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PREFACE to the Third Edition


The third edition has finally arrived.


The same simple book is modestly revised.


The text has changes, but very slight.


But images have been added to make right.


MRI, CT and Ultrasound images are arranged next to the plain film--to explain the change.


We still believe that the plain film is the start of the workup of arthritis--the important part.


My thanks to Don Flemming and his partner in crime.


They did all of the work, despite lack of time.


I now continue to advise, consult and teach.


I pray you all success--for I’m also a priest.




Anne C. Brower













PREFACE to the Second Edition


The second edition of “Black and White”


Is still quite simple and hopefully right


For all of its readers to use as a guide


To observe the joint where disease might hide.


The changes made are relatively few.


“Approach to the Foot” in Section I is new.


MR is revisited in greater detail


Yet compared to plain film, it still seems to pale.


An associate is added-Don Flemming his name


With enthusiasm and energy to this book he came.


He wrote, he edited, and better x-rays found.


His constant support was always around.


And now it’s my hope that there will be space


In your office, your shelf, or some other place


For this book to be opened and frequently used


So problems in arthritis become easily defused.




Anne C. Brower













PREFACE to the First Edition


This book is the result of requests from many residents who have heard my simplistic approach to the radiographic diagnosis of arthritic disease. All of the material in the book has been printed in some form in other books. The purpose of this work is to provide a small, practical book organized so as to allow relative ease in accurate diagnosis of arthritic disease through the radiograph. It is designed for practicing general radiologists, family practitioners, internists, and rheumatologists to use in day-to-day practice.


It is entitled Arthritis in Black and White to indicate that (1) it deals with arthritis as seen on the radiograph, and (2) it is a very basic, simple book illustrating the hallmarks of the more common arthropathies. It is not meant to be an extensive reference book; it does not illustrate all of the radiographic aspects of arthritic disease. It illustrates only the hallmarks of the arthropathies, not the deviations or "gray zones" of the various arthropathies.


The radiographic diagnosis of arthritic disease depends upon the excellence and appropriateness of the image obtained, as discussed in the first chapter of this book. The role of all imaging modalities is presented. Today, however, the plain film radiograph remains the imaging modality of choice. Therefore, the focus of this book centers on plain film interpretation.


The book is designed to be used easily and quickly in approaching any radiograph obtained on unknown arthritic disease. For the reader’s convenience the book is divided into two sections. The first section illustrates an approach to analyzing the radiographic changes in a specific join and the common arthropathies that produce those changes in that particular joint. The second section illustrates the radiographic hallmarks of each of the common arthropathies. Thus the book might be used in the following way: When analyzing the radiograph of a knee on which the referring physician has questioned the possibility of rheumatoid arthritis, the user may turn to the chapter on rheumatoid arthritis in Part II and observe the hallmarks of the rheumatoid arthritis as it presents in the knee. If the problem radiograph does not fit the hallmarks of rheumatoid arthritis, the user may then turn to the chapter on the knee in Part I and through the approach described arrive at the appropriate diagnosis.


The radiographic diagnosis of arthritic disease is a difficult subject. I can only hope that this book will provide an easy starting place for the interested physician. However, I am reminded of a paragraph written by F. Spilsbury in 1774:





The disorder termed the Gout is difficult to cure, and occasions exquisite pain and uneasiness to the patient, and trouble and perplexity to the physician to discover the nature, cause and a remedy for this excruciating malady; books upon books have been wrote in different ages by men of ingenuity and learning, and much practice without the desired amendation, as might reasonably be hoped for from their abilities and experience; that I am almost disheartened from throwing in my mite, did not the desire of relieving preponderate, therefore shall give my thoughts on the subject, crude and barren as they are.







Anne C. Brower
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1 Imaging Techniques and Modalities


Evaluation of any articular disorder involves imaging the affected joints with the most appropriate modality. Imaging documents not only the extent and severity of joint involvement but also the progression or regression of disease. More importantly, in the patient who presents with vague, complex, or confusing clinical symptoms, imaging often allows a specific diagnosis to be made. The modalities available for imaging are radiography, magnetic resonance imaging, ultrasonography, computed tomography, and bone scintigraphy. The role that each of these modalities may play in the evaluation of the patient with articular disease is discussed.






Radiography


Evaluation of articular disease should begin with the radiograph, which is the best modality to evaluate accurately any subtle change occurring in the bone. If high quality radiographs are obtained in properly positioned patients, accurate evaluation can often be made without further studies. The vast majority of modern radiology departments use computed radiography (CR) or digital radiography (DR) imaging equipment rather than film screen systems. Digital images from either of these modalities have lower spatial resolution than film screen systems but have comparable sensitivity to film for the detection of erosions and offer superior evaluation of the soft tissues. Tight collimation and proper exposure are critical for the optimization of a digital radiograph, and the imaging of both hands simultaneously on a large cassette or detector should be avoided with these systems. Digital radiography should be optimized with vendor-specific reconstruction algorithms and exposure factors. Optimum digital image quality can be dependent on the picture archival and communication system (PACS system) accepting vendor-specific correction factors, so the compatibility of imaging equipment and the PACS system should be verified at the time of equipment purchase and after any equipment software upgrade.


Evaluation of a digital image at a workstation is optimized by using high quality, high resolution, lumens balanced monitors that are calibrated frequently. Digital images, particularly of the hands and feet, should be magnified, panned, windowed, and leveled to be completely assessed.


For those departments still using film, the high quality study demands that high resolution, fine detail imaging system be used, especially in the extremities, to detect subtle disease. There are numerous film–screen combinations available, and the system used depends upon the individual radiography department. Generally, the lower the system speed, the higher the resolution. Most departments employ a single screen–film combination with system speeds of 80 to 100 for this necessary resolution.


The symptomatic joint should be imaged in appropriate positions. It should be radiographed in at least two different projections. Although one view may appear entirely normal, a second view taken at 90-degree angle to the first view may show significant abnormality (Fig. 1-1). Special views are available and should be used when imaging specific joint articular diseases. The important positions for several of the joints commonly imaged are discussed hereafter.





[image: image]

Figure 1-1 A, PA view of the metacarpals fails to reveal any significant bony abnormality. B, Lateral view of the same hand (taken at 90 degrees to the PA view) shows a fracture through the proximal end of the shaft of the third metacarpal (arrow).








Hand and Wrist


The posterior (PA) and Nørgaard views of the hands and wrists provide the most information if only two views are to be obtained. The PA view gives information on mineralization and soft tissue changes. The Nørgaard view is used to demonstrate early erosive disease. The Nørgaard view is an anterior-posterior oblique view, or the oblique view opposite that which is routinely obtained. It has been described as the “You’re in good hands with Allstate” or “ball-catcher’s” view. It profiles the radial aspect of the base of the proximal phalanges in the hand and the triquetrum and pisiform bones in the wrist (Fig. 1-2). The earliest erosive changes of any inflammatory arthropathy begin in these areas. Erosive changes occur between the triquetrum and pisiform before they occur around the ulnar styloid process (Fig. 1-3). The Nørgaard view will also reveal the reducible subluxations of inflammatory arthropathies and systemic lupus erythematosus, as the fingers are not rigidly positioned by the technician in this view (Fig. 1-4).





[image: image]

Figure 1-2 Nørgaard view of the hand. The blackened areas are those areas imaged specifically on this view to demonstrate the earliest erosive changes and inflammatory disease.
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Figure 1-3 Nørgaard view of the hand demonstrating early erosive changes at the base of the second proximal phalanx, the base of the fourth and fifth metacarpal and the triquetrum as it articulates with the pisiform (arrows).
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Figure 1-4 A, PA view of the hand in lupus, demonstrating minimal subluxation of the second proximal interphalangeal and metacarpal phalangeal joints. B, Nørgaard view of the same hand in which the fingers are not rigidly positioned. Extensive subluxations become apparent.











Foot


The anteroposterior (AP), oblique, and lateral views of the foot are usually obtained. One must be sure to obtain a high quality radiograph of the calcaneus in the lateral view. Observation of the attachments of the plantar aponeurosis and Achilles tendon is important in many of the arthropathies (Fig. 1-5).





[image: image]

Figure 1-5 Lateral view of the calcaneus showing erosive changes as well as bone productive changes on the inferior aspect of the calcaneus at the attachment of the plantar aponeurosis.


(From Brower AC: The radiographic features of psoriatic arthritis. In Gerber L, Espinoza L, editors: Psoriatic arthritis,Orlando, FL, 1985, Grune & Stratton, p. 125, reprinted with permission.)












Shoulder


Anteroposterior views of the shoulder should be obtained in true external and internal rotation. Erosive changes can usually be identified in at least one of these views. External rotation is best for demonstrating the presence of osteophytes. Internal rotation demonstrates the traumatic lesion of the Hill-Sachs defect. Location of tendon calcification can be determined by observing change in the position of the calcification between the internal and external rotation. The straight AP view does not image the true glenohumeral joint. In order for this joint to be imaged accurately, the patient should be placed in a 40-degree posterior oblique position (Fig. 1-6).





[image: image]

Figure 1-6 A, Normal AP view of the shoulder. B, AP view of the shoulder taken in 40-degree posterior oblique position. This allows accurate evaluation of the glenohumeral joint.











Knee


The AP radiograph of the knee should be obtained in the standing position. This allows for accurate evaluation of loss of cartilage. If the patient is not standing, then the medial and lateral compartments may appear perfectly normal (Fig. 1-7). In the standing position there may be asymmetry between the medial and lateral compartments, but unless the joint space measures less than 3 mm, cartilage loss is not the cause. The discrepancy between the compartments may be secondary to ligamentous instability. The standing AP view demonstrates displacement of the tibia on the femur and any pathologic degree of varus or valgus angulation. The knee should also be radiographed in a nonstanding lateral flexed position. This allows evaluation of the patellofemoral joint space as well as identification of an abnormal position of the patella. If the knee is flexed 45 degrees or more, then medial and lateral compartment narrowing can also be observed. On the lateral view, the medial plateau is the white line that curves downward; the lateral plateau is a white line that goes straight across or curves upward (Fig. 1-8).
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Figure 1-7 A, Standing AP view of the right knee. This view demonstrates near-total loss of the medial compartment joint space. B, Tabletop AP view of the same knee. Despite non-weight-bearing position, there is slight loss of the medial compartment with secondary osteoarthritic changes.
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Figure 1-8 Lateral view of the knee. The medial tibial plateau is the alignment curves downward (arrow) and the lateral plateau is a line that goes straight across (arrowhead).











Hip


The hip is usually radiographed in the AP and frog leg positions. In the AP view the hip is internally rotated to image the femoral neck to its fullest advantage. In the frog leg lateral view the hip is abducted. In this view, the anterior and posterior portions of the femoral head are imaged. This view is most important in evaluating underlying osteonecrosis. Although the entire head may appear to be involved on an AP view, the frog leg lateral view may demonstrate the abnormality to be limited to either the anterior or posterior section of the head. It is also the frog leg lateral view that demonstrates a subchondral lucency of osteonecrosis. In many patients, a vacuum phenomenon in the joint will be produced in the frog leg lateral view, helping to exclude the presence of synovial fluid. The vacuum phenomenon may also help in the evaluation of the cartilage present (Fig. 1-9).





[image: image]

Figure 1-9 Frog leg lateral view of the hip. A vacuum phenomenon has been introduced into the joint space (arrows) and allows evaluation of the thickness of the cartilage present. The cartilage is thinner in the posterolateral aspect of the hip joint in this patient with osteoarthritis.











Sacroiliac Joints


The modified Ferguson view is the only view necessary to evaluate the sacroiliac joints (Fig. 1-10). The patient is placed in a supine position and when possible, the knees and hips are flexed. The x-ray tube is centered on L5 to S1 and then angled 25 to 30 degrees toward the head. If it is angled too steep, the pubic symphysis will overlie the sacroiliac joints and obscure them, preventing accurate evaluation. The modified Ferguson view brings into profile the anterior/inferiormost aspect of the sacroiliac joints. It is this part of the joint that is most frequently affected in any disorder of the sacroiliac joints. Ninety percent of the time this view provides the clinician with an image that can be accurately evaluated. Computed tomography and magnetic resonance imaging (MRI) may also be used if the pelvic soft tissues cause a problem in the plain film radiograph.





[image: image]

Figure 1-10 A, Normal AP view of the sacroiliac joints. Osteoarthritic changes are present in the right sacroiliac joint. The left sacroiliac joint appears ankylosed. B, AP Ferguson view of the same sacroiliac joints. The inferiormost aspect of the sacroiliac joint on the left side is normal; therefore, there is no ankylosis present. The apparent ankylosis is caused by a huge osteophyte that extends from the ilium across the sacroiliac joint the sacrum.


(From Brower AC: Disorders of the sacroiliac joint, Radiolog 1(20):3, 1978; reprinted by permission.)












Cervical Spine


The lateral flexed view of the cervical spine is the single most important radiograph in the evaluation of cervical spine disease. Flexion opens the apophyseal joints and allows accurate observation of erosive disease. It demonstrates significant subluxation of one vertebral body on another. It also demonstrates abnormal laxity of the transverse ligament, which holds the odontoid adjacent to the atlas (Fig. 1-11). This finding is common in all inflammatory arthropathies but especially in rheumatoid arthritis.





[image: image]

Figure 1-11 A, Lateral view of the upper cervical spine taken in extension. There is no evidence of subluxation. B, Lateral view of the same cervical spine taken in flexion. The distance between the odontoid and the atlas is increased to greater than 3 mm (caliper line). This indicates subluxation secondary to laxity of the transverse ligament.











Diagnostic Radiographic Survey


The distribution of the joint involvement is key to the diagnosis of the specific arthropathy. Therefore, it is also necessary to obtain radiographs of more than just the symptomatic joint. Simple radiographic surveys can be performed, tailored to the working clinical diagnosis. For example, if ankylosing spondylitis is the working diagnosis, then the survey should be tailored to the axial system; if rheumatoid arthritis is the working diagnosis, then the survey should be tailored to the appendicular system. For the patient with vague articular complaints that fit no specific pattern, the following “poor man’s” survey would be appropriate:




1. Posteroanterior and Nørgaard views of both hands to include both wrists


2. Anteroposterior standing view of both knees


3. Anteroposterior view of the pelvis


4. Lateral flexed view of the cervical spine





This survey will provide sufficient diagnostic information while exposing the patient to a relatively low dose of radiation at a reasonable cost.












Magnetic resonance imaging


Magnetic resonance (MR) imaging has made a major impact on the detection and evaluation of joint-based disease and is the most important imaging technique after radiography. This modality offers accurate, noninvasive assessment of pathology affecting joints, bone marrow, soft tissues, and the spine. It offers many advantages when compared to plain radiographs, including superior evaluation of soft tissues, marrow, and cartilage; lack of ionizing radiation; multiplanar evaluation of joints too difficult to image by plain radiography (e.g., temporomandibular joints and spine); and, if a contrast agent is necessary, an alternative agent (gadolinium) for individuals sensitive to iodine. The clinical and research use of MR imaging in the evaluation of arthropathies has expanded rapidly in an effort to exploit these advantages.


However, the advantages of MR imaging of the joint must be balanced against the cost of the examination, the length of the examination, and the discomfort for the patient. The use of MR in the evaluation of arthropathies can be separated into two categories: (1) assessment of complications of arthropathies, and (2) verification of an arthropathy and assessment of response to treatment. The use of MR in the primary evaluation of synovitis, detection of early erosions, and status of the articular surface is much more common now than it was 10 years ago. The problem with MR from a diagnostic perspective is that the examination is sensitive but not necessarily specific for the diagnosis of arthropathies. MR images should always be correlated with available radiographs whenever possible.


The inherent contrast resolution of MR offers the opportunity to evaluate the synovium, bone marrow, cartilage, soft tissues (ligaments, tendons, and muscle), and spine.






MR: Synovium


MR imaging can demonstrate disease of synovial-lined structures including synovitis, tenosyn-ovitis, synovial cyst, and bursitis. The majority of these findings have been most extensively studied in rheumatoid arthritis but can be seen in any of the inflammatory arthropathies, infection, and even osteoarthritis. The MR demonstration of synovitis may be very important to the rheumatologist, if the physical examination is equivocal in establishing the diagnosis of an inflammatory arthritis or determining the effect of a particular treatment regimen on the synovium. Some investigators say that they can differentiate synovium from effusion on noncontrast spin echo images. Normal synovium is usually imperceptible on MR. Hypertrophied synovium may demonstrate intermediate signal on T1-weighted images relative to the low signal of joint effusion and show intermediate signal on T2-weighted images compared to the relatively high signal effusion (Fig. 1-12).





[image: image]

Figure 1-12 Fat-suppressed fast spin echo (FSE) T2-weighted sagittal image of the knee in rheumatoid arthritis. The hypertrophied synovium (arrows) demonstrates lower signal than the surrounding high signal effusion.




However, frequently synovitis cannot be differentiated from effusion without the use of intravenous gadolinium. Active synovitis enhances with the administration of gadolinium (Fig. 1-13), but the affected joint must be imaged immediately, as gadolinium will diffuse into the joint if imaging is delayed. This rapid diffusion of gadolinium precludes postcontrast imaging of joints outside the initial field of view.





[image: image]

Figure 1-13 A, PD-weighted FSE fat-saturated axial image of the knee in rheumatoid arthritis shows high signal in the joint space. It is difficult to determine if this is effusion or synovitis. B, T1-weighted fat-saturated axial image following intravenous gadolinium administration shows enhancement of extensive synovitis (arrows).




Nonspecific synovitis is usually intermediate in signal on T1- and T2-weighted images. When the synovium is low in signal on T2-weighted images, the differential diagnosis becomes limited to the following: pigmented villonodular synovitis (PVNS), calcified synovial chondromatosis, hemophilia, amyloidosis, and chronic rheumatoid arthritis. The typical MR appearance of PVNS is foci of intermediate to low signal within the synovium, secondary to hemosiderin deposition, on T1- and T2-weighted images (Fig. 1-14). The diagnosis of synovial chondromatosis is suggested by the MR appearance of noncalcified loose bodies demonstrating intermediate signal on T1-weighted images and high signal on T2-weighted images (Fig. 1-15).
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Figure 1-14 T1-weighted (A) and fat-saturated T2-weighted (B) sagittal images of the knee. Nodular mass (arrows) arising from the synovium demonstrates intermediate and low signal on T1-weighted images. The masses demonstrate predominantly low signal on T2-weighted images. The findings are classic for PVNS.
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Figure 1-15 A, Lateral radiograph of the knee of synovial chondromatosis. Multiple ossific bodies are seen throughout the knee joint. B, T2-weighted fat saturated sagittal image demonstrates the multiple lobular, low signal bodies (arrows) outlined by high signal fluid.











MRI: Bone Marrow


MRI is exquisitely sensitive at detection of abnormalities of the bone marrow including erosions, osteonecrosis, fracture, and infection. Additionally, MRI detects these abnormalities earlier than plain radiography.


MR imaging has been shown to be superior to plain radiography for the detection and quantification of erosive disease particularly in the hands, wrists, and feet. Acute erosive disease is usually accompanied by synovitis. Erosions are best appreciated on T1-weighted images as interruption of subchondral bone and focal intermediate to low signal replacement of the adjacent bone marrow (Fig. 1-16). Fat-suppressed T2-weighted images should be evaluated for the presence of edema-like changes in the bone marrow adjacent to erosive disease. This finding heralds the progression of disease that can be later detected by radiography even with the administration of effective therapy (Fig. 1-17).





[image: image]

Figure 1-16 A, Coronal T1-weighted image of the wrist in a patient with rheumatoid arthritis. Focal interruptions in cortex are erosions (arrows). B, Some of the erosions seen on MR imaging are clearly visible on AP radiograph of the same wrist (arrows).







[image: image]

Figure 1-17 A, Erosions (arrows) are seen on coronal T1-weighted image of the wrist in a patient with rheumatoid arthritis. B, Fat-suppressed T2-weighted image demonstrates edema-like signal in the bone marrow adjacent to the erosive disease (arrows).




MR imaging offers the earliest and most sensitive detection of osteonecrosis. This is a common complication of systemic loose lupus erythematosus and steroid therapy. The MR signs of avascular necrosis (AVN) have been most extensively studied in the femoral head. The double line sign when seen in the femoral head is considered diagnostic of AVN. The double line sign consists of a linear band of low signal adjacent to a single linear band of high signal on T2-weighted spin echo sequences (Fig. 1-18). Fat signal is frequently preserved in the necrotic segment. Occasionally, the signal seen on T1- or T2-weighted images is nonspecific, depending on the stage of the osteonecrosis imaged, and in such cases the diagnosis of AVN should be made with caution.
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Figure 1-18 T1-weighted (A) and fat-saturated T2-weighted (B) coronal images of the left hip. Thin band of low signal is seen within the femoral head on both images. The wavy line of low signal is bordered by a thin line of high signal on the T2-weighted image, producing the "double line" sign. Fat signal is preserved in bone bounded by the double line sign (arrow). Findings are diagnostic of AVN of the femoral head.




Insufficiency fractures are easily and rapidly diagnosed with MRI. Insufficiency fractures present as a linear band of low signal on T1- and T2-weighted images surrounded by edema. Edema presents as intermediate signal on T1-weighted images and increased signal on T2-weighted images (Fig. 1-19). Insufficiency fractures can be quickly and accurately evaluated with T1-weighted images in the acute setting when osteoporosis hinders observation of such fractures on both plain film and scintigraphic images.
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Figure 1-19 T1-weighted (A) and fat-saturated T2-weighted (B) coronal image of the hip. A linear band of low signal is seen paralleling the acetabular roof (arrows). This linear band is surrounded by intermediate signal on T1-weighted image and high signal on fat-saturated T2-weighted image. The findings are consistent with an insufficiency fracture.




MR imaging has also been used to differentiate neuropathic osteoarthropathy from infection in the foot of a patient with diabetes. The value of MRI is in excluding infection. When no edema is demonstrated within the involved marrow, osteomyelitis can be confidently excluded. However both conditions can produce edema (low signal on T1-weighted images and high signal on T2-weighted images) in the affected marrow, soft tissues, and joint; therefore, they cannot be differentiated when this signal pattern is present. If the soft tissues are intact, then the diagnosis of osteomyelitis is less likely.









MRI: Soft Tissues


MRI is an ideal modality to evaluate the soft tissues of an extremity and to evaluate both the primary manifestations and soft tissue complications of arthropathies. MRI can establish the diagnosis of ruptured tendons and ligaments. The rotator cuff is the most common tendinous structure evaluated by MRI, but other tendons, such as the Achilles and posterior tibial tendons, can be successfully evaluated. Rupture is diagnosed by visualization of discontinuity of the tendon or ligament. The ruptured tendon or ligament is frequently surrounded by fluid, as evidenced by high signal on T2-weighted images (Fig. 1-20).
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Figure 1-20 Fat-saturated T2-weighted coronal image of the shoulder demonstrates a full thickness tear of the supraspinatus tendon with the tendon retracted to the level of the glenoid (arrow). High signal fluid outlines the tendon margin.











MR: Cartilage


MR imaging offers direct imaging of both fibrocartilage and hyaline cartilage. Tears and degeneration of fibrocartilaginous structures, such as the meniscus of the knee, the labrum of the shoulder, and the triangular fibrocartilage complex of the wrist, can be demonstrated with spin echo and gradient recalled echo (GRE) sequences (Fig. 1-21). Direct imaging of the hyaline cartilage is possible particularly in larger joints like the knee. Standard sequences such as fat-suppressed proton-weighted (PD) images may demonstrate chondral disease in larger joints (Fig. 1-22), but imaging of hyaline cartilage can be very difficult due to poor spatial and contrast resolution in small joints such as the wrist. Subtle hyaline cartilage defects, however, may be visualized with the use of intraarticular gadolinium or thin section GRE-type sequences. Cutting-edge MR imaging techniques for evaluation of cartilage include T2 mapping, dGEMRIC imaging, and T1rho sequences but these techniques are not widely used in clinical practice. MR imaging may be particularly useful in children when the epiphyses are largely cartilaginous. Erosion of this cartilage cannot be directly imaged by plain film radiography (Fig. 1-23).
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Figure 1-21 Gradient echo-weighted (A) and fat-saturated T2-weighted (B) coronal images of the wrist demonstrate a central tear in the triangular fibrocartilage disc with fluid in the tear (arrows).
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Figure 1-22 Coronal fat-suppressed proton density-weighted (A) and sagittal fat-saturated T2-weighted (B) images of the knee demonstrate a full thickness articular cartilage defect (arrows) of the lateral femoral condyle.
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Figure 1-23 A, Radiograph of the hips in an adolescent male with juvenile idiopathic arthritis demonstrates enlargement of the femoral heads with lateral joint space narrowing. B, Fat-suppressed coronal spoiled gradient recalled echo image of the left hip demonstrates extensive irregularity and loss of normal high signal femoral and acetabular cartilage (arrows).











MR: Spine


MR imaging of the spine has proven to be clinically useful in the evaluation of complications of systemic arthropathies. Complications of rheumatoid arthritis at the craniocervical junction can be readily assessed, including cord impingement secondary to pannus at the C1-C2 joint, atlantoaxial subluxation, and cranial cervical settling (Fig. 1-24). In fact, any patient with rheumatoid arthritis who develops neurologic symptoms, progressive neurologic symptoms, or progressive radiographic changes in the cervical spine should have MR imaging of the cervical spine. MR imaging of the spine should also be performed in patients with ankylosing spondylitis and discovertebral destruction. In this scenario, as in neuropathic osteoarthropathy, the value of MR lies in excluding infection when no edema pattern is seen within the affected vertebral bodies.
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Figure 1-24 A, Lateral radiographs of the craniocervical junction demonstrate cortical irregularity to the odontoid process of C2 and soft tissue fullness anteriorly. Sagittal T1-weighted (B) and fat-saturated T2-weighted (C) images demonstrates an intermediate T1-weighted signal and heterogeneous intermediate to low signal T2-weighted mass surrounding and infiltrating the odontoid. This represents synovial hypertrophy (arrows) encroaching on the brainstem. Note the erosions of the dens best seen on T1-weighted image (arrowheads).














Ultrasonography


The role of ultrasound in the evaluation and treatment of articular pathology has expanded dramatically in the last 10  years. This modality is inexpensive, patient friendly, and relatively quick in comparison to MR imaging. Unlike MR imaging, multiple and bilateral joints may be rapidly assessed in the same sitting. Ultrasound also can assess some of the soft tissue complications of arthritis including tendon rupture, ligament rupture, cyst formation, and subcutaneous nodules. In addition to providing accurate diagnostic information, ultrasound offers the opportunity to guide aspiration of cysts and direct therapeutic injections without radiation exposure. However, this modality is best used by ultrasonographers who have a clear understanding of joint anatomy and experience in interpreting the findings of disease.


Ultrasound can detect important manifestations of inflammatory arthropathy including synovitis, tenosynovitis, and erosions. Ultrasound evaluation of synovitis is superior to physical examination. Synovitis is detected on gray scale imaging as hyper- or isoechoic material in a joint or tendon sheath (Fig. 1-25). Synovitis can be differentiated from hypoechoic fluid by gently compressing the area of concern. Synovitis is not compressible whereas uncomplicated fluid can be readily displaced by applying pressure with the transducer. Synovitis is readily characterized by power Doppler interrogation with acute synovitis showing hypervascularity as long as the ultrasonographer does not compress the involved tissue with too much force. Power Doppler assessment of joints is so exquisitely sensitive that some authors describe being able to detect the enthesopathic changes of spondyloarthropathies. Erosions can be detected in the small joints of the hands, wrist, and feet, particularly at the dorsal aspect of the metacarpal heads and the distal ulna (Fig. 1-26). Ultrasound can show erosive disease at an earlier stage than can plain radiography, but it cannot assess the entirety of a joint, such as in the wrist, as well as MR imaging can. Ultrasound has become such a powerful adjunct to the evaluation of synovitis and erosive disease that these machines are now found in many rheumatologists’ offices, and ultrasound training is integral to rheumatology fellowship education.
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Figure 1-25 Axial (A) and sagittal (B) ultrasound of the flexor compartment of the wrist with tenosynovitis. Anechoic fluid (arrows) with mild peripheral synovial thickening surrounds the tendons (T). Sagittal image (C) (arrow) shows hyperechoic synovitis in tendon sheath fluid.
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Figure 1-26 Sagittal ultrasound image of a metatarsal phalangeal joint. A focal interruption in the dorsal cortex of the metatarsal head (arrow head) indicates an erosion. Effusion (white arrows) and synovitis (asterisks) are appreciated at the dorsal aspect of the joint.


(Courtesy of Michael Bruno, Hershey, PA.)












Computed tomography


The role of computed tomography (CT) in the evaluation of articular disorders has increased, particularly after the advent of volumetric helical CT scanning and the ability to reconstruct images in any plane. The exquisite detail of erosive changes imaged on a technically well done conventional radiograph is far superior to the bone detail observed on a CT image. However, CT is far superior to plain films for the evaluation of complex areas of anatomy such as the spine and sacroiliac joints (Fig. 1-27). CT and CT arthrography are frequently used to assess articular disorders in patients who cannot have MR imaging because of claustrophobia or implantable medical devices such as pacemakers. Creative uses of CT are being developed. Dual energy CT scanning has been shown to be a viable method of assessing disease activity in patients with gout. Despite the known utility of this modality, CT scanning can be associated with significant patient radiation, so this technique should be used thoughtfully and only when techniques such as MR or Ultrasound (US) imaging cannot be performed.
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Figure 1-27 Axial CT image of the sacroiliac joints demonstrates the bilateral symmetric erosive changes of ankylosing spondylitis.











Bone scintigraphy


Bone scintigraphy may be extremely helpful in evaluating the patient with articular disease. It is useful in three ways: (1) it may confirm the presence of disease, (2) it may demonstrate the distribution of disease, and (3) it may help to evaluate the activity of the disease. Bone scintigraphy is by far the most sensitive indicator of active disease. It will confirm the presence of hyperemia and inflammation that may not be apparent radiographically or on MR images. With careful observation of a high-resolution scintigraphic image of a joint, one may determine the exact location of the active disease. One may be able to distinguish tendinitis from synovitis, or synovitis from a primary bone lesion. While confirming abnormality in one joint, observation of increased activity in other areas of the body may help in making the correct diagnosis. An excellent example is the young adult who shows radiographic erosive changes in one sacroiliac joint. If bone scintigraphy shows increased uptake in that one sacroiliac joint only, infection becomes the working diagnosis. However, if bone scintigraphy shows increased uptake in both sacroiliac joints, reactive arthritis becomes the working diagnosis (Fig. 1-28).
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Figure 1-28 A, AP Ferguson view of the sacroiliac joints demonstrating erosive disease with repair involving the right sacroiliac joint. The left sacroiliac joint appears normal. Unilateral involvement of the right sacroiliac joint is most consistent with infection. B, bone scan of the same patient demonstrating increased activity in both sacroiliac joints. This would indicate involvement of the radiographically normal left sacroiliac joint and change the diagnosis from infection or early reactive arthritis.




Serial bone scintigraphy has also been helpful in evaluating activity of disease at a particular point in time. It may differentiate active disease from disease in remission. In osteonecrosis specifically, it may demonstrate the infarctive stage, the repair stage, and the inactive stage. Bone scintigraphy should be considered an integral part of the evaluation of the patient with articular disease.


Despite the inherent increased sensitivity of three-phase bone scintigraphy when compared to other modalities, the problem with this technique is the lack of specificity. Abnormal findings on scintigraphy have to be correlated with other imaging, which reduces the cost efficacy of the examination. Most rheumatologists and radiologists prefer evaluating arthropathies with radiographs, MR imaging, and ultrasound. However, in experienced hands bone scintigraphy can be a highly effective method of assessing articular disease activity. Future directions in scintigraphic imaging may lie in molecular imaging techniques that have not yet been fully developed.
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Part I


Approach to Radiographic Changes Observed in a Specific Joint










2 Evaluation of the Hand Film


Radiographs of the hands are probably the most informative part of any screening series for arthritis. It is suggested that two views be obtained for evaluation: a posteroanterior (PA) view and a Nørgaard view of both hands and wrists (see Chapter 1). The former is excellent for imaging mineralization and soft tissue swelling; the latter is necessary for imaging early erosive changes. Using these two views, a systematic approach to observation should be employed. One must observe (1) the radiographic changes occurring in a specific joint and (2) the distribution of these changes within the hand and wrist to make an accurate diagnosis.






Radiographic changes


The radiographic changes occurring around a specific joint to be evaluated are soft tissue swelling, subluxation and dislocation, mineralization, calcification, joint space narrowing, erosion, and bone production. Each arthropathy has its own characteristic set of changes.






Soft Tissue Swelling






Symmetrical Swelling Around an Involved Joint (Fig. 2-1)


Symmetrical soft tissue swelling around a joint is a manifestation of synovitis. Soft tissue swelling is more readily appreciated with digital radiographic techniques than with film screen systems. Symmetrical swelling is most easily evaluated around the interphalangeal (IP) joints and wrist but can also be appreciated around the metacarpal phalangeal joint with careful evaluation. This type of swelling may be seen in any of the inflammatory arthropathies but is most common in rheumatoid arthritis.





[image: image]

Figure 2-1 AP radiograph (A), T1-weighted coronal (B) and fat-suppressed T2-weighted coronal MR image (C) demonstrate symmetrical soft-tissue swelling (arrows) around the third PIP joint.











Asymmetrical Swelling Around an Involved Joint (Fig. 2-2)


Asymmetrical swelling may not be actual soft tissue swelling, but rather soft tissue asymmetry due to subluxation or an osteophyte. The osteophyte may have a nonopaque cartilage cap that distorts the soft tissue. This swelling is seen in osteoarthritis and erosive osteoarthritis. Such swellings around the distal interphalangeal (DIP) joints are called Heberden nodes and around the proximal interphalangeal (PIP) joints are called Bouchard nodes.
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