tumors. The most widely used radiopharmaceutical for im
aging of the adrenal cortex is 131I6-beta-iodomethyl-norcholesterol (NP59), which delivers a high radiation dose, re
quires blocking of the thyroid gland and has a limited
resolution in addition to the considerable delay from injec
tion to imaging.
CONCLUSION

Imaging of the adrenal cortex with ' ' ' In-DTPA octreotide
using a SPECT technique has a good resolution, and it may
potentially differentiate bilateral adrenal hyperplasia secondary
to over-secretion of ACTH and increased cortisol levels sec
ondary to primary adrenal tumors. Although octreotide scintigraphy is occasionally used to image pheochromocytomas and
neuroblastomas that originate in the adrenal medulla, imaging
of the adrenal cortex has not been described previously,
including the large series by Krenning et al. (2) with more than
1000 patients. Follow-up scintigraphy may also be used as an
indicator of the response to therapy. Further research is neces
sary to evaluate this issue.
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Technetium-99m-MDP Patterns in Patients with
Painful Shoulder Lesions
Gavin Clunie, Jamshed Bomanji and Peter J. Ell
Bloomsbury Rheumatology Unit, Middlesex Hospital, London; and Institute of Nuclear Medicine and University College
London, United Kingdom
There is no consensus on the optimum mode of imaging in patients
with painful shoulder lesions. There is a particular paucity of scintigraphic data. As a result, the strengths and weaknesses of scintig
raphy cannot be adequately compared to other imaging techniques
used in shoulder imaging. This study evaluated whether specific
patterns of scintigraphic abnormality could be detected in patients
with painful shoulders seen in rheumatological practice using 99mTcmethylene diphosphonate (MDP). Methods: Scintigraphic abnor
malities were recorded in consecutive patients presenting to a
rheumatology clinic with unilateral shoulder pain. Patients were
subdivided according to patterns of clinical abnormality consistent
with a working diagnosis of a lesion located in the subacromial
region, adhesive capsulitis (frozen shoulder) or a lesion likely to be
located in the glenohumeral joint. Patterns of radiopharmaceutical
distribution in different regions of the shoulder were evaluated in the
light of clinical data and the results of shoulder radiographs. Results:
Technetium-99m-MDP scans were abnormal in 19 of 24 (79%)
patients, and radiographs were abnormal in 8 of 24 (33%) patients.
Distinct patterns of 99nTc-MDP image abnormality were identified:
an increase in 99mTc-MDP uptake in the coracoid, acromion and
medial humeral head on anterior planar images, together with an
absence of posterior planar image abnormality, frequently occurred
in association with a working diagnosis of a lesion located in the
subacromial region. Posterior planar ""Tc-MDP image abnormal
ities always occurred in patients with clinical features consistent with
a diagnosis of adhesive capsulitis. There was an 85% agreement
between two observers' scores when 99mTc-MDP distribution in
specific shoulder regions was graded. Conclusion: Distinct patterns
of 99mTc-MDP distribution may be associated with clinically-distinct
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patterns of abnormality in patients with painful shoulder lesions.
Further studies to elucidate a role for 99rnTc-MDP scintigraphy in this
patient group are warranted.
Key Words: shoulder lesions;bone scan; technetium-99m-methylene diphosphonate
J NucÃ-Med 1997; 38:1491-1495

J_/ocalizing the site of painful shoulder lesions can often be
difficult due to the interdependent movement of several func
tional articulations that make up the shoulder joint. Clinical
diagnosis frequently relies on the presence of a characteristic
but complex pattern of examination findings (/). In addition,
there is no consensus on the best imaging technique for
identifying any specific shoulder lesion, or of the optimum
imaging modality where the diagnosis is unclear (2). Available
imaging methods include radiographs, arthrography (3), arthrotomography (4), CT arthrography (5,6), MRI (7) and ultra
sound (8,9). The potential use of [99mTc]pertechnetatescintig
raphy for understanding the painful shoulder was recognized 20
yr ago (70). An association between 99mTc-methylenediphos
phonate (MDP) scintigraphic abnormalities and clinically diag
nosed frozen shoulder (adhesive capsulitis) subsequently has
been recognized (11). There are few if any studies, however,
assessing the merits of scintigraphy, either alone or combined
with other imaging modalities, in evaluating patients with
shoulder pain.
We performed shoulder scintigraphy on consecutive patients
presenting to a rheumatology clinic with shoulder pain. Our
objective was to identify and evaluate whether specific 99mTcMDP scintigraphic abnormalities could be associated with
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TABLE 1
Characteristic Clinical Features Used as a Guide for
Clinical Grouping*
Subacromial lesiont
â€¢
Hunching of the shoulder at the beginning of abduction
â€¢
Reversal of scapulohumeral rtiythm
â€¢
Painful arc
Adhesive capsulitis (frozen shoulder)1^
â€¢
Spontaneous onset of pain
â€¢
Limitation of all shoulder movements by >50% compared to
asymptomatic shoulder
Likely noncapsulitis glenohumeral lesions
â€¢
No diagnosis of adhesive capsulitis
â€¢
Pain on passive and active movements
â€¢
Pain elicted by all humeral movements
*For explanation of clinical grouping, see Methods.
tModified from Kessel and Bayley (12).

clinical patterns of abnormality in this patient group. We hoped
to gain some insight into whether bone scintigraphy can provide
more information than is currently recognized in patients with
painful shoulder lesions.
MATERIALS AND METHODS
Patients

Consecutive patients presenting with unilateral shoulder pain
were recruited from a rheumatology outpatient population. Ex
cluded from the study were patients with a possible diagnosis of a
polyarticular inflammatory disease based on history, examination
and raised erythrocyte sedimentation rate (>30 mm in the first
hour) or those with an acromioclavicular joint (ACJ) arthritis
defined by pain localizing to the ACJ on palpation and/or elicited
at the end of abduction range, increased by stressing the ACJ in
shoulder adduction and improved by local anesthetic injection into
the ACJ. A working diagnosis of the site and nature of the lesion
was made after clinical assessment. Patients were grouped accord
ing to the presence of distinct clinical patterns of abnormality
associated with a particular lesion or lesion site (12,13). The groups
were: (a) lesions thought to locate within the subacromial articu
lation of the shoulder complex, termed subacromial lesions; (b)
adhesive capsulitis (frozen shoulder); and (c) lesions thought to
originate from noncapsulitis lesions of the glenohumeral joint
(Table 1). These broad categories represent the range of typical
nonacute shoulder lesions seen in rheumatological practice and
reflect the need to discriminate the approach to initial management.
Patients in whom the site and nature of the lesion were unclear,

FIGURE 2. (A) Regions from anterior and (B) posterior bone scan images
analyzed for 99mTc-MDP uptake: 1 = coracoid; 2 = anterior acromion; 3 =
anteromedial humeral head; 4 = anterolateral humeral head; 5 = posterior
acromion; 6 = posterior glenoid; 7 = posterior humeral head.

according to clinical patterns of abnormality, were grouped sepa
rately.
All patients had standard anteroposterior (AP) shoulder and
bilateral load-bearing AP ACJ radiographs of the affected shoulder.
Radiographs were reported routinely.
Scintigraphic images were obtained of both shoulders 3 hr
following injection of 16 mCi (600 MBq) 99mTc-MDP using an
IGE single-headed camera fitted with a low-energy, high-resolu
tion collimator. Images were acquired on a 256 X 256 matrix.
Bilateral anterior and posterior-prone planar views were obtained
for 3 min. Anterior views were obtained with the detector 20Â°to the
horizontal (tilted medially) over the supine patient. The angulation
of the detector was designed to reduce the possible effect of
coracoid and anterior glenoid superimposition in the image. Pos
terior images were obtained with the patient lying prone and the
arm hanging vertically. The detector was positioned parallel to the
scapular blade (30-45Â°). This angle allowed the clearest view of
the posterior glenohumeral joint space (Fig. 1).
Regions of the shoulder (Fig. 2) were graded for abnormal
99mTc-MDP uptake independently by two observers. One of the
observers was blinded to the clinical findings and both observers
were blinded to the patient details at the time of image scoring. The
scores were: 0 = no increase in "'"Tc-MDP uptake (normal); 1 =
increase in 99mTc-MDP uptake; and 2 = marked increase in
99mTc-MDP uptake.

R-120

L-100-

FIGURE 3. Measurement of the scapulohumeral angle from posterior "TcFIGURE 1. Posterior imaging of the glenohumeral joint. The angled camera
detector with the patient lying prone (left) allows a clear view of the posterior
glenohumeral joint (right, arrow).
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MDP images. The scapulohumeral angle (measured between the scapular
spine and humeral shaft) is reduced in the left shoulder compared to the right
(100Â°versus 120Â°).This patient had clinical features suggestive of a left
subacromial lesion.
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TABLE 2
Clinical Groups and Patient Details

Clinical
pattern of
of
abnormality*Subacromial
patients13

trauma
(no.)8
(62%)*

duration of
symptoms
(range)3.1

glucocorticoid
injections*
(%patients)5

(0.5-9)
6.9(3-12)

(38%)
Capsulitis
3 (43%)
7
GlenohumeralUnclearNumber
6019.5(3-60)Previous
13(100%)
13Preceding
00Meanmonthly

*For explanation of clinial groups, see Methods and Table 1.
*ln all patients, injections were made by the primary care physician; it was

B

not possible to obtain an accurate record of the site of injection.
*ln each patient, the trauma was sustained by a fall either forwards or
sideways onto the outstretched arm.

From comparisons of the posterior 99mTc-MDP shoulder images,
the observation was often made that a discrepancy occurred in the
angle between the line of the scapular spine and the axis of the
humeral shaft (Fig. 3). The angle, termed the scapulohumeral
angle, was subsequently measured on all posterior 99mTc-MDP
images of symptomatic and asymptomatic shoulders using a
protractor. A 2 X 2 contingency table was constructed to test the
hypothesis that a reduction in scapulohumeral angle, measured on
the side of symptomatic shoulder, may be associated with an
abnormal 99nTc-MDP shoulder scan. Significance was calculated
using Fisher's exact test.
RESULTS
Twenty-eight patients were enrolled. Four patients were
excluded from the series: one with polyarticular inflammation
and three with clinical features suggestive of an ACJ lesion.
Twenty-four patients had 99mTc-MDP scintigraphy. In most
cases, patients were seen and scanned early after the onset of
their symptoms. In almost half, one or more subacromial or
glenohumeral joint glucocorticoid injections had been given,
but no patients had had an injection in the previous 3 mo.
Clinical group data and details of patients who had scintigraphic
evaluation are shown in Table 2. In total, (19/24) 79% 99mTcMDP images of the symptomatic shoulder were abnormal
compared to 33% of radiographs (Table 3). The most frequently
scored region of increased
Tc-MDP uptake was the anteromedial humeral head (Region 3, Fig. 2). This region was scored
in nine of 10 (90%) abnormal scans from patients with clinical
features consistent with a subacromial lesion and four of five

FIGURE 4. Pattern of ""Tc-MDP

uptake in a patient with features consistent

with a diagnosis of adhesive capsulitis. (A)Anterior and (B) posterior shoulder
Â¡magesshow increased ""Tc-MDP
uptake in the left glenoid and humeral
head (arrow).

(80%) abnormal scans from those with features suggestive of an
adhesive capsulitis. In 21 of 24'(86%) patients, no increased
99mTc-MDP uptake was noted in the asymptomatic shoulder. In
the other three patients, an increase (score of 1) in 99mTc-MDP
uptake was noted in a single region which was, in each case, the
acromion on the anterior planar image.
In patients with a clinically determined subacromial lesion,
posterior image abnormalities were rare. Only four posterior
regions of a total possible 52 regions (8%) were scored
abnormal. By comparison, there were posterior image abnor
malities in every abnormal scan of patients in the adhesive
capsulitis group (Fig. 4). In these images, increased radionuclide uptake was noted in the posterior glenoid and posterior
humeral head regions.
The combination of increased 99mTc-MDP uptake in the
coracoid, acromion and medial humeral head on the anterior
images was present in 6 of 10 patients with clinical features
suggestive of a subacromial lesion (Fig. 5). This pattern was
observed only once in scans of patients in other clinical groups

TABLES
Frequency of Scintigraphic and Radiographie Abnormalities in
Patients with Clinical Features Consistent with Various
Shoulder Lesions
Clinical
pattern of
abnormality*Subacromial

Capsulitis
Glenohumeral
UnclearNumber
Total

(%) of
abnormal
""Tc-MDP
scans10/13(77)

5/7(71)
1/1 (100)
3/3(100)Number

19/24(79)

(%) of
abnormal
radiographs3/13(23)

1/7(14)
1/1 (100)
3/3(100)
8/24 (33)

*For explanations of clinical groups, see Methods and Table 1.

FIGURE 5. Pattern of bone scan abnormality in a patient with features
consistent with a diagnosis of a subacromial lesion. There is increased
""Tc-MDP
uptake in right coracoid, acromion and medial humeral head
(arrow).
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(1/8) and, in this patient, there were also posterior image
abnormalities.
The 99mTc-MDP scan was abnormal in patients (3/4) in
whom the clinical pattern of abnormalities did not allow simple
clinical classification. The 99mTc-MDP scan abnormalities in
each of the three cases seen were: (a) a humeral head hot spot
on a posterior image appearing to correspond anatomically to
the site of uncorticated erosion on a radiograph; (b) increased
radiopharmaceutical uptake in the humeral head on the anterior
image and marked increase in uptake around the posterior
glenohumeral joint margin viewed posteriorly (in this case, the
AP shoulder radiograph showed an inferomedial humeral head
osteophyte); and (c) increased radiopharmaceutical uptake in
the anterior acromion and anteromedial humeral head (in this
case, slight subluxation of the ACJ was noted on the ACJ
radiograph).
There was 85% complete agreement between observers in
scoring 99mTc-MDP uptake. Partial agreement (observers'
scores differinjg by one) was attained in over 99% of scores.
Abnormal 9 mTc-MDP shoulder scans, judged by increased
radiopharmaceutical uptake in either anterior and/or posterior
planar shoulder images, were associated significantly with a
scapulohumeral angle of 100Â°or less on the same side (p =
0.005 Fisher's exact test).
DISCUSSION

Although abnormal bone scan images have been identified in
patients with arthrographically diagnosed rotator cuff tears or
capsulitis (11) and in patients with idiopathic frozen shoulder
(14), additional studies need to be done on distinct patterns of
99mTc-MDP scan abnormality in patients with different nonneoplastic, noninfective shoulder lesions.
Validation of the patterns of 99mTc-MDP scan abnormality
and quantification of the performance of the investigation
cannot be made from this study and will rely ultimately on the
comparison of results to a gold standard of diagnosis. However,
there is no established standard for identification of soft-tissue
shoulder lesions (2). The most widely used standard for
validating shoulder imaging techniques appears to be arthroscopy (15,16). It is well recognized, however, that subacromial
soft-tissue (IT) and adhesive capsulitis lesions (18,19) often
improve adequately with conservative management in many
patients. This raises the question as to whether it is ethical to
undertake a study using arthroscopy to substantiate these
diagnoses. As some controversy still surrounds the diagnostic
ability of MRI in identifying some subacromial (2,15), and
capsular lesions (16), MRI may not be the gold standard either.
The argument that consistent patterns of 99mTc-MDP uptake
occur in association with distinctive patterns of clinical abnor
mality may be strong enough to justify further investigation of
the role of 99mTc-MDP scintigraphy in patients with shoulder
pain in rheumatological practice.
The distinctive scintigraphic abnormalities we have described
rely on posterior prone imaging to provide an unobstructed
view of the posterior glenohumeral joint line, inferior glenoid
and labrum. An anterior view of the glenohumeral joint, using
a conventional horizontal detector alignment, may theoretically be
obscured by normal or abnormal
Tc-MDP uptake in the
acromion, ACJ and the coracoid process. We, therefore, suggest
that both posterior prone and oblique anterior imaging may be
helpful in interpreting regional 99mTc-MDP uptake around the
shoulder joint complex.
The observation of a difference in alignment of the scapula
relative to the humÃ©rusbetween symptomatic and asymptom
atic shoulders was not surprising given that patients with any
1494

shoulder lesion may have abnormal scapular movement during
elevation of the arm. The angle between the scapula and the
humÃ©rusappears to be measurable on posterior prone bone scan
images, and we have termed the measurement "scapulohumeral
angle." A reduction in this angle appears to be significantly
associated with an abnormal scan. This simple measure may
have potential as a prognostic indicator in rotator cuff disease or
subacromial impingement, or it could be used to identify
changes in scapulohumeral movement in association with
therapy or after subacromial decompression.
The pattern of 99mTc-MDP uptake in patients with subacro
mial lesions is difficult to explain and must account for the
presence of inflammatory tissue adjacent to the periosteum of
all three bony structures: acromion, coracoid and medial hu
meral head. One explanation may be that there is mild inflam
mation of the subacromial bursa. This large bursa is bounded by
the inferior surface of the acromion above and the supraspinatus
and infraspinatus tendons as they form a tight cuff over the
humeral head below (Â¡3).Part of the roof of the bursa is formed
by the coracoacromial ligament. Together, acromion, ligament
and coracoid form the coracoacromial arch. Inflammation of the
bursa may occur secondary to repeated impingement of sub
acromial soft tissue between the rotating humeral head and the
coracoacromial arch in humeral elevation (20). Thus, the
proximity of inflamed bursal tissue to acromial, medial humeral
head and coracoid periosteal surfaces might explain the trian
gular pattern of 99mTc-MDP uptake seen in patients with an
abnormal subacromial clinical pattern.
It is important to discriminate capsulitis from subacromial
impingement or rotator cuff pathology to determine correct
treatment and offer accurate advice to patients. The consistent
occurrence of posterior glenohumeral 99mTc-MDP uptake in
patients with a working diagnosis of adhesive capsulitis, and the
relative absence of this abnormality in patients thought to have
a subacromial lesion, may be important in distinguishing
patients with capsulitis from those with a subacromial lesion.
However, the strength of association between scintigraphic and
clinical abnormalities must be evaluated in larger prospective
imaging and arthrographic studies.
It is interesting to note that there were both radiographie and
99mTc-MDP abnormalities in the patients in whom the exami
nation findings did not fit easily into a recognized pattern of
abnormality. We thought that a clinical pattern of abnormality
was difficult to assess in two of the three patients who had both
glenohumeral articular and subacromial impingement abnor
malities. We considered that bone scintigraphy provided infor
mation that contributed to the management of each patient,
although it is difficult to draw strong conclusions about the
complex patterns of scintigraphic abnormalities.
CONCLUSION

We have shown that distinct patterns of abnormality of
99mTc-MDP uptake may be associated with clinically-distinct
patterns of abnormality in patients with shoulder pain. The
acquisition of suitable images requires careful attention to
scanning technique. It may be possible to derive information
from the images that reflects the inter-relationship between
scapular and humeral movement associated with shoulder pain.
Taken together, these results suggest that bone scintigraphy has
the potential to provide more information than may be currently
recognized in patients with nonacute, painful shoulder condi
tions.
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Fluorine-18-FDG PET in Paget's Disease of Bone
Gary J.R. Cook, Michael N. Maisey and Ignac Fogelman
Clinical PET Centre, Guys and St. Thomas Hospitals, United Medical and Dental Schools, London, United Kingdom
Paget's disease of bone is common in the elderly and is associated
with increased osteoblastic and osteoclastic activity at affected sites
in the skeleton. It is not known whether this high metabolic activity is
associated with increased glycolysis and, hence, uptake of
[18F]FDG. The appearances of Paget's disease with [18F]FDG PET
have not been described and it is not known whether Paget's may
cause false-positive studies in those undergoing oncological staging
or whether [18F]FDG PET can reliably differentiate benign pagetic
change from osteosarcoma that may complicate Paget's disease.
We reviewed [18F]FDG PET scans in patients with uncomplicated
Paget's disease and documented its appearances. Methods: Eigh
teen patients with established Paget's disease and typical radiolog
ical features had 99mTc-MDP bone scans and [18F]FDG PET scans
performed. Serum alkaline phosphatase (ALP) was also measured.
Results: All patients showed high uptake of MDP in affected bones.
Of the 18 patients only six showed any uptake of [18F]FDG. This
occurred in some but not all bones shown to be involved on MDP
bone scans. Three patients demonstrated low-grade uptake and
three showed marked accumulation of [18F]FDG. The [18F]FDGpositive group had higher serum ALP levels than the [18F]FDGnegative patients (p < 0.05). Conclusion: Paget's disease of bone is
not associated with abnormal [18F]FDG uptake in the majority of
patients and, therefore, there is potential for discriminating between
benign Paget's disease and associated Paget's sarcoma. However,
low-grade uptake may be seen in patients with more active disease
as measured by ALP. Rarely, marked uptake of [18F]FDG may be
seen and Paget's disease should be included as a possible cause of
false-positive scans in elderly patients who are being assessed for
metastatic disease.
Key Words: Paget's disease; fluorine-18-FDG; PET; technetium99m-MDP bone scintigraphy

Paget's disease may be present in up to 5% of the population,
but there are wide regional variations and the majority of cases
are asymptomatic (2).
Paget's causes increased osteoblastic activity in bone as
demonstrated by bone scintigraphy, but it is not known whether
glycolysis is similarly enhanced as appearances on [18F]FDG
PET scans have not been recorded. If the osteoblastic and
osteoclastic activity of this disease is associated with increased
glycolysis and as there is a relatively high incidence in some
areas, it could potentially cause false-positive [18F]FDG PET
studies in those with incidental Paget's disease undergoing
oncological staging.
Complications of Paget's due to abnormal remodeling may
result in pressure effects on neighboring tissues or pathological
fracture, but the most serious complication of sarcomatous
change is relatively rare, occurring in less than 1% of affected
patients (3). However, it is notoriously difficult to differentiate
benign pagetic change from complicating osteosarcoma with
current imaging techniques. Fluorine-18-FDG PET can differ
entiate benign from malignant tissue in many tumors, in that
increased glycolysis of malignant tissue being reflected in
enhanced accumulation of this tracer. Fluorine-18-FDG PET
could be a useful tool in distinguishing the benign changes of
Paget's disease from associated osteosarcomas.
In a preliminary investigation, we studied 18 patients with
uncomplicated Paget's disease of bone using [18F]FDG PET to
see if false-positive oncological PET scans resulted and exam
ined the potential of [18F]FDG PET to differentiate benign
changes from Paget's sarcoma.
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Aaget's

disease of bone, first described by Sir James Paget in

1877 (1), is a disease of uncertain etiology. It is characterized
by an imbalance of osteoclastic and osteoblastic activity with a
rise in serum alkaline phosphatase (ALP) and abnormal remod
elling of bone leading to typical radiograph appearances.
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MATERIALS AND METHODS

Eighteen patients ( 11 men, 7 women; mean age 71 yr) with
established Paget's disease and typical radiological features had
99mTc-MDP whole-body bone and [18F]FDG scans performed.
Thirteen patients previously had received treatment with disodium
pamidronate at a mean of 19 mo (range 1-48 mo) before scanning.
Seventeen patients had no history of cancer. One patient had
carcinoma of the prostate diagnosed 4 yr after diagnosis of Paget's
disease. Bone scan findings had not changed over a 9-yr period,
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