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Rheumatic diseases: knowledge update on scintigraphic assessment

Dia Shehab!, Abdelhamid Elgazzar?

Scintigraphy has a role in the diagnosis and follow up of
rheumatic diseases, in that it can provide important
complementary information along with the clinical and
radiographic evaluations of different disease conditions
of the joints and periarticular structures. The scintigra-
phic pattern of different arthropathies varies depending
on the type and phase of the condition. Some condi-
tions affect mainly small or large joints while others
affect both, in either a symmetric or asymmetric
fashion. Radionuclides used in the diagnosis and follow
up of these conditions include Tc99m MDP (Methylene
diphosphonate), In-111 labeled leucocytes, labeled poly
and monoclonal antibodies such as Tc99m-labeled

human polyclonal immunoglobulin G and Tc99m-anti-
E-selectin-Fab, Tc99m-HMPAO labeled leukocytes,
Tc99m SC (Sulfur Colloid), Tc99m nanocolloid and F-
18 FDG (Fluorodeoxyglucose). SPECT (Single Photon
Emission Computed Tomography) and pinhole tech-
niques add a diagnostic value to the scintigraphic
methods. F-18 FDG positron emission tomogtraphy has
a potential to quantitatively assess the degree of arthritis
activity.
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This article, Rheumatic diseases: knowledge update on scintigraphic
assessment is designated as CME/CPD. It provides the reader with the
opportunity to obtain credits under the MPC Program of KIMS. Readers
who study it, answer the questions related to it on page 64, and send a
copy of the Answer Sheet (page 96) to the CME Center of KIMS
become eligible for 1 CME/CPD credit in Category 1. To claim credit,
the reader has to be registered in the MPC Program, the answer sheet
should be received by the CME Center before 31st December 2005,
and all questions should have been attempted. Readers would then
receive a certificate from the CME Center indicating the credit data.

Introduction

The study of arthritis can be difficult because
of the wide variety of disease patterns, the
significant overlap of its various types and the
lack of clear and unified classification of this
group of disorders. This review provides an
overview of the evaluation of the common
arthropathies and related joint disorders in a
simplified version that will help the reader
identify their major scintigraphic and correla-
tive imaging patterns.

Generally, several modalities are used to
diagnose and follow up joint diseases. Stan-
dard radiographs remain the initial modality
of choice among the morphologic modalities
after clinical evaluation. Scintigraphy 1is
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needed In certain situations to help in the
differential diagnosis and to evaluate the acti-
vity of the diseases. Among the scintigraphic
methods, bone scan is the technique most help-
ful and cost effective.

The value of bone scan was illustrated in
Australia by Duncan! who studied 136 bone
scans, which is the most common diagnostic
imaging modality requested by Australian
rheumatologists. The primary indications for
scanning were to confirm a clinical diagnosis
(38%), to exclude a diagnosis (34%), and to
accurately localize the site of pain (17%). The
common diseases that rheumatologists were
attempting to confirm or exclude with bone
scanning were inflammatory arthritis such as
rheumatoid arthritis and differentiate it from
malignancy and fracture. Bone scans were
successful in excluding a diagnosis in 87% and
confirming a diagnosis in 80%. In 32%, bone
scans altered the clinical diagnosis, and in 43%
changed the course of disease management.
Bone scan results prevented further investi-
gations in 60% of cases.! Single head and dual
head pinhole images were reported to enhance
further the role of bone scintigraphy in joint
diseases.2 The added value of dual head pin-
hole bone scintigraphy using the two opposing
pinhole-collimated detectors is to obtain one
pair of magnified images of bone and joint at
one time with a reduction in the scan time.3
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Classification

No unified classification for the many types of
joint diseases is available. Arthropathies how-
ever can be grouped into two main categories:
inflammatory and non-inflammatory joint
diseases? (Table 1). The group of inflammatory
joint disease includes immunoinflammatory,
infectious and crystal deposit. While the non
inflammatory joint disease is exemplified by
the common osteoarthritis or degenerative
joint disease, which can be idiopathic (primary)
or secondary, the other group is the soft tissue
or periarticular syndromes or soft tissue
diseases. This review discusses the scintigra-
phic changes in some common rheumatic
diseases (joint diseases), mainly rheumatoid
arthritis, septic arthritis, degenerative joint
disease, crystal arthropathy and periarticular
soft tissue diseases.

Table 1. Major types of joint disease with main examples

A. Inflammatory joint disease
e |nfectious
— Infectious arthritis

® Non infectious
— Rheumatoid arthritis
— Crystal deposition arthropathies (Gouty arthritis, CPPD)
— Sacroiliitis
— Neuropathic joint disease
— Spondyloarthropathies
— Ankylosing spondylitis
— Psoriatic arthritis
— Reactive arthritis (formerly Reiter's disease
— Inflammatory bowel disease associated arthritis
B. Non inflammatory joint disease
® Primary osteoarthritis
e Secondary osteoarthritis

Rheumatoid Arthritis

Rheumatoid arthritis is a chronic inflamma-
tory disease characterized by symmetrically
erosive synovitis that causes pain, swelling,
stiffness and loss of function in the joints affec-
ted. It is thought that microvascular injury
and mild synovial cell proliferation occur first
along with obliteration of small blood vessels.
Synovial inflammatory response is triggered by
Immune complexes in the blood and synovial
tissue through activation of plasma protein
complement. This complement activation sti-
mulates release of kinin and prostaglandin,
which causes increased vascular permeability
in the synovial membranes, and attracts leuko-
cytes out of the circulation to the synovial
membrane. Inflammation eventually spreads

from the synovial membrane to the articular
cartilage, joint capsule and the surrounding
tendons and ligaments, with resultant pain,
loss of function and joint deformity. The small
joints of the hands and joints in the feet,
wrists, elbows, ankles and knees are the most
commonly affected.

Clinical, laboratory, radiological and functio-
nal criteria are used to assess and follow up
patients with RA. A gold standard for the
assessment of synovitis activity is not avai-
lable.> X-rays are used to determine osteopenia
and joint destruction, while on bone scintigra-
phy the disease presents symmetrically with
increased perfusion and delayed uptake peri-
articularly in the areas of the joints affected,
commonly the small joints of the hands and
joints of the feet, wrists, elbows, ankles and
knees. In-111 and Tc99m-labeled poly- and
monoclonal antibodies are also used to image
rheumatoid arthritis. Tec-99m  polyclonal
human immunoglobulin-G (HIG) has been
shown to be a successful agent in the depiction
of active inflammation 1in rheumatoid
arthritis.6

Sahin compared the uptake behaviors of Tec-
99m HIG and Tc-99m MDP in rheumatoid
arthritis. Twenty five patients with rheuma-
toid arthritis and its variants presenting with
active inflammation were included in this
study. Target-to-background (T/B) ratios were
obtained exclusively over the joint regions. Tc-
99m HIG T/B ratios of the active joints in
rheumatoid arthritis were significantly higher
than those of the non-active joints and the
control group of patients with well diagnosed
osteoarthritis. Tc-99m HIG T/B ratios in active
joints showed a progressive increase between 2
and 24 hour images. The T/B ratios in Tc-99m
MDP bone scans were higher in all active
joints than in joints of non-active rheumatoid
arthritis and those of controls, but significant
differences were only detected in wrist and
elbow joints, and the detection rate of active
joint inflammation with Tc99m HIG was
higher than with T¢c99m MDP.7

Monoclonal antibody, which reacts with
porcine E-selectin was evaluated in imaging
rheumatoid arthritis. Tc99m labeled Fab frag-
ment of 1.2B6 and Tc99m HDP were used by
Jamar, et al®8 in 10 patients. Images were
obtained 4 and 20-24 hours after injection. Two
normal volunteers were also imaged. Diagnos-
tic accuracy, using joint tenderness or swelling
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as the clinical standard, was 88%, higher than
that of Tc99m-HDP (57%) as a result of the low
specificity of the latter in rheumatoid arthritis.
No uptake of Tc99m-Fab was observed by
inactive or normal joints, whereas Tc99m-HDP
was taken up by all joints to a variable degree,
making the decision as to whether a particular
joint is actively involved or chronically
damaged very difficult. The authors concluded
that Tc99m-anti-E-selectin-Fab scintigraphy
can be used successfully to image synovitis
with better specificity than Tc99m-HDP bone
scanning.8

Labeled leukocytes have been used to eva-
luate the disease activity and are a promising
method for this purpose. In a recent study by
Gaal and associates,® the applicability of
99mTec-hexamethylpropylene amine oxime
(99mTc-HMPAO)-labeled leukocyte joint scin-
tigraphy in the assessment of disease activity
was tested in 21 patients with rheumatoid
arthritis. The degree of accumulation of
99mTc-HMPAO leukocytes showed no corre-
lation with a patient’s age and gender, dura-
tion of disease, use of disease modifying anti-
rheumatic drugs or any laboratory parameters.
However, a significant correlation was found
between the global regional accumulation of
the labeled leukocytes of the hands and feet
and the clinical assessment of joint activity.®

Crystal Deposition Arthropathies

GOUTY ARTHRITIS

Gout is a metabolic disorder that results from
the deposition of monosodium urate monohyd-
rate crystals in various sites in the body, espe-
cially joint cartilage. The disease is rare in
children and premenopausal females and un-
common in males under 30 years of age. The
prevalence is influenced by genetic factors,
alcohol consumption, obesity, and hyperten-
sion. It is closely linked to purine metabolism
and kidney function. Most cases of gout are
characterized by sudden onset of severe acute
monoarticular arthritis. Gout passes through
four stages; asymptomatic hyperuricemia,
acute gout (mono or polyarticular), intercritical
(interval gout), and chronic tophaceous gout.
The ankle, the knee and the first metatarso-
phalangeal joint were the joints most often
affected.19-11 The most typical however is that
of the metatarsophalangeal joint of the big toe,
called podagra. Evaluation includes clinical,

laboratory and X-ray findings characteristic to
gout. Recently, a case of gouty tophus of the
patella was evaluated by positron emission
tomography (PET) using a combination of an
amino acid analog emitter, L-[3-F-18]-alpha-
methyl tyrosine (FMT), which does not accu-
mulate in malignancies and showed increased
metabolic activity and the glucose analog
emitter F-18-fluoro-2-deoxy-D-glucose (FDG),
which essentially accumulates in malignancies
and did not show appreciable activity. This
report suggests that PET may be useful for the
preoperative evaluation of gouty tophus inclu-
ding detection and differentiation from malig-
nant tumors.!2

INFECTIOUS ARTHRITIS

Bone infections are complex processes that can
manifest in various ways and mimic many
other diseases. It is common in adults and
children, and in immunologically compromized
patients. The onset could be seen in indivi-
duals with no comorbidities, in those with a
history of trauma and post-operative joint
replacements, or among patients with diseases
such as diabetes, hemaglobinopathies, and
arthritis.

The dilemma that faces the medical practi-
tioner is reaching an early and accurate diag-
nosis of these infections. Although physical
examination, laboratory tests such as white
blood cell count and blood cultures, and stan-
dard radiographs are often positive in later
stages of osteomyelitis, these parameters are
not adequate for diagnosis in the early stages.
Modern imaging plays a crucial role in aiding
clinicians in the early diagnosis. For this rea-
son, physicians should be aware of the many
imaging techniques appropriate in skeletal
infections. When this is combined with the
patient’s clinical background and an under-
standing of the pathophysiologic basis behind
skeletal infections, effective decision making
can be made in choosing an optimal imaging
examination.

In children, infectious (septic) arthritis is
usually secondary to hematogenous seeding
but can also be produced by direct extension of
osteomyelitis. More than half of the patients
are less than 2 years old. A recent history of
trauma is found in a third of patients and
nearly 50% are with recent otitis media or
upper respiratory tract infection. Infectious
arthritis secondary to adjacent osteomyelitis
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can occur in joints where the metaphysis is
within the capsule (hip or shoulder). It can be
found in infants, because of the epiphyseal
location of osteomyelitis. Staph. aureus is the
major causative agent, followed by the Strepto-
coccus species. In children less than 2 years
old, Hemophilus influenzae is the main causa-
tive agent although its incidence is decreasing
since the introduction of vaccination.!3

Patients may present with fever, pain,
limitation of movement and limp, and infants
may demonstrate joint dislocation. The hip and
knee are the joints most often affected in
children and the shoulder in the neonate.
Rapid cartilage destruction and bone ischemia
caused by raised intracapsular pressure lead to
sequelae such as growth discrepancies, limita-
tion of movement and dislocation. Accordingly,
the condition is an orthopedic emergency, and
any delay in diagnosis often leads to catastro-
phic sequellae. Permanent loss of joint function
occurs in up to 25-50% of patients.14-16

The diagnosis is clinical and by joint aspira-
tion. Combination of joint and blood cultures
allows identification of the germ in two thirds
of cases.’316 Ultrasound allows rapid identifi-
cation of joint effusion and serves as a guide
for aspiration. It should be noted that ultra-
sound cannot differentiate whether the joint
effusion is the result of infection or just inflam-
mation since the severity of effusion of the
septic condition may not be greater than the
non-infectious synovitis.l” Sonography could
also detect the extent of the infection since it
may reveal the periosteal elevation, subperios-
teal abscess and cortical erosion much earlier
than X-ray if metaphyseal osteomyelitis
occurred.'’® In cases of equivocal ultrasono-
graphy and to evaluate whether osteomyelitis
1s present, bone scan is the modality to be
used.

OSTEOARTHRITIS

Osteoarthritis (OA) 1s a joint disease that
mostly affects the cartilage. OA can be primary
with no known predisposing factors, or second-
ary due to several etiologies. Both idiopathic
and secondary forms of osteoarthritis have the
same pathologic characteristics. Primary or
1diopathic osteoarthritis is the most common
type of non-inflammatory joint disease.
Although it affects any joint, the joints most
commonly involved are in the hands, wrists,
lower cervical spine, lumbar spine, sacroiliac,

hips, knees, ankles and feet. Symptoms include
mainly joint pain, swelling, reduced mobility of
the joint and joint stiffness which lasts less
than thirty minutes. Clinically, crepitations in
the joint, bony enlargement, nodules like
Heberden’s or Bouchard’s nodes can be seen in
the joints affected. X-ray may show peripheral
osteophytes, reduced joint space, subchondral
sclerosis and bony cyst formation. Aging is an
important risk factor although the cause of
osteoarthritis is unknown. Premature cartilage
degeneration due to an inherited genetic
defects encoding for the structural components
of articular cartilage has been suggested as the
etiology of this condition.

Primary osteoarthritis progresses with age.
A diagnosis of secondary osteoarthritis is made
when the predisposing cause is known, e.g.
following intra-articular fracture or other trau-
mas (post-traumatic osteoarthritis), rheuma-
toid diseases, neurogenic and metabolic disor-
ders, drugs and recurrent hemarthrosis, as
may occur among hemophiliac patients, and
following certain forms of osteochondrosis and
osteonecrosis. The pain of osteoarthritis is
caused by intracapsular tension, muscle
spasm, abnormal stress on the bone and
increased intra-osseous venous pressure.

The changes of osteoarthritis are usually
seen on standard radiographs as well as other
morphologic modalities. On bone scintigraphy,
increased periarticular uptake is commonly
seen as an incidental finding in the commonly
involved joints mentioned earlier. The degree
of uptake is proportional to the severity of the
disease.!?

ANKYLOSING SPONDYLITIS

Stiffening and fusion (ankylosis) of the spine
and sacroiliac joints causing most frequently
low back pain and stiffness characterize this
chronic inflammatory disease, which is the
most common type of the seronegative spondy-
loarthropathies. Ankylosing spondylitis (AS)
affects predominantly the axial joints particu-
larly the sacroiliac joints and spine, with a
strong genetic predisposition associated with
HLA B27. Other joints such as hips, knees and
shoulders are involved in approximately 30%
of patients. The condition usually affects boys,
and begins in adolescence with inflammation
of fibrocartilage in cartilaginous joints (prima-
rily in the vertebrae) along with infiltration of
inflammatory cells (mainly macrophages and
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lymphocytes) in the fibrous tissue of the joint
capsule, cartilage and periosteum. This process
is followed by repair of cartilaginous structures
by proliferation of fibroblasts that secrete
collagen, which later becomes organized into
fibrous scar. The scar eventually becomes calci-
fied and ossified causing loss of flexibility and
fusion of joints.20 The principal musculoskele-
tal lesions associated with AS are enthesis and
synovitis with sacroiliitis. Extra-articular
features include eye lesions, most commonly
uviitis and iritis, aortic regurgitation, enteritis,
colitis, prostatitis and salpingitis. X-ray and
MRI may show sacroiliitis, squaring of lumbar
vertebrae, vertical syndosmophytes and loss of
definition of apophyseal joints.
Scintigraphically, patterns vary according to
the disease stage. In the early stage, scintigra-
phy reveals typically but not always symmet-
rical intense tracer uptake in both sacroiliac
joints. Associated spinal lesions may or may
not be present at this stage. Later, as the spine
becomes involved pinhole scintigraphy reveals
patchy uptake in the apophyseal joints, hori-
zontal band like uptake in the disco-vertebral
junctions, and midline segmental uptake in
spinous processes and the interspinous liga-
ments.2 Table 2 summarizes the classic scinti-
graphic findings of main rheumatic disorders.

Table 2. Scintigraphic patterns of major joint diseases

Disease Scintigraphic Patterns
Rheumatoid arthritis Symmetrical uptake involving small and large
joints
Gouty arthritis Uptake of metatarsophalangeal joint of the great

toe and large joints, commonly symmetric

Ankylosing spondylitis ~ Symmetrical intense tracer uptake in both

sacroiliac joints and spine

Osteoarthritis Uptake of large joints, symmetrical in primary
type

Reactive arthritis Asymmetric uptake of large and small joints and
spine

Psoriatic arthritis Asymmetrical uptake of large and small joints
typically of upper extremity including fingers and
spine

Uptake involving a large joint

Uptake of large joints (asymmetric), sacroiliac
joints (symmetric) and spine

Infectious arthritis
Enteropathic arthritis

PERIARTICULAR SOFT TISSUE SYNDROMES

Periarticular soft tissue syndromes such as
tenosynovitis, bursitis, and plantar fasciitis
are characterized by local pain, tenderness,
and swelling in the bursa, tendon sheath, or
enthesis (the insertion of tendon, ligament, or
capsule into the periarticular bones). Indivi-

dual lesions may present as bursitis, tenosyno-
vitis, capsulitis, fibrosis, or calcification.
Trauma and repeated physical irritation are
the common causes of this painful inflamma-
tion in the periarticular soft tissue structures.
Idiopathic lesions are not rare.

Generally, standard radiograph often plays a
decisive role in the diagnosis of bursitis, teno-
synovitis, and plantar fasciitis. Ultrasonogra-
phy can play a crucial role in confirming the
diagnosis of bursitis and in guiding needle
aspiration. Bursitis shows abnormal amount of
fluid in the bursae and the associated synovial
hypertrophy on ultrasound.?!-22 In these condi-
tions planar bone scan may reveal increased
tracer uptake in the regions of the involved
bursa, tendon, or enthesis. However, the
anatomical site of a lesion is extremely difficult
to assess by planar imaging. In contrast, pin-
hole scintigraphy can reveal the anatomy of a
lesion so that it points to the diagnosis of bur-
sitis or tenosynovitis. It should be noted that
in bursitis and tenosynovitis, bone scintigra-
phy may reveal intense tracer uptake when
secondary erosion, reactive osteitis, and
sclerosis in the neighboring bone are present.
These secondary bone alterations are seen in
association with trochanteric bursitis, subdel-
toid bursitis, supra-acromial bursitis, sub-
acromial bursitis, sub-Achilles tenosynovitis
and plantar fasciitis.2
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After you have completed reading the article Rheumatic diseases: knowledge update on scintigraphic assessment, take the test given below.
Circle T (True) or F (False) in the answer sheet (page 96) to show the correct answer to each question. Questions 1 to 10 are related to the

content in this article.

1. Tc99m polyclonal human immunoglobulin-G can be used to depict active inflammation in rheumatoid arthritis.

. Tc99m-anti-E-selectin-Fab scintigraphy can be used successfully to image synovitis in rheumatoid arthritis patients.

2
3. Gouty arthritis is rare in children and premenopausal females and uncommon in males under 30 years of age.
4

. In children, infectious (septic) arthritis is usually secondary to hematogenous seeding but can also be produced by direct extension of

adjacent osteomyelitis.

. There is no gold standard for the assessment of sinovitis activity.

© o ~N o o

. There is no association between ankylosing spondylitis and HLA -B 27.

. The hip and knee joints are rarely affected in infectious arthritis in children.

. Permanent loss of joint function occurs in up to 5% of patients with infectious arthritis.

. Primary osteoarthritis is the most common type of non-inflammatory joint diseases.

10. Trauma and repetitive physical rotation are common predisposing factors for soft-tissue inflammation.
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