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Abstract

Ultrasonography is a common tool for clinicians to evaluate abdominal, cardiac or gynecological
problems for decades but the musculoskeletal ultrasonography is gaining increased acceptance at the
beginning of the 21* century . It has been shown to be more sensitive than physical examination or
plain radiography. It is a quick, handy and versatile tool bringing the rheumatologist in close contact
with the patient enhancing detailed integration of clinical and imaging findings. The musculoskeletal ul-
trasonography offers an accurate and immediate image with lower cost and higher patient acceptabil-
ity in the diagnosis and follow-up of most rheumatic diseases. This paper reports the evidence for the
application of musculoskeletal ultrasonography in rheumatology. ( J Intern Med Taiwan 2007; 18: 332-

341)
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Introduction

The musculoskeletal ultrasonography is charac-
terized by theflexible, repeatable and real -timeimag-
ing for clinical diagnosis, monitoring and interven-
tion of rheumatologic practice. The high-resolution
image with innovative features such as tissue har-
monics power Doppler technology improves the di-

agnostic capability **. Because of the wide availabil-
ity of the computed tomography (CT scan) and mag-
netic resonance imaging, the musculoskeletal ultra-
sonography has been underutilized in Taiwan. It is
available on aroutine basis at only alimited number
of facilities. Most rheumatologic training courses do
not include thismodeality aspart of their curriculum®®,
Ascost constraintsin health insurance affect clinical
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management decisions, the musculoskeletal ultra-
sonography may become the preferred method over
more expensive examinations. In thisreport, we de-
scribe the broad spectrum of clinical applications of
sonography and the advantages of integrating this
technology into everyday rheumatol ogy clinical prac-
tice.

Rheumatoid arthritis

Rheumatoid arthritis (RA) is a chronic inflam-
matory arthritis. A more possible RA diagnosis
could be madewhen marginal erosionsareidentified
in the characteristic symmetric distribution on ra-
diographs. Sometimes, diagnosis may be delayed
due to the limited sensitivity of small erosions with
conventional radiography or incorrect clinical diag-
nosis of mono-, oligo- and polyarthritis. The pres-
ence of joint effusion under ultrasonography is a
valuable indicator of active joint disease. The clas-
sification criteriaof RA and the clinical diagnosis of
mono-, oligo- and polyarthritiswill probably need to
be re-evaluated in the future due to the more
widespread use of ultrasosnography®. Marginal ero-

sions areidentified as crater-like defects in the bony
contoursalong theedgesof thearticular cartilageand
ultrasound has been shown to be almost 7-fold more
sensitive than plain radiography in the early diagno-
sis of rheumatoid erosions’. As aresult, diagnosis
may be made earlier by using muscul oskeletal ultra-
sonography and joint destruction can be prevented
with proper treatment in advance.

The musculoskeletal ultrasonography helpsin
localizing the fluid collectionsin small joints (prox-
imal interphalangeal joints or metatarsal -phalangeal
joints) or large joints (hip and knee joints) to be as-
pirated successfully. Usingultrasonography toguide
aspiration produced a 3-fold increase in the rate of
successful aspiration compared with conventional
aspiration of the peripheral joints®. Monitoring of
therapy by ultrasound is another promising field.
Quantitative estimates of joint effusion and prolifer-
ation are valuable for objective assessment of the
severity of kneejoint synovitis’ (Fig. 1).

With the explosion of drug development for
RA, many new approacheswere devel oped for mon-
itoring the impact of therapy. Several recent stud-

Fig.1.Sonographic imaging of knee joint synovitis in rheumatoid arthritis patients; (a) Longitudinal scan through supra-
patellar (patient recumbent) shows villo-nodular pattern (arrows); (b) Longitudinal scan through medial parapatellar
shows uniform hypertrophic synovium and intense enhancement with power Doppler (arrow) and (c) Pre-patellar
bursitis. Longitudinal section over the anterior aspect of the knee shows the fluid-filled bursa (arrows) lying ante-
rior to the patella and patellar tendon (PT).
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ies used ultrasound to evaluate RA joints
These approaches can be divided into use of B-mode
(gray-scale) ultrasound versus use of Doppler tech-
niques, and also based on the method for assessing
changes (qualitatively like absence or presence), se-
mi-quantitatively (scoring), or quantitatively (mea-
surement of thickness or use of an index) “. All
methods involve some degree of subjectivity and
the standardization was not yet determined . Ultra-
sound could be a method for monitoring the in-
flammation of finger joints in rheumatoid arthritis
in the future.

Power Doppl er adds considerabl e advantagesto
standard musculoskeletal ultrasonography and al-
lows imaging of smaller degrees of synovitiswith a
reported accuracy equal todynamic MRI . Increased
microvascular blood flow by visualizing the move-
ment of blood cells within a vessel under power
Doppler is an evidence of synovial inflammation ™
(Fig. 1). This increased vascularity may lead to in-
creased perfusion and thus to hyperemia™. Breidahl
et al. examined 39 patinets with joint effusions and
foundthat power Doppler sonography could help dis-
tinguish inflammatory fluid collections from those
that are non-inflammatory *.

Painful shoulders

Shoulder pain is a common complaint in daily
rheumatological practice. It could be caused by an
articular process or peri-articular soft tissue compli-
cations. The acromioclavicular joint is a common
site of involvement in rheumatoid arthritis or other
inflammatory arthropathies as well as septic arthri-
tis in immune-compromised patients®. If clinical
doubt as to possible infectious process exists, ultra-
sound-guided needle aspiration may improve early
diagnosis™.

As the shoulder is a complex joint structure,
sonography plays a major role in the accurate diag-
nosis of shoulder diseases” (Fig. 2). Theclinical di-
agnosis of periarticular shoulder conditions depends
on anumber of physical examinations but it may be
difficult to differentiate the pain patterns of the sub-
acromial-subdeltoid bursitis, biceps tendon, and ro-
tator cuff lesions®. Plain radiography only show
non-specific indirect signs of chronic rotator cuff le-
sionslimiting itsusefor ruling out osteoarthritis, pe-
riarticular calcification and other bony causes of
shoulder pain*. Other diagnostic procedures such
as CT scan, arthrography, arthroscopy or MRI can-

Fig.2.Sonographic imaging of rheumatoid arthritis patients with chronic shoulder pain; (a) Coronal-orientated image of
left supraspinatus tendon. A massive quantity of subacromial subdeltoid bursal fluid (arrows) separates the
supraspinatus tendon (S) from deltoid muscle (D); (b) Transverse ultrasound image through the right bicipital
groove shows fluid distension of the long head of biceps tendon sheath (arrow); (c) Longitudinal image along the
length of the right biceps tendon in the bicipital groove shows abnormal quantity of fluid within biceps tendon sheath
(arrows) (d) Coronal-orientated image of left supraspinatus tendon showing a fluid-filled cuff tear. Fluid can be
seen at the joint surface (arrowhead) and at the bursal surface (arrow). A full-thickness tear was confirmed by the
communicating defect with alternating compression with the probe and a little shoulder movement.
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not be considered for routine examination because
of the invasiveness and the expensiveness .
Rotator cuff tear can be either full or partial
thickness. A full thickness (or complete) tears ex-
tend from the articular surface to the bursal surface
of the cuff allowing communi cation between the sub-
acromial subdeltoid bursa and the glenohumeral
joint (Fig. 2d). Partial thickness (or incomplete)
tears only involve one or other of the surfaces of the
supraspinatus tendon®. Another vital role of sonog-
raphy isto determinewhat stage the shoul der disease
has progressed to and consequently which form of
treatment isto be undertaken. If afull-thickness cuff
tear is present, surgical repair should be considered.
Subacromial-subdeltoid bursal aspiration and
corticosteroid injection can be guided by ultrasound.
Itisgenerally fromalateral or anterior approachwith
adirect ultrasound screening of the needle during its
entry into the bursa. Calcific tendinopathy isnot an
uncommon disorder and ultrasound can detect it ear-
ly. Supra-spinatus calcification barbotage can be
used in the patients suffering from severe acute pain
as a consequence of crystal shedding into the sub-
acromial subdeltoid bursa™®*. The techniquefor as-
piration is similar to subacromial-subdeltoid bursal
aspiration and local anesthetic is injected into the
subacromial-subdeltoid bursa. After the bursa has
been infiltrated, the needle is advanced into the cal-
cium and an aspirate is performed with agitation of
the needle within the lesion™. Following this, a
small amount of corticosteroid with local anesthetic
isinjected™. Itisgenerally reserved for the patients
who didn't respond to medical treatment and often

18,19

brings about arapid and effective response™ ™.

Carpal tunnel syndrome

Carpal tunnel syndrome is a complication of
several connective tissue diseases including sclero-
derma, polymyositis, polymyalgia rheumatica and,
most commonly, rheumatoid arthritis®. Sonography
can identify the median nerve from tendons and ob-

tain information of the cause of nerve compression
through imaging of tenosynovitisor tendon effusion,
amyloid deposition, ganglion cyst, variant median
artery or hypertrophied accessory muscle’. Patients
complain of burning sensations, numbness and tin-
gling in the fingers. The diagnosis of carpal tunnel
syndromeisusually based onthe patient'shistory and
clinical findings. A cross-section areain the proxi-
mal carpal tunnel larger than 11mm? in combination
with compression signs on longitudinal scansis be-
lieved to be diagnostic of carpal tunnel syndrome™.
Ultrasound is comparabl e to electrophysiology with
amore complete view of the condition®. It is sug-
gested as the initial investigation for carpal tunnel
syndromeand offersan accuratelocal injectiontothe
small size of thetarget space between theflexor carpi
radialis tendon and the median nerve®* %,

Seronegative spondyloarthropathies

Enthesopathy is one of the characteristic signs
in seronegative spondyloarthropathies. The diagno-
sisof enthesitisisusually based on theclinical symp-
toms at the insertion part of the tendon, ligament,
joint capsuleor fasciaintothebone. Ultrasonography

SEE— ——
= # o

T —— N e - |

Fig.3.Retrocalcaneal bursitis. Sagittal image of pre-
Achilles bursa. The bursa is filled with poorly re-
flective fluid (arrow).
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ismore sensitive in detection of enthesitis than clin-
ical examination®. Thickened enthesis, entheso-
phyte and adjacent bursitis could be revealed by ul-
trasonography and an abnormal power Doppler sig-
nal at the cortical bone of enthesisregarded asahigh-
ly specific feature of the spondyloarthropathies™.
Loss of signal is linked to clinical improvement .
Sonographic examinations of ligamentousinsertions
offer objective changesin enthesopathy and helpsin
the differential diagnosis of the inflammation of the
surrounding soft tissues such as retrocal caneal bur-
sitis (Fig. 3). Besides, sonography-guided local in-
tra-lesional therapy is safer avoiding the dangerous
contact between the tip of the needle and the tendon.

Hip joint involvement in rheumatic
disease

Hip involvement can be underestimated in
rheumatic diseases by conventional radiography =,
The detection of effusion or synovitis within the hip
joint or itsadjacent bursaishelpful in the assessment
of hip joints. During examination, the patient is ly-
ing supine with the heel and the hip externally rotat-
ed 10-15°. When the joint capsule could be fol-

lowed from the acetabulum to the point of its fixa
tion to the neck, measurements on a magnified pic-
tureonthemonitor weremade. Themeasuring points
werethelower edgeof the capsul eand the upper edge
of the osseous. The longest ultrasonic intra-articu-
lar distance from the joint capsule to the femur was
measured. Ultrasonic distances of 7mm or more, or
a difference between both hips of 1 mm and more,
were considered as intracapsular effusion in the hip
joint ®* (Fig. 4). Ultrasonography is a method of
diagnosis that should be considered in hip joint
evaluation™*.

Localized scleroderma

Ultrasound imaging has been validated in the
diagnosis of localized sclerodermaand provides ob-
jective and noninvasive monitoring of the skin le-
sions”. Diagnosis of localized sclerodermais often
made clinically”. Histological examination is usu-
ally compatible with diagnosis but not specific® .
A disfiguring scar isoften seen after abiopsy. Under
ultrasound, undulations of the dermis, disorganiza-
tion, loss of thickness, thickened hyperechoic bands

in the hypodermis and the "yo-yo" image had 92%

i p—
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Fig.4.(a) Long-axis view of right hip showing effusion (arrow) separating the capsule (C) from the femoral neck (FN) in
an ankylosing spondylitis patient. (b) Split screen view comparing asymptomatic (left) and symptomatic (right)
hips. The effusion is demonstrated by upward convexity of the capsule on the abnormal compared to the normal
side (arrows).
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sensitivity and 100% specificity for localized scle-
roderma . The "yo-yo" image is the dense image
at the dermal-hypodermal junction whose shape re-
sembled a flattened "yo-yo" or asnap fastener. The
hypodermis is thinner compared with adjacent nor-
mal skin (with amean | oss of 41%) and disorganized
with dense widened bundles in all directions?.
Ultrasound may be a valuable tool for the diagnosis
of localized sclerodermain the future.

Sjogren's syndrome

Salivary glands histological examination,
sialography and scintigraphy are considered to bere-
liable methods for the assessment of the salivary
gland involvement. Because of the inconvenience
and arisk of complications, ultrasound is another re-
liable and non-invasive method for the diagnosis of
the salivary involvement **. The presence of
parenchymal inhomogeneity of the salivary glandsis
the most important sonogrphic change in Sjogren's
syndrome and showed a good correlation with
parotid sialography, scintigraphy and the histology
of the minor salivary glands (87.3, 84.7 and 84.3%)
#. The parenchymal structure of the glands was cat-
egorized into five stages: stage O= normal; stage 1=
mild parenchymal inhomogeneity (PIH) (hypoe-
choic areas<2 mm); stage 2= evident PIH (hypoe-
choic areas of 2-6 mm); stage 3= gross PIH (hypoe-

choic areas> 6 mm); stage 4= adipose degeneration
of the gland (adipose tissue echogenicity and
parenchymal atrophy)*. Astherisk of developing a
lymphoma in the salivary glands of Sjogren's syn-
drome patients, ultrasound can detect early malig-
nant complications *. On ultrasound, intraparotide-
al lymphomatous nodes are large, usually very hy-
poechoic massesand occasionally so hypoechoicthat
they appear cystic ** *. This appearance can be ex-
plained by the monotonoius arrangement of the lym-
phoma cells, which provides very few acoustical in-
terfaces to generate internal echoes™ **, Itis a
promising alternative to the conventional invasive
examinations providing information in the diagnosis
and follow-up of Sjogren's syndrome.

Osteoarthritis

Osteoarthritis is the most common joint disor-
der ®*. The disease processes not only affect the ar-
ticular cartilage, but also involve the entirejoint, in-
cluding the subchondral bone, synovial membrane,
periarticular muscles, capsule and ligaments .
Ultrasound can identify a number of osteoarthritis
features and provides noninvasive prognostic indi-
cator ®. These include loss of joint space and carti-
lage (Fig. 5a), meniscal abnormalities, synovitis, os-
teophytes (Fig. 5b) and Baker'scyst ** (Fig. 5¢, 5d).
Magnetic resonance imaging is regarded as the most
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Fig.5.0steoarthritis of the knee. (a) Transverse scans of the condylar cartilage shows diffuse thinning, nonhomogenous
cartilaginous layer and blurring of the cartilage interface (arrows); (b) Longitudinal section over the medial aspect
of left knee shows osteophytes (arrows) formation and narrowing of joint space in the femoral condyle (FC) and
tibia (T) joint; (c) Transverse section shows the characteristic neck (arrow) to the popliteal bursa (Baker's cyst).
The cyst arises between the medial head of gastrocnemius (MG) and the semimembranosus (SM); (d) Longitudinal
section with fluid (F) and a thickened synovitis septum (S) demonstrated within the cyst.
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powerful tool for evaluating cartilage. However,
there are economic and technical limitations to the
routine use of magnetic resonance imaging in as-
sessing osteoarthritis cartilage. Under ultrasound,
loss of the normal sharpness of synovial space and
cartilageinterface, loss of clarity of the cartilaginous
layer, narrowing of the joint cartilage and increased
intensity of the posterior bone cartilage interface are
the features of osteoarthritis®. Dueto no single fea-
ture of articular cartilage can beregarded asmorere-
liable than others for diagnosing cartilaginous dam-
age®™**, A combination of all parameters should
be used. Reproducible sonographic evaluation may
play arolein the assessment of osteoarthritis.

The vasculitides

The vasculitides are a heterogenous group of
diseases characterized by inflammatory cell infiltra-
tion and necrosis of blood vessel walls. The severi-
ty of vasculitisisrelated to the size, site and number
of vessels affected. Ultrasound imaging can detect
stenotic lesionsin the carotid and subclavian vessels
for Takayasu arteritis diagnosis®. Color Doppler
flow imaging can assess blood flow in the scrotum
when differentiating Henoch-Schonlein purpura
with scrotal involvement or tortion®. Color Duplex
ultrasonography has been used to detect inflamma-
tionintemporal vesselsingiant cell arteritis, thetyp-
ical appearance is hypoechoic halo around the per-
fused lumen of inflamed vessels, which may be due
to edema of the artery wall *. Patients with typical
clinical signsof temporal arteritisand aclear halo on
ultrasonography might be treated without abiopsy*.
Ultrasound is a quick, non-invasive technique and
can be used as an additional diagnostic tool for the
vasculitis.

The inflammatory myopathies

The inflammatory myopathies include a group
of acquired muscledisorders caused by auto-immune
or infectious processes®. The application of ultra-

sound technique adds an important dimension to our
understanding of myaositis. It showsedema, fluid col-
lection and vasculitis in soft tissues and muscles®.
It also localizes these alterations and guides aneedle
aspiration or muscle biopsy to establish a correct di-
agnosis. It facilitates the assessment of disease ac-
tivity, chronicity and damage like fibrosis and calci-
fications®™. Sonographicimagingisnon-invasiveand
should be consideredinthediagnostic evaluation and
to assist in treatment of inflammatory myopathies.

Crystal-related arthropathies

Ultrasound findingsingout encompasssynovial
hypertrophy, bony erosions Baker's cysts and joint
effusion™. In pseudogout patients, synovial prolif-
eration, joint effusion and thinning of the cartilage
can be seen. Chondrocalcinosis in pseudogut pa-
tients may involve the hyaline cartilage or menisci
as hyperechoic calcification parallel to the bone sur-
face(Fig. 6) which helpsin differentiating from gout.
Aspiration of synovial fluid can relieve symptoms
and yield the definite diagnosis. Ultrasound assists
the aspiration of synovial fluid and local injection of
medication. The progression of the needle can be ac-

Fig.6.Chondrocalcinosis affecting the left medial menis-
cus (arrows). Femoral condyle (FC), tibia (T).
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curately controlled on the monitor until thetip of the
needle is properly placed on the selected target ** .
It greatly improvesthe accuracy particularly in small
joints and reduces the risk of injecting into the ten-
don, adipose tissue, muscle or nerve resulting in in-
efficacy and tissue damage™ ®. Essentially, at-
tempted aspiration of adry joint can be avoided.

Conclusion

Theevidence published to date suggeststhat the
introduction of musculoskeletal ultrasound will im-
prove diagnostic accuracy and therapeutic outcome.
Fewer return visits by the patients will result in sav-
ing both the patients' and the clinicians time. We
should work on establishing the educational frame-
work to equip the rheumatol ogist with the necessary
knowledge and skills.
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