Synovial Membrane Scanning in Arthritic Disease
By William S. Maxfield, Thomas E. Weiss, and Stanton E. Shuler
Arthritis is a common disease fre- zation of the tracers after i.v. injection
quently difficult to diagnose in its in areas of synovitis is nonspecific,
early stage. In many cases it is diffi- but the pattern of joint involvement
cult to separate a nonarthritic joint may aid in the differential diagnosis
complaint from the early stage of • of arthritis. Synovial membrane scaninflammatory arthritis. Synovial mem- ning is of particular value in the patient
brane scanning is an objective tech- with joint pain when other laboratory
nique that can detect synovitis before and clinical studies are borderline
it becomes apparent clinically or and/or normal. A negative synovial
roentgenographically. The synovial membrane scan is further confirmation
membrane scan can document the of the lack of Synovitis, suggesting that
pattern of synovitis at a given time the pain is nonarthritic in origin. Conand by repeat scans measure the versely, a positive scan has a high
progression of disease or response to degree of correlation with eventual contherapy• Evaluation of the synovial firmation of synovitis due to an arthritic
membrane began with measurement condition by other tests weeks to
of permeability after intraarticular in- months later. Comparison to routine
jection of radiopharmaceuticals. Re- roentgenography of the joints of the
search in the technique of synovial extremities indicates that the synovial
membrane scanning after i.v. adminis- membrane scan is 30% more accurate
tration of radiopharmaceuticals has than X ray in detecting synovitis. In
been under way for 7 yr. The '"1 human some patients the synovial membrane
serum albumin and '"lodipamide ini- scan exceeds clinical evaluation, par.tially employed as tracers were used ticularly in the knee joint. The synovial
as research techniques since the membrane scan provides another obradiation dose was moderately hiqh jective and sensitive method for followand the scanning time was long. The ing the course of a patient's arthritis,
use of short half-life tracers, such as either in assessing response to treat99"Tc tagged albumin and pertechne- ment or progression of disease.
tate ("'Tc0,), with a stationary imaging Documentation of the usefulness of
device, make svnovial membrane synovial membrane scanning by sevscanning a practical clinical proce- eral authors indicates that this techdure. The i.v. dose of "=Tc0, has nique should be a routine procedure
varied from 5 to 15 mCi. The Iocali- in most nuclear medicine laboratories.

RTHRITIS IS A C O M M O N DISEASE frequently difficuli to diagnose in
its early stage. The difficulty in many cases is the problem of separation
of nonarthritic complaint from the early state of inflammatory arthritis. Not
only is it difficult to diagnose early arthritis unequivocally, but it may be
difficult to determine the type of arthritis. Review of the diagnostic criteria
for arthritic conditions indicates that reliance has been placed upon history,
physical examination, laboratory, and roentgenographic studies. The availability of synovial membrane scanning provides another evaluation modality
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that can objectively document synovitis at an early stage. Though the localization of the i.v. administered tracers is nonspecific, the pattern of joint involvement in the extremities may aid in the differential diagnosis. The synovial
membrane scan also provides an objective technique for measurement of
progression of disease or response to tlierapy.
HISTORY

Evaluation of the synovial membrane with radiopharmaceuticals was initiated in the 1950"s by AhlstrSm, 1 Harris, 2 and Rodnan. a The tracers used
were Iodinated human serum albumin (lallHSA), 13q-tagged globulin, and
radioactive sodium. The technique of measurement of the clearance of intraarticularlv injected radiopharmaceuticals has recently been pursued by St.
Onge 4 and Dick 5"6 employing la3Xenon. These studies indicated that there is
a change in the permeability of t.he synovial membrane in rheumatoid arthritis.
Roucayrol et al. have compared the accuracy of scanning, after intraarticular
injection of radiopharmaceuticals into the knee, to roentgenographic evaluation after contrast media injection,v Limentani et al employed external counting to detect localization of i.v. administered lallHSA. 8
The technique Of scanning the synovial membrane of the extremities after
i.v. injection was initiated by Weiss and Maxfield.9q2 The initial studies were
with lallHSA (Fig. 1). This tracer was effective in demonstrating synovitis
(Fig. 2), but the radiation dose from the radiopharmaceutical was moderately
high and the photon yield was low. The low photon yield made the use of
stationary imaging devices impractical and gave a scanning time of approximately 4 hr for a study of the hands, wrists, and knees with a 3-inch crystal
rectilinear scanner. Introduction of lallodipamide with its shorter biological
half time reduced the radiation doseJ a laqodipamide permitted the use of a
larger quantity of 181I, thus reducing the rectilinear scanning time to 2-3 hr.
It was demonstrated that a stationary imaging device could be employed with
this tracer, but the detail, particularly of the hands, was poor. The lack of
detail was due to the low photon yield and inefficiency of the Anger camera
unit (Nuclear-Chicago Pho-gamma Mk III) at la1! energy, lal!HSA and
131Iodipamide synovial membrane scanning, therefore, proved to be a research rather th~in a practical clinical procedure due to the long scanning time.
Development of the use of °gmTc-tagged albumin as a synovial membrane
scanning agent provided a radiopharmaceutical with a low radiation dose and
a high photon yield. 14 Determination that O9mTcpertechnetate (99°'TcO~) could
also be used for synovial membrane scanning provided a readily available,
short half-life tracer, la'ls-2° Application of stationary imaging devices such
as the Anger camera with short half-life radiopharmaceuticals such as °gmTcO,
reduced the scanning time to 1 hr for evaluation of all of the joints of the
extremities (Fig. 3). The ability to study all the peripheral joints in a reasonable time made synovial membrane scanning a technically practical clinical
procedure.
RADIOPHARMACEUTICALS

]aqHSA was the first i.v. tracer employed for synovial membrane scanning.
99"Tc albumin and 13qodipamide have also been employed. The radiopharma-
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Fig. 1. Normal synovial membrane scans 6 hr after i.v. administration of ~"IHSA. Roentgenograms of knees (A) show area
scanned from anterior aspect (B).
Lateral roentgenograms (C) show
area scanned from medial aspect
of knee (D). Roentgenograms o;
hands (E) show area scanned
(F). Note that only normal vascularity is shown. Synovial membrane areas are not identified.
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Fig. 2. :3'ISHA scans of patient with typical rheumatoid arthritis confirmed by
laboratory studies and biopsy of synovial membrane of left knee. (A) Anterior
scan of knees showing greater degree of localization on right than on left. This
pattern of localization correlated with clinical symptomotology. Roentgenograms
did not detect difference between knees. (B) Scans from dorsal aspect showing
positive localization in both wrists and second and third metacarpophaiangeal
(MCP) joints of left hand and predominately in third, fourth, and fifth MCP joints
of right hand.
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Fig. 3. '~"Tc pertechnetate synovial membrane camera scans of patient with
no history of joint disease. Faint localization in synovial membrane areas is
normal with "~"'Tc0,. Localization is in contrast to no localization in normal synovial membrane area with tagged albumin tracers or with ,3,1odipamide. (A)
Dorsal view of hands, anterior knees, and lateral knees. (B) Anterior shoulders,
anterior elbows, and lateral ankles.

ceutical most widely used at the present time is °9mTc pertechnetate (99mTcO4).
The S°'TcO4 has a disadvantage in comparison to the other radiopharmaceuticals in that it does show a faint localization in the normal synovial membrane
(Fig. 3-5). It is therefore necessary to learn to interpret the normal pattern
for the tracer employed before attempting to evaluate the abnormal. The advantages of ready availability of °9~TcO4 and avoidance of administration of a
foreign protein outweigh the problems of the faint localization in the normal
synovial membrane.
Other radiopharmaceuticals such as 11a=In 16 and °°=Tc DTPA 21 appeared to
have value (Fig. 4). The ideal tracer for synovial membrane scanning has
therefore not been unequivocally established. However, the data reported to
date indicate that synovial membrane scanning with ~9~TcO4 and a stationary
imaging device is a useful procedure in the evaluation of patients with known
or suspected arthritis. 1~':r'Is'2~
The localization of the radiopharmaceuttcals currently employed in synovial
membrane scanning is nonspecific. Positive localization has been reported in
synovitis associated with rheumatoid arthritis, gout, infectious arthritis,
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tendonitis, bursitis, osteoarthritis, polyarteritis, lupus erythematosus, psoriasis, and Reiter's disease. The mechanism of localization of the tracer has not
been exactly defined. In the normal synovial membrane area, there is a slow
accumulation of the radiopharmaceutical as the activity in the vascular space
falls (Fig. 5). This pattern of accumulation of 99mTcO4 in the synovial membrane has also been reported by McCarty et al. ~° Aspiration of fluid from
articular spaces with effusion followed by electrophoresis of the fluid with
strip counting to locate the fraction containing the radioactivity has been performed. These studies have demonstrated that the radioactive tracer is attached to the albumin molecule when tagged albumin has been employed as
the radiopharmaceutical. Autoradiographic studies of synovial tissue removed
at synovectomy following i.v. administration of 131IHSA have demonstrated
that most of the radioactivity is within the synovial membrane and not within
surrounding tissue. When fluid has been aspirated from a knee with a positive
localization, the count rate over the knee area is usually changed less than
25%, confirming that most of the localization is within the synovial membrane
itself. The fact that the pattern of localization shown by the i.v. tracer actually
demonstrates the synovial membrane can be documented by the pattern of
the synovial membrane of the knee shown after intraarticular injection of a
radiopharmaceutical (Fig. 6) and the work of Roucayrol.~'
In our laboratory we have used intraarticular injection only to document
that we are indeed seeing the synovial membrane with i.v.-injected tracers.
In some cases of rheumatoid arthritis after intraarticular injection of lZlIHSA,
there has been slow diffusion of the tracer throughout the synovial membrane.
In other cases, there has been very rapid diffusion. The etiology for this
difference has not been elucidated. For a definitive study of radiopharmaceuticals after intraarticular injection, reference is made to the work by Roucayrol
et al. ~' Intravenous administration has the advantage over intraarticular injection in that the i.v. route will show not only synovitis in a particular joint
but will permit evaluation of the total pattern of synovitis in the joints of the
extremities.
The possibility that use of several radiopharmaceuticals to evaluate this
synovitis might give additional information has been provided by MartinezVillasefior et al. 16 who noted that 99.mTcO4 and 113mln do not always provide
the same pattern in patients with rheumatoid arthritis. Possibly these tracers
are measuring the degree of change in permeability and might be useful in
staging the degree of synovitis. This concept needs further evaluation.
The dose schedule and radiation dose for radiopharmaceuticals employed
for synovial membrane scanning after i.v. administration are listed in Table 1.
MATERIALS AND METHODS

When 181I-labeled compounds are employed, the thyroid gland is blocked with Lugol's
solution or potassium iodide 10 gtts X 3 the day before the scan. For the 99mTc radiopharmaceuticaIs, the thyroid gland is bIocked with 200 mg of potassium perchlorate given
orally 1 hr before the tracer is injected. For the ll3"In, no thyroid blocking agent is
required. With the 131I-labeled tracers, the scans are usually started 2-6 hr after i.v.
injection. For the radiopharmaceuticals using 131I, rectilinear scanning is preferred. Scan-
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Fig. 5. Serial sciDtiphotos at 2, 5, 10, and 30 min after i.v. injection of 10
mCi of "=Tc0, demonstrate slow accumulation in normal synovial membrane
(A). Two views from rapid-sequence, 35-mm study of perfusion of knee show that
linear area of activity posterior on lateral view of knee is major vascular bundle:
(B) Early arterial phase. (C) Intermediate arterial phase. (D) Pattern at 30 min.
ning with these tracers is usually limited to the hands and knees due to the long scan
time. Care should be taken, when using a single detector rectilinear scanner, not to try
to scan the hands on a table positioned over the knees as there may be detection of activity
from the knees unless the table provides adequate half-value layers of shielding for the
radlonnclide employed. Detection of knee activity is especially a problem with 131I tracers.
Therefore, the hands are usually scanned by being placed on a table to the side of the
patient rather than in front of him. When scanning the hands, it is preferable for the
motion of the rectilinear scanner to be perpendicular to the digits rather than parallel. Use
of a rectilinear scanner in this manner facilitates delineation of the interphalangeal joints.
With the 09"Tc tracers, the scans are usually begun 5-30 min after i.v. injection. A
stationary imaging device, such as an Anger camera, is preferable for 09'~Tc radiopharmaceuticals. This unit permits rapid evaluation of the joint areas and provides the capability
for dynamic studies if indicated. Accessories for the stationary imaging units that permit
quantitati0n of data and evaluation of areas of interest should improve the accuracy of the
synovial membrane scan in the initial diagnosis of synovitis and in the determination of
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A

Fig. 6. Scan of right knee 24 hr after
intraarticular injection of 15 t{Ci of
'1'IHSA. Anterior v i e w (A) end lateral
view (B) from medial aspect indicate
synovial membrane pattern w h i c h cor-

relates well with outline of s y n o v i a l
membrane after i.v. injection of radiopharmaceuticals used for demonstration of synovitis. Studies such as this
one indicate that localization shown
on i.v. studies is synovial memb~'ane.

variation in degree of localization with time. Again, it is important that no other joint be
superimposed within the field of view of the detector. Positioning the patient as shown in
Fig. 7 will eliminate the problem of superimposition of joints. The use of the stretcher as
il|ustrated is of particular value in patients with arthritic pain because patient motion
must be minimal to achieve the required positions.
The 4000-hole, low-energy coliimater is used with the Anger camera. The spectrometer
range is set for 99"Tc and a 15% window is employed. Camera images are obtained by
using a preset for 70,000 counts for the hands and knees. The contralateral joint employing
the same view is then obtained for the same time required to obtain the preset number
of counts o n the initial view. For the elbows and ankles, 50,000 counts are accumulated.

Table 1. Radiopharmaceuticals for Synovial Membrane Scanning

Tracer
~3~IHSA
~lodipamide
*9"Tc Albumin
gg'~Tc pertechnetate
ggmTc DTPA
113=Indium pH 3.5

I.V. Doseof
Tracer

Maximum
Dose to
Whole Body
(mr)

Max{mum
Doseto
Blood
(mr)

25 #Ci/lO lb
40 #Ci/10 l b
1- 3 mCi
5-15 mCi

300
30
15
180

5400
450
141
210

5-10 mci
8-10 mCi

160
75

160
75

Maximum
Critical
Organ
(mr)
Blood
Blood
Brood
Stomach 3000
colon 1700
Bladder 555
Blood
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One-minute counts are used for each shoulder since in the shoulder area most of the
count rate may come from activity within the hmgs. The hips may also be studied by using
a l-rain exposure. For the 99~"TcOi tracer, it is particularly important to study one area
and then the same area on the contralateral side as the next procedure. For 99mTc perfusion
studies, serial scintiphotos with the polaroid camera are obtained as well as 35-mm images
from a camera with the motor drive on the second oscilliscope. Use of a direct store
accessory or computer readout would be a more accurate method of evaluation.
Since the dose schedule employed for brain scanning in our laboratory is the same as
for synovial membrane scanning, patients .coming for brain scanning can be used to
establish the technique for synovial membrane evaluation. Careful selection of these
patients provides an opportunity to obtain base line synovial membrane studies in patients
with no history of ioint complaints without administration of additional radiopharmaceuticals.
RESULTS

The localization of the tracers currently used for synovial membrane scanning is nonspecific. Almost all types of arthritic conditions have been reported
to give a positive localization when the synovitis is active. The mechanism
of the localization of the tracer in the abnormal synovial membrane appears
to be due to a change in permeability and an increase in vascularity. If the
localization were due to increased vascularity alone, the degree of localization
in the synovial membrane would follow the concentration of the tracer in
blood. Several experiments using external counting and perfusion studies with
stationary imaging devices have shown that in the normal and abnormal
synovial m e m b r a n e there is an increase in activity in the synovial membrane
while the blood concentration is falling (Fig. 5). For tagged albumin tracers,
the peak activity in the synovial membrane occurs at 3-6 hr while with
99"TcO~ the peak appears to be at 30-90 min. T h e perfusion studies indicate
an accelerated localization with synovitis, probably due to increased vascularity. Still the activity over the synovial m e m b r a n e rises while the plasma
activity is falling.
Synovial membrane scanning has been limited to evaluation of synovial
membrane areas of the extremities. With the availability of tomographic scanning, it might be possible to visualize the synovial membrane of the sacroiliac
joints and the vertebral column. The first step in interpretation is recognition
of the normal pattern. With the tagged albumin and laIIodipamide, the normal
presents no problem since the normal synovial membrane is not outlined b y
these tracers. W i t h 99"TcOi there is minimal localization in the normal synovial m e m b r a n e in most cases. The degree of localization seems to vary,
depending on the activity level of the person. There is not inconclusive evidence, but m y impression is that a sedentary person will show minimal
localization while an active person may have an almost abnormal scan. A
change in activity or occupation, therefore, could produce some change in the
99mTcOi synovial membrane scan.
A greater variant, however, is the changing pattern of localization in the
vascular and synovial membrane areas during the scan. It must be reemphasized that it is extremely important to proceed from one joint to the same
view in the contralateral joint if degree of localization is to be compared from
one view to another. W h e n all of the peripheral joints are being studied, a
standard sequence for the different views should be established so that the
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Fig. 7. positions of camera and patient for views obtained in routine
synovial membrane scan with "'~Tc0,.
(A) Anterior knee. (B) Lateral knee.
(C) Lateral ankle. (D) Feet. (E) Hand.
(F) Shoulder. (G) Elbow. Note styrofoam wedges between fingers in (E).
Tape is often useful in stabilizing
hands and feet and occasionally knee
and elbow.

different joints will be scanned at approximately the same time after injection
in all patients. After 1 hr there is localization of °°'Tc04 in normal synovial
membrane.
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A guideline for an abnormal scan is that the degree of localization must
be greater than in adjacent normal vascular areas. For example, on the lateral
view of the knee, the localization in the synovial membrane should not exceed
the activity in the posterior vascular bundle (Figs. 3 and 5). In children, t.he
localization of °9"TcOi in the normal epiphysis must not be confused with
abnormal localization in the synovial membrane. Accessories for the stationary
imaging unit that will permit quantitation of the degree of localization in
synovial membrane scans should significantly increase the diagnostic accuracy
of the initial scan. Such equ!pment would markedly improve the measurement
of response to therapy or progression of disease as demonstrated by repeat
scans.

The best source of normal synovial membrane scans in most laboratories
will be brain scan patients. Several of the cases illustrated have been scanned
with lallHSA, but" the same pattern would be obtained with °gmTcO,. A typical
example of advanced rheumatoid arthritis is shown in Fig. 4. This case also
demonstrates that, when the synovitis burns out, the localization returns to
normal. An excellent demonstration that the synovial membrane scan can
demonstrate the extent of synovitis is shown by the 131IHSA scan in Fig. 8.
The demonstration of the extent of the synovial membrane by a scan aids
the surgeon in planning a biopsy or synovectomy.
Figure 8 is a 131IHSA study that demonstrates (as does Fig. 12B) that the
synovial membrane scan can show that the synovitis is often more extensive
than expected from the patient's predominate complaint. McCarty 22 and Sholkoff 18 have confirmed our observations that the synovial membrane scan can
detect synovitis before it becomes clinically evident by other means. In experimental animals using inoculation of bacteria to produce an infectious arthritis,
Sholkoff et al. 23 documented that the synovial membrane scan with ~9"TcOi
was positive before the arthritis became clinically evident. Figure 8 documents
the problem of measuring arthritis roentgenographically for patients receiving
steroids. Here the scan has a clear advantage as an objective method for the
evaluation of the degree of synovitis.
Gout can show a scan pattern that can easily be confused with rheumatoid
arthritis (Fig. 9). Fortunately, gout and rheumatoid arthritis can usually be
separated easily by laboratory tests. The follow-up scan documents the response to therapy in this case of gout and shows that even though the patient
is essentially asymptomatic, some residual synovitis may persist. When the
synovitis is truly quiescent, the localization will return to normal.
Early Reiter's disease and rheumatoid arthritis are difficult to differentiate
b y roentgenographic and laboratory tests. The synovial membrane scan can
aid in this differentiation (Fig. 10). Another pattern show.n by Reiter's
F!g. 9. ' " T c 0 , synovial membrane scan in patient with acute gout. (A) Scan
provides objective documentation of pattern of synovitis. Localization in each
anticub!tal fossa on initial scan is due to slight infiltration at time of injection
of 99"Tc04. (B) Repeat scan after 3 mo of therapy when patient was essentially
asymptomatic still shows positive localization in most synovial membrane areas.
Degree of localization has markedly decreased. There was no infiltration at time
of injection for second scan.
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disease is marked localization in the heel and sole of the foot. This pattern is
seldom seen in rheumatoid arthritis.
Areas of osteoarthritis may or may not show a positive localization. If there
is a positive localization, it is usually a limited area, confined to the region
where there is roentgenographie evidence of disease. Rheumatoid arthritis,
however, may start as simply one area of localization in a synovial membrane.
This pattern has been noted most frequently in the knee joint. Serial scans
will show progression to involve the whole synovial membrane area. Osteoarthritis will usually retain the same pattern on serial scans. Figure 11 is a
typical case of osteoarthritis.
The cases in Fig. 12 demonstrate the ability of the synovial membrane scan
to separate nonarthritic joint complaints from those with early synovitis undetected by other methods. Our experience and that of others has been that the
synovial membrane scan is about 30% more accurate than roentgenographic
evaluation in detection of synovitis. If applied only to problem cases, the
accuracy would probably be higher. False positives do occur, but they are rare
(less than 2-5%). Most of our problems occured before we recognized fully
the pattern of normal localization with SS"TcO~. As Figs. 8 and 12B demonstrate, what could appear to be false positive localizations, upon biopsy or
follow up will frequently prove to be early detection of arthritis. McCarty, 22
Martinez-Villasefior, 16 and Sholkoff 18 have reported similar experiences.
In a few cases, a pattern noted that remains unexplained is that of hot
fingertips with an otherwise normal scan. These have occurred in young
patients with morning stiffness or migratory joint complaints. To date, none
of these cases has developed a definite arthritis. Sholkoff has reported cases
of lupus erythematosis with hot fingertips, but these cases have also had other
areas of abnormal localization. 18
COMPARISON WITH OTHER METHODS

The synovial membrane scan is an objective method for detecting and documenting synovitis in almost all forms of arthritis. It is more accurate than the
roentgenogram in detecting early synovitis and is more sensitive in measuring
the course of the patient's disease. The synovial membrane scan is more
objective and actually more accurate, especially in evaluation of the knee, than
is the physical examination. There has been excellent correlation of the synovial membrane scan with patient complaints in true arthritis. The scan cannot pinpoint the type of arthritis as accurately as laboratory tests, but the
determination that synovitis is present and evalation of the pattern of involvement are frequently helpful in establishing the correct diagnosis. The synovial
membrane scan can at times indicate the best site for biopsy. A preliminary
Fig. 10. (A) Typical synovial membrane scan for patients with Reiter's disease.
Note that predominate localization in knees would correspond to site of tendon
insertions and very positive localization in Achillies tendon. Pattern in hands
could be that of rheumatoid arthritis or gout (B) Patients with rheumatoid
arthritis can show localization in tendons, but degree of localization is usually
less and overall pattern is more typical of rheumatoid arthritis with knee and
tarsal involvement.
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Fig. 11. Osteoarthritis usually shows positive synovial membrane scan only in
areas where there is evidence of osteoarthritis on roentgeongrams. This patient
complained of pain at base of right thumb. Roentgenogram and 99"Tc0, were
both positive in this area and other joint areas were normal on both studies.

comparison with thermography suggests that the synovial membrane scan is
more sensitive in detection of synovitis, especially in the knee. Thermography
shows a more superficial pattern, while the scan can demonstrate the deep
synovial area. ~4
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Fig. 12. *''Tc0' synovial membrane scans of two patients with joint pain and
normal roentgenograms. In both patients laboratory studies were normal and
physical examination was equivocal for arthritis. (A) Normal pattern. Follow-up
on this patient for 1 yr has shown no objective evidence of arthritis. (B) Positive
localization in right third MCP joint and in both elbows. Scan confirmed that
pain in right third MCP was due to synovitis, and detected synovitis in elbows
1 mo before it became significant complaint. Rheumatoid arthritis was confirmed by laboratory studies 1 mo after scan gave first objective evidence of
synovitis.
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