular cartilage and femoral cartilage are well delineated.
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Fig. 2—. 
Right hip of 50-year-old woman with osteoarthritis.

A and B, Spoiled T2*-weighted MERGE (Multiple Echo Recombined Gradient Echo, GE 

Healthcare) image (A) and 2D intermediate-weighted fast spin-echo (FSE) image (B). 

MERGE image provides good separation of acetabular cartilage and femoral cartilage; 

however, both partial-thickness focal acetabular cartilage lesion (long arrow, B) and 

cartilage signal inhomogeneity (short arrows, B), which are clearly shown on 2D FSE 

image, are insufficiently depicted on MERGE image.
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Fig. 3—. 
T1rho color maps of acetabular cartilage and femoral cartilage. (Courtesy of Samaan M and 

Souza RB, University of California at San Francisco, San Francisco, CA)

A and B, Composite T1rho color maps of both acetabular cartilage and femoral cartilage of 

left hip obtained in sagittal plane in healthy 35-year-old control subject (A) and 30-year-old 

woman with early hip osteoarthritis (B). T1rho values are elevated (yellow, orange, and red) 

in weight-bearing regions of osteoarthritis patient (in particular, in superolateral and 

superomedial acetabular and femoral cartilage), indicating changes in regional proteoglycan 

composition. Also note that patient (B) does not have joint space narrowing and that joint 

space appears mildly widened compared with control subject (A); joint space widening in 

patient potentially reflects cartilage swelling. Blue and green = normal T1rho values.
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Fig. 4—. 
Coronal 2D fat-suppressed intermediate-weighted fast spin-echo image of right hip of 42-

year-old woman with degenerative disease of hip and femoroacetabular impingement. 

According to score obtained using SHOMRI (scoring hip osteoarthritis with MRI) scoring 

system [21], femoral cartilage is separated into four subregions and acetabular cartilage into 

three subregions in coronal image. There is full-thickness acetabular cartilage loss with 

diameter of 10 mm (white arrows) in superolateral subregion, which would be scored as 

grade 2 lesion according to SHOMRI. There is also subchondral cyst (black arrow) in 

superolateral region. Findings were arthroscopically confirmed. Long lines show separate 

lateral, superolateral, and superomedial regions, and short lines = indicate foveal regions.
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Fig. 5—. 
MR arthrography of right hip of 40-year-old man with clinical diagnosis of 

femoroacetabular impingement (FAI).

A, Coronal T1-weighted fat-suppressed (FS) fast spin-echo (FSE) image shows focal 

cartilage defect (long arrow) at acetabular cartilage in direct proximity to labral insertion and 

osteophyte (short arrow) at margin of femoral head.

B, Coronal T1-weighted FS FSE image shows additional cartilage delamination at 

acetabulum (long arrow) and marginal osteophytes (short arrows).

C, Oblique axial intermediate-weighted FS FSE image shows typical deformity (asphericity) 

of femoral head with prominence at head-neck junction (long arrow) along with diffuse 

cartilage loss (short arrows). Patient underwent arthroscopic FAI surgery, which verified 

cartilage delamination.
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Fig. 6—. 
MR arthrography of left hip of 26-year-old man with clinical diagnosis of femoroacetabular 

impingement.

A and B, Unenhanced coronal intermediate-weighted fat-saturated fast spin-echo (FSE) MR 

arthrograms obtained at 1.5 T (A) and at 1.5 T, unehanced 3-T MRI, and arthroscopy at 3T 

(B) show area of bright signal intensity along superior acetabulum with adjacent darker 

hypointense cartilage (arrow) consistent with delamination.

C, Sagittal intermediate-weighted fat-saturated FSE image obtained at 3 T shows findings 

(arrows) similar to coronal images (A and B).
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D, Arthroscopic image shows acetabular cartilage delamination (arrows) with injured 

cartilage layer being débrided by arthroscopic biter (asterisk).
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Fig. 7—. 
Cartilage delamination in 55-year-old man with clinical signs of femoroacetabular 

impingement.

A, Sagittal intermediate-weighted fat-saturated fast spin-echo (FSE) image obtained at 3 T 

shows abnormal cartilage at acetabulum with bright signal intensity along subchondral bone 

and layer of darker hypointense cartilage covering this area (arrows).

B, Arthroscopic image shows acetabular cartilage delamination at chondrolabral junction as 

pressure applied to labrum by arthroscopic probe (asterisk) causes positive wave sign to 

underlying delaminated cartilage (arrows).
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Fig. 8—. 
Axial intermediate-weighted fat-suppressed fast spin-echo image of right femoral head 

shows posttraumatic focal cartilage defect (long arrow) at posterior aspect of femoral head 

with some adjacent mild bone marrow signal abnormalities (short arrow).
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Fig. 9—. 
42-year-old man with moderate hip osteoarthritis characterized by joint space narrowing.

A and B, Sagittal (A) and coronal (B) intermediate-weighted fat-suppressed fast spin-echo 

images show diffuse cartilage loss in weight-bearing central and anterior regions of 

acetabulum (arrows, A) and in superolateral region (short arrows, B). Also, note labral tear 

(long arrow, B).
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Fig. 10—. 
Sagittal intermediate-weighted fat-suppressed fast spin-echo image of 65-year-old woman 

shows femoral head subchondral insufficiency fracture (long arrows) and joint space 

narrowing. Diffuse cartilage lossisseen in weight-bearing central and anterior regions of 

acetabulum and femoral head (short arrows). There is also mild bone marrow edema pattern 

in femoral head adjacent to fracture.
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