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Preface

The most frequently requested investigation in any nuclear medicine department remains
the technetium-99m (°°»Tc)-labelled diphosphonate bone scan. Despite rapid advances in
all imaging modalities, there has been no serious challenge to the role of bone scanning
in the evaluation of the skeleton. The main reason for this is the exquisite sensitivity of
the bone scan for lesion detection, combined with clear visualisation of the whole skeleton.
In recent years several new diphosphonate agents have become available with claims for
superior imaging of the skeleton. Essentially, they all have higher affinity for bone, thus
allowing the normal skeleton to be visualised all the more clearly. However, as will be dis-
cussed, this may occur at some cost to the principal role of bone scanning, lesion detection.

The major strength of nuclear medicine is its ability to provide functional and physiological
information. With bone scanning this leads to high sensitivity for focal disease if there has
been any disturbance of skeletal metabolism. However, in many other clinical situations,
and particularly in metabolic bone disease, more generalised alteration in skeletal turnover
may occur, and quantitation of diphosphonate uptake by the skeleton can provide valuable
clinical information.

The use of single photon emission tomography (SPECT) for imaging the skeleton is increas-
ingly being shown to be of value in problematic cases where results from planar images
may be equivocal. Measurement of bone mineral content by single and dual photon absorp-
tiometry is currently of considerable interest as physicians and the public alike become more
aware of the major health issues relating to osteoporosis. These are some of the newer aspects
of the use of radioisotopes in the investigation of bone disease which have been included
in the present text.

In Bone Scanning in Clinical Practice a group of experts from the UK and North America
have joined forces to bring together their experience with ‘‘bone scanning” . Topics covered,
in addition to the aforementioned, include the history of bone scanning, mechanisms of
uptake of diphosphonate in bone, the normal bone scan, and the role of bone scanning
in clinical practice. The aim of this book is to provide a source of reference relating to bone
scan imaging for all those who are interested in the skeleton. While I believe the information
presented will be of value to those in nuclear medicine, I hope that others in fields such
as endocrinology, rheumatology, orthopaedics and oncology will find much of relevance
to their clinical practice.

London, 1986 Ignac Fogelman
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Introduction

I. Fogelman

It is generally accepted that the bone scan is more sensitive than radiography in detecting
skeletal disease ; however, it is important to be aware that each of these investigations asses-
ses different parameters in relation to bone. X-ray absorption reflects bone mineral content
and shows the net result of bone destruction and repair. The bone scan, however, is a study
of function depending upon osteoblastic activity and, to a lesser extent, skeletal vascularity
for uptake of tracer (Davis and Jones 1976). In the context of disease the scan indicates
the dynamic response of bone to whatever insult is present, be it traumatic, inflammatory
or neoplastic.

If involvement of the skeleton by malignancy is chosen as a specific example of disease,
then when tumour cells invade bone they produce two basic effects: bone destruction, usu-
ally mediated via osteoclasts, and an osteoblastic reaction, which represents attempts by
the surrounding bone to repair the destructive effects (Milch and Changus 1956). Radio-
graphs demonstrate both processes; bone destruction is seen as radiolucencies (osteolytic
areas) and bone repair as radiodensities (osteosclerotic areas). Bone destruction, however,
must be advanced before an abnormality is seen on the radiograph, and it has been suggested
that a lesion in trabecular bone must be greater than 1-1.5 cm in diameter, with loss of
approximately 50% of bone mineral before radiolucencies will be apparent on a conventional
radiograph (Edelstyn et al. 1967). Early in bone repair, insufficient mineral has been laid
down to be visualised radiographically as radiodensities. For these reasons the radiograph
is normal during the early phase of tumour involvement, and several studies have confirmed
that histologically proven metastases may not be detected by radiography (Borak 1942;
Shackman and Harrison 1948). The bone scan is based on an entirely different principle.
Tracer uptake is not directly dependent on bone destruction, but reflects the functional reac-
tion of the bone to tumour invasion. There is an increase in new bone formation with
increased skeletal blood flow following tumour invasion and this is demonstrated by high
uptake of a bone-seeking radiopharmaceutical. It is important to note that the increased
concentration of tracer is not due to or directly dependent on the metabolism of the tumour
cells themselves, but is directly related to the local changes in bone metabolism consequent
upon tumour invasion.

Thus, early in bone invasion by tumour, a positive bone scan may be associated with
normal radiography. As the tumour progresses, the bone destruction it causes will become
visible on the radiograph as an osteolytic lesion. In these circumstances bone reaction is
considerable, and the bone scan result is also strongly positive. If the tumour does not prog-
ress, calcium will be laid down during the healing process in such quantities that sclerotic
areas will be visible on the radiograph. At this stage the results of both investigations are
positive. Eventually, if the lesion heals completely, there will be extensive calcification pro-
ducing a dense appearance on the radiograph. At this stage the bone scan may appear
normal.

As the bone scan depends on the metabolic reaction of the bone, it is clear that if there
is little or no bone reaction to tumour invasion, the scan may be normal or near normal
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despite radiographic evidence of bone destruction. This occurs infrequently but may be found
in some cases of myeloma (Leonard et al. 1981) and, rarely, with rapidly growing anaplastic
carcinoma or, conversely, in cases of indolent tumours such as thyroid cancer (Charkes
1970). If bone destruction is extensive (Goergen et al. 1974), or if bone metabolism is modi-
fied by radiotherapy (Cox 1974), a “cold” area may be seen, corresponding to the area
of diminished bone activity.

Similarly, in the metabolic bone disorders considerable alteration in bone calcium may
occur without detectable change on the radiograph. If there is net balance between bone
formation and bone resorption, albeit if both are increased, then these changes may theoreti-
cally never be revealed by radiography (De Nardo 1966). Radioactive tracer techniques may
circumvent these difficulties since they depend only upon increased bone turnover regardless
of the net calcium balance. It is clear, however, that the techniques of skeletal radiography
and scintigraphy are in many instances complementary, and maximum diagnostic informa-
tion can often be obtained by performing both studies.
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1  The Bone Scan—Historical Aspects

I. Fogelman

Introduction

The earliest indication that radionuclides could
accumulate in the skeleton originated from observa-
tions in painters of luminous watch dials who devel-
oped bone necrosis, osteomyelitis and bone tumours
following chronic exposure to radium (Blum 1924;
Hoffman 1924). It was initially thought that this
radionuclide was taken up by reticuloendothelial
cells, until autoradiography of human post-mortem
material revealed that the bone itself was radioac-
tive (Martland 1926). Nevertheless, it was widely
believed that bone was metabolically inactive until
Chiewitz and Hevesy (1935) demonstrated
incorporation of 32P phosphate into the skeleton of
adult rats.

Although we now know that the skeleton is com-
posed of living tissue and is metabolically active,
many deficiencies remain in our understanding of
the aetiology and pathophysiology of bone disease.
However, with the development of the current bone-
seeking radiopharmaceuticals—the technetium
-99m (**"Tc)-labelled diphosphonates—agents
became avdilable that were extremely sensitive for
the detection of alterations in skeletal metabolism
and the identification of disease.

While the bone scan is currently accepted as a
powerful investigational tool in the evaluation of
patients with both benign and malignant skeletal

disease, it is worth reflecting that it is only a mattter
of some 10 years since the introduction of the “new”’
radiopharmaceuticals which made clear visualisa-
tion of the skeleton possible. The bone scan as we
recognise it today results from the development of
29mTc-labelled polyphosphate by Subramanian in
1971 (Subramanian and McAfee 1971). That
report is the foundation on which the subsequent
development of *°»Tc-labelled bone-seeking agents
is based. The excellent physical characteristics of
29nTc are well documented (Harper et al. 1965;
McAfee and Subramanian 1975). The short physi-
cal half-life of 6.02 h is ideal for many studies. The
monoenergetic gamma emission of 140keV is
easily collimated and the absence of biologically
hazardous beta decay reduces the absorbed dose of
radiation. Thus the introduction of a bone-scanning
agent which could be labelled with **»Tc was clearly
a major advance; indeed, ideal physical properties
combined with relatively low cost and easy avail-
ability make °°Tc the radionuclide of choice in
radioisotope imaging procedures for nearly every
major organ system in man (Harper et al. 1965).
In addition to the introduction of ?°=Tc-labelled
bone-scanning agents there was continuing deve-
lopment of nuclear medicine imaging devices with
improvement in their resolution (Anger 1964;
Cooke and Kaplan 1972). These factors combined
to allow clear visualisation of the skeleton and to
produce the bone scan that we are familar with
today.
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Bone Scanning With Strontium-85
and Fluorine-18

The history of bone scanning commences some 10
years earlier than Subramanian’s important publi-
cation, and the first report of skeletal imaging with
aradionuclide was from Fleming et al. (1961) using
strontium-85 (*3Sr). They found that #5Sr localised
at areas of increased osteoblastic activity, and the
scan could be used as an index of bone repair; they
concluded that scanning of bone lesions was practi-
cal and informative. However, the increasing use of
bone scanning in clinical practice throughout the
1960s was greatly influenced by the efforts of Drs.
Sklaroff and Charkes. In many articles (Charkes and
Sklaroff 1964; Charkes et al. 1964; Sklaroff and
Charkes 1964; Charkes etal. 1966; Sklaroff and
Charkes 1968; Charkes et al. 1968) they demon-
strated that bone scan imaging had a primary role
to play in the detection of skeletal metastases. Their
extensive experience was supported by a series of
reports from De Nardo and colleagues (De Nardo
1966; De Nardo et al. 1966; De Nardo 1968; De
Nardo et al. 1972) confirming the practicality and
usefulness of bone imaging. The cumulative exper-
ience with #5Sr showed clearly that bone scanning
consistently detected lesions months before radio-
graphs of the skeleton became abnormal. Thus by
1970 the bone scan had already become a clinically
acceptable procedure, but radiostrontium —initially
#5Sr and later 7=Sr (Charkes 1969)—the most prac-
tical bone agent available, was far from ideal
(Fig. 1.1). The low gamma yield, gut excretion of
tracer which could interfere with lesion visualisa-
tion, limitation of use to patients with malignant
disease because of high radiation dose, and pro-
longed delay from injection to imaging led to
increasing dissatisfaction with #3Sr. It is of interest
today that a bone scan with #°Sr could only be
obtained after a delay of some 24-48 h following
injection to allow excretion of non-skeletal tracer
via bowel and urinary tract (Sklaroff and Charkes
1964), and a single view of pelvis could take 30—
45 min to obtain (De Nardo 1966). On the other
hand, #’=Sr had a short physical half-life (2.8 h) and
larger activities could be injected, making it possible
to obtain scans of high count density with relatively
short patient scanning times (Volpe 1971). How-
ever, the main disadvantage of 3’™Sr was the slow
blood clearance of tracer. High background activi-
ties in blood and soft tissues resulted in low target
background ratios and thus relatively poor visu-
alisation of normal and pathological bone until
many hours after injection (Weber et al. 1969). The
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Fig. 1.1 **Sr scan of anterior pelvis (with overlay to define outline
of pelvis) with metastases present in pelvis, spine and femora.
(From Sklaroff and Charkes 1964. Reproduced by courtesy of Dr.
N. D. Charkes and with permission from the Journal of the Ameri-
can Medical Association. Copyright 1964, American Medical
Association)

short physical half-life of #’™Sr, however, precluded
waiting until background levels were low, when opti-
mum target/background ratios would be obtained.
It was reported that the high blood and extracellular
fluid activities of #’mSr could lead to erroneous false-
positive diagnoses (Charkes 1969).

Some of the disadvantages of imaging with the
strontium isotopes had already been overcome with
the introduction of fluorine-18 (**F) by Blau and
associates (Blau et al. 1962). With more favourable
radiation dosimetry and faster blood clearance, it
was possible to administer larger activities resulting
in greater count density and faster scanning speeds.
Visualisation of the entire skeleton thus became
practical with '*F; it quickly replaced the strontium
isotopes as the scanning agent of choice and exten-
sive experience was accumulated with its use (Blau
et al. 1962 ; French and McCready 1967 ; Blau et al.
1972; Sharma and Quinn 1972; Fordham and
Ramachandran 1974; Shirazi et al. 1974). How-
ever '*F required cyclotron production and was
expensive; these disadvantages, combined with its
short physical half-life, (1.83 h), created insoluble
problems regarding widespread distribution of this
radionuclide. Thus only relatively few centres could
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use '*F, which precluded general acceptance of this
reliable and effective radionuclide.

The search for a satisfactory bone scan compound
continued. Many alternative nuclides and radio-
pharmaceuticals were considered. These included
gallium-68 (°*Ga; Hayes et al. 1965 ; Edwards et al.
1966) and *°mTc pertechnetate (Tow and Wagner
1967). Because of the chemical similarity to cal-
cium, several nuclides of the alkaline earth element
barium (Ba) were evaluated. Both !3!Ba and *3*5™Ba
were found to have excellent physical character-
istics and rapid blood clearance (Lange et al. 1970;
Spencer et al. 1970; Subramanian 1970). Another
promising group of agents were chelates of the rare
earth elements (the lanthanides) (O'Mara et al.
1969). Of these compunds the N-hydroxyethylene
diamine triacetic acid (HEDTA) chelate of
dysprosium-157 (**’Dy) appeared to have the most
suitable properties (Subramanian et al. 1971 ; Yano
etal. 1971).

While some initial excitement was generated by
the agents described above, their roles as bone-
scanning agents in clinical practice were completely
supplanted by the introduction of **Tc polyphos-
phate by Subramanian and McAfee (1971).

Introduction of °°™Tc Phosphate

Animal studies using polyphosphate labelled with
phosphorus-32 (32P) were first carried out by Fels
and co-workers in 1959 (Fels et al. 1959). They
demonstrated that the accumulation of tracer in
bone relative to soft tissue was greater for polyphos-
phate than orthophosphate. There were major
therapeutic implications from this work regarding
the possibility of delivering higher amounts of 3*P
selectively to sites of bone metastases; indeed, sub-
sequent studies (Kaplan et al. 1960) on human sub-
jects with carcinoma of the prostate verified
increased localisation of polyphosphate *?P in bone
in proportion to the severity of malignant disease.
If polyphosphate with increased skeletal affinity had
applications in the realm of therapy, could it not also
be of use in the diagnosis of disease ?

Several years earlier Neuman and Neuman
(1953) had described localisation of anionic metal
complexes in bone. As *°™Tc readily forms anionic
complexes, it was considered feasible to obtain selec-
tive osseous localisation of this radionuclide (Subra-
manian and McAfee 1971). The polyphosphates,
also known as condensed phosphates, are com-
pounds which possess chains of -P-O-P— units

joined together. Their ability to prevent deposition
of calcium carbonate from solution is well known
(Fleisch and Russell 1970), and it was predicted that
polyphosphates would have strong affinity for
hydroxyapatite crystals in the mineral phase of
bone, in particular for sites of new bone formation.
Such affinity had been previously demonstrated
in autoradiographic studies using *2P-labelled poly-
phosphate (Fels etal. 1959). Techniques were
already available for reducing *°=Tc pertechnetate
with stannous chloride (Eckelman and Richards
1970) which made it possible to label phosphate
compounds with **=Tc.

This was the background to that initial publica-
tion from Subramanian and McAfee (1971). A com-
pound with high skeletal affinity was combined with
aradionuclide with near-perfect physical properties,
thus introducing °°»Tc-labelled phosphate bone-
scanning agents (Fig. 1.2) to clinical practice
(Subramanian et al. 1972a). While the first bone
scans may have had rather high body background
activity, the skeleton was nevertheless clearly
discernible.

Following the initial development and introduc-
tion of **™Tc polyphosphate, attention turned to
other phosphates which might be suitable bone-
scanning agents. **™Tc pyrophosphate (Fig. 1.2)
appeared promising. Pyrophosphate is believed to be
important in regulating the calcification process in
bone, although its precise role in calcium metab-
olism and in disorders of bones and teeth is not well
defined (Fleisch and Russell 1970, 1972). When
labelled with °°mTc, pyrophosphate provided
improved bone to background activity ratios, and
satisfactory scans were obtained in experimental
animal and early patient studies (Perez et al. 1972;
Fletcher et al. 1973; Hosain et al. 1973 ; Huberty
etal. 1974). Bone scanning was now rapidly
becoming established in clinical practice as scans
looked like bone surveys—an advantage Sklaroff
and Charkes did not have with #Sr and #7=Sr.

Shortly after the introduction of **Tc polyphos-
phate and °°™Tc pyrophosphate, yet another group
of bone-scanning agents, the diphosphonates
(Fig. 1.2), became available. The development of the
diphosphonates stemmed from the search for a
therapeutic agent in bone disease which combined
the biological properties of pyrophosphate and
polyphosphate, together with resistance to enzy-
matic destruction in vivo (Fleisch etal. 1969;
Francis et al. 1969). While the possibility of using
both polyphosphate and pyrophosphate as thera-
peutic agents had been considered (Russell and
Smith 1973), their rapid destruction by tissue phos-
phatases made this impossible. During the late
1960s, however, a diphosphonate (hydroxy-
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ethylidene diphosphonate) was shown to be of value
in the treatment of myositis ossificans (Bassett et al.
1969) and was soon after evaluated in Paget’s
disease (Smith et al. 1971). Today, diphosphonates
are a standard therapy for Paget’s disease (Russell
et al. 1974; Khairi et al. 1977), and many other
potential clinical applications have been suggested
(Russell and Smith 1973). **»Tc-labelled diphos-
phonate (hydroxyethylidene diphosphonate) as a
bone-scanning agent was independently proposed
and evaluated by several groups of workers
(Castronovo and Callahan 1972; Tofe and Francis
1972; Subramanian etal. 1972b; Yano etal.
1973), and evidence was obtained that diphos-
phonate provided improved scans when compared
with either **»Tc pyrophosphate (Citrin et al. 1975;
Fogelman etal. 1977) or ®F (Silberstein et al.
1973). Within a year a major clinical study from
Pendergrass etal. (1973) using °°"Tc diphos-

( hydroxyethylidene

Fig. 1.2 Chemical structure of
polyphosphate, pyrophosphate and
diphosphonate.

phonate summarised their experience with 500
bone scans. It had taken Sklaroff and Charkes
almost 8 years to obtain similar numbers of patient
studies using **Sr (Charkes et al. 1968).

Thus, within a short period of time, three new,
good bone-scanning agents had become available
(**=Tc polyphosphate, pyrophosphate and diphos-
phonate). Since then, cumulative experience has
shown that the diphosphonates are the bone-
scanning agents of choice (Dunson etal. 1973;
Krishnamurthy et al. 1974; Serafini et al. 1974)
with superior detection of lesions in metastatic
disease (Citrin et al. 1975; Fogelman et al. 1977;
Silberstein et al. 1978). While other agents such as
?9nTc monofluorophosphate (Citrin et al. 1974),
29mTc sodium trimetaphosphate (Nelson et al. 1975)
and *°"Tc imidodiphosphate (Subramanian et al.
1975a) have since been evaluated, none has presen-
ted a serious challenge to ?°»Tc hydroxyethylidene
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diphosphonate. However, Subramanian and col-
leagues in 1975 introduced a new diphosphonate,
methylene diphosphonate (Subramanian et al.
1975b). This compound had more rapid blood
clearance than hydroxyethylidene diphosphonate
and higher skeletal affinity. It is currently the most
widely used bone-scanning agent. Nevertheless, the
search for a better scanning agent has by no means
stopped, and at present two further diphosphonate
compounds (hydroxymethylene diphosphonate and
dicarboxypropane diphosphonate) are available.
While these agents appear to have higher absolute
bone uptake than methylene diphosphonate, they
have not yet been shown to have any clinical
advantage.
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M. D. Francis and I. Fogelman

Introduction

Bone scanning or scintigraphy is directed towards
identifying sites of altered skeletal metabolism and
abnormal foci of calcium phosphate deposition,
such as heterotopic ossification and soft tissue cal-
cification. The requirements of an ideal bone-
scanning agent are excellent imaging properties of
the nuclide, high concentration of the nuclide at the
abnormal site, little or no extraosseous or non-
calcification site uptake, minimum tissue radiation,
simple and safe preparation of the agent and ready
availability of the nuclide. No scanning agent has
all these ideal characteristics but the **™Tc diphos-
phonates come closest to satisfying the above
criteria. °°mTc¢ is easily obtained from a
molybdenum-99/technetium-99m generator. The
scheme, abundances, half-lives and energies are
shown in Fig. 2.1.

99
42 Mo

Fig. 2.1. The decay scheme of
molybdenum-99 into technetium-99m
and finally into technetium-99. The
half-life of each nuclide is shown in
parenthesis in hours (h) or years (y).

The abundance of the energy forms are 4399""Tc

Reduction of *°™Tc O4~

When ?°mTc(VII)O,~ is eluted from a generator for
bone scanning, it must be reduced to a lower oxida-
tion state *°™Tc(III, IV or V) for effective complexing
with ligands which will direct the nuclide to bone
(Russell et al. 1978 ; Steigman et al. 1978 ; Wilson
and Pinkerton 1985). Diphosphonates and
pyrophosphate are the most commonly used ligands
for bone scanning. Stannous tin (Snll) is generally
used for reducing the ***TcO,~ in commercial bone-
scanning kits (Srivastava et al. 1977), but reduction
and complexing can also be achieved chemically by
other agents (Fritzberg et al. 1977; Deutsch et al.
1980), electrolytically by amperometric titration
(Russell 1977) or by polarography (Grassi et al.
1979). The similarity in biological uptake of **Tc
reduced by three separate methods and complexed
with a diphosphonate is shown in Fig. 2.2. There
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shown in percentages, and the various
gamma radiation energies of
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is essentially no difference in biodistribution of **™Tc
in either soft or hard tissue among the three dif-
ferently reduced complexes.

The difference in uptake and clearance from bone 10
of the Sn(Il) reduced °°™Tc hydroxyethylidene
diphosphonate (**»Tc-HEDP) complex and unredu-
ced **=TcQO,~ is shown in Fig. 2.3. The unreduced
*9nTc0,~ has little or no retention on bone while
the reduced diphosphonate complex °°=Tc-HEDP
has approximately 1000 times more retained dose
(Francis et al. 1976).
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!\ o 99MT¢(Sn)-HEDP

4 99M T¢(NaBH )-HEDP
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Fig. 2.2. Comparative biodistributions of ?°»Tc in Sprague
Dawley rats. The *°=TcO, - was reduced by three different chemi-
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Calcium Content of Tissues

Calcium Content of Tissues

The uptake and retention of the reduced *°"Tc
diphosphonate complex in all tissues (soft and hard)
seems to be, in general, a function of the calcium
content of the tissue (Silberstein et al. 1975). This
is shown in Fig. 2.4 where it can be seen that as
the tissue calcium content rises from very low values
in such soft tissues as muscle (0.005% Ca) and
thyroid (0.03% Ca) to hard tissue where calcium is

very high (14%-249% Ca), the percentage of **=Tc
retained at 3 h after dose in rats rises from 0.005%
dose/g to about 0.7% dose/g respectively (Silberst-
ein et al. 1975). Furthermore, in hard tissue the
metabolic activity of the bone and surface bone area
available to the extracellular fluid and vascular flow
also strongly influence the uptake and retention of
*9nT¢c diphosphonate, as can be seen from the insert
in Fig. 2.4. The metabolically active and vascular
metaphysis region (14.3% Ca), which is rapidly
turning over, has a retention of **"Tc of 0-77%
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Fig. 2.4. Tissue retention of bone-scanning agent **=Tc diphosphonate at 3 h after administration in the adult rat as a function
of calcium content of various tissues. The dashed line in the insert is a segment of the solid line in the main graph. The uptake
and retention of **=Tc in the metaphysis and the diaphysis regions of the femur in the insert are plotted in relation to the overall

tissue uptake curve. (Adapted from Silbertstein et al. 1975)
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Fig. 2.5a, b. Correlation plots between calcium content of myocardial infarct tissue and °*Tc-HEDP (hydroxyethylidene diphos-
phonate) retention (a) and between retention of *H-HEDP and °°™Tc-HEDP in myocardial infarct tissue (b). (After Buja et al. 1977)

dose/g, while the less active and less vascular
diaphysis with a higher calcium content (23.9% Ca)
has a retention of only 0-46% dose/g at 3 h in rats
(Silberstein et al. 1975). This metabolic phen-
omenon is readily seen on bone scan images of long
bones from children.

The correlation (r=0.93) between calcium and
dose retention of *°™Tc diphosphonate is also true
in the infarcted heart, as shown in Fig. 2.5a. There
is also a very high correlation (r=0.95) between the
pure diphosphonate retention (*H-HEDP) and the
*9mTc diphosphonate (HEDP) complex retention
(Fig. 2.5b). That is, the diphosphonates which com-
plex the reduced °°"Tc act as carriers and have
residual coordination centres enabling them to
adsorb onto tissue calcium while still “‘carrying’’ the
nuclide technetium.

Fig. 2.6. A perspective view of methylene diphosphonate (MDP)
ligand in which the backbone planar W (02-P1-C-P2-04) is
perpendicular to the plane of the paper and the potential
unprotonated coordinating oxygens 01, 06 and 03, OS5 extend
out on either side of the W plane. (Reprinted with permission
from Deutsch and Barnett 1980. Copyright 1980 American
Chemical Society).

Diphosphonate Structure

Diphosphonate ligands are the most widely used
compounds to prepare **™Tc skeletal imaging agents
in conjunction with reduction of the **»Tc(VII)O,~
ion. The simplest of all the diphosphonates is dis-
odium methylene diphosphonate (MDP), CH,(PO;
HNa),. The structure of this ligand is shown simply
in Fig. 2.6 without the hydrogen and sodium atoms
on the two phosphonate groups. The two groups of
two oxygens (01, 06, and 03, O5) have the poten-
tial to bind in a bidentate fashion on either side of
the planar W with either calcium of the skeleton or
the reduced °°"Tc, or both. In the case of the
hydroxydiphosphonates with the hydroxy group on
the same carbon as the two phosphonate groups,
binding can be tridentate as well as bidentate. The
simplest of these diphosphonates is disodium
hydroxymethylene diphosphonate (HMDP),
CH(OH)(PO;HNa),, and the configuration of
oxygens engendering tridentate binding potential is
shown in Fig. 2.7 compared with the MDP structure
with bidentate binding. How these two types of
diphosphonates, hydroxylated or non-hydroxy-
lated, could bind to both calcium and technetium
is shown in Fig. 2.8. With the simple diphos-
phonates MDP, dichloromethylene diphosphonate
(CLMDP) and pyrophosphate only bidentate-
bidentate binding can occur (Fig. 2.8a). With the
hydroxylated diphosphonates, however, possible
modes of binding with technetium and hydroxy-
apatite are bidentate-tridentate and the inverse,
shown also in Fig. 2.8b, c. Substituents (R;, R;),



Diphosphonate Chain Length

Fig. 2.7. Structures of methylene diphosphonate (MDP) and
hydroxymethylene diphosphonate (HMDP) are shown with the
coordinating oxygens (unprotonated) on one side of the planar
W (see Fig. 2.6) stippled to show bidentate (MDP) and tridentate
(HMDP) binding potential for calcium or reduced °*°>Tc (see
Fig. 2.8). (After Bevan et al. 1979)
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however, on the central carbon atom,
C(R,)(R;)(POsHNa), can markedly alter the binding
to technetium and calcium as is manifest in CI,MDP,
where R,, and R, are chlorine groups. It is well
recognised that CI,MDP makes a very poor bone-
scanning agent. Even though bidentate-bidentate
binding is feasible with CI,MDP the complex with
technetium is very unstable. Hydroxylated diphos-
phonates like HMDP and HEDP most probably bind
at the bone surface through the tridentate ligation
since this configuration (Fig. 2.8b) completes the
trigonal antiprismatic coordination of calcium at
the 001 face of hydroxyapatite (the most rapidly
growing face of the crystal). This structural con-
figuration is shown in Fig. 2.9.

Diphosphonate Chain Length

The effect of chain length of simple diphosphonates
on the retention of **»Tc in bone-scanning com-
plexes has been investigated by Benedict and Van
Duzee (1982). The series of n-alkyl-1, 1-
diphosphonates (carbon chain lengths of 1, 2, 5 and
9) and 1-hydroxy-n-alkyl-1, 1-diphosphonates (car-
bon chain lengths 1, 2, 4, 6 and 9) were synthesised
(Benedict and Van Duzee 1982) and made into
bone-scanning complexes with °*TcQO,~ and stan-
nous chloride (SnCl,). Rat biodistribution studies
were conducted (Benedict and Van Duzee 1982)

Tc HAP

Bidentate Bidentate

Tridentate Tridentate

HAP Te

Fig. 2.8. Structures of diphosphonates are shown bonding to reduced technetium (Tc) and to hydroxyapatite (HAP) in a bidentate-
bidentate bridge, as would occur in methylene diphosphonate (a). Diphosphonate is shown binding in a tridentate configuration
(stippled) with HAP and bidentate with Tc (b). Tridentate binding with Tc and bidentate with HAP is also shown (c). In each case
the planar W backbone O-P-C-P-O (see Fig. 2.6), is perpendicular to the plane of the paper with the bidentate or tridentate binding
mode on either side of the W as would occur in hydroxymethylene diphosphonate. (Adapted from Deutsch and Barnett 1980)
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Location of and these are shown in Fig. 2.10a—c. In bone there
Tcatom was very little difference in the uptake of **®Tc from
the different chain lengths studied (Fig. 2.10a). The
retention in blood (lack of clearance), however, rose
Diphosphonate  over 100 times as the chain length changed from
one carbon to nine carbons (Fig. 2.10b), and this
was also the case for muscle tissue (not shown). The
Plane ofHAP bone/muscle ratio (Fig. 2.10c) is seen to fall pre-
with calcium
atoms
Fig. 2.9. A molecular model showing the tridentate binding of
HMDP to the trigonal face of a calcium centre at the surface of
hydroxyapatite (001 plane). As in Figs. 2.6 and 2.8 the planar
W backbone O-P-C~P-O (O white, P gray, C black), is perpendicu-
lar to the plane of the paper. (Adapted from Deutsch and Barneit
1980)
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Fig. 2.10a—c. Bone, blood and muscle retention in the rat of **=Tc bone-scanning agents made from a series of n-alkyl-1, 1-diphos-
phonate and 1-hydroxy-n-alkyl-1, 1-diphosphonates using **=Tc pertechnetate and stannous chloride. a Bone retention of ?°=Tc
dose as a function of increasing chain length of n-alkyl-1, 1-diphosphonates. b Blood retention of ?°#Tc as a function of increasing
chain length of 1-hydroxy-n-alkyl-1, 1-diphosphonates. ¢ Bone/muscle retention ratios of ?=Tc dose as a function of increasing

chain length of 1-hydroxy-n-alkyl-1, 1-diphosphonates.
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Fig. 2.11. Blood clearance of **Tc-hydroxyethylidene diphos-
phonate (HEDP), °°=Tc methylene diphosphonate (MDP) and
*9mTc hydroxymethylene diphosphonate (HMDP) in dogs as a
function of time. (Bevan et al. 1979)
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cipitously with increasing chain length from one to
nine carbons for the diphosphonates because mus-
cle retention rose while bone retention was almost
constant. This striking change in soft tissue reten-
tion is due to the greater lipophilicity with longer
chain and hence a greater interaction and retention
in blood and muscle, probably on cell membranes.
The calcium coordinating properties of all these
geminal diphosphonates changed only very
marginally.

The change in blood clearance of ***Tc with three
widely used diphosphonates can probably also be
related to their relative lipophilicity (Fig.2.11).
HEDP is the slowest to be cleared, is structurally sim-
ilar to HMDP but has one more carbon (methyl
group rather than hydrogen). MDP and HMDP have
the same number of carbons, but the hydroxy group
in HMDP rather than hydrogen in MDP reduces the
lipophilicity (increases hydrophilicity), and hence
MDP is cleared slighly less effectively than HMDP
at4 h.

The whole-body retention in normal subjects of
the above three **Tc diphosphonate complexes and
the percentage dose per gram of dog bone of each
are shown together in Fig. 2.12. The interrelation-
ship of the °™Tc retention in whole-body studies
(Fogelman et al. 1981) and in studies directly on
dog bone (Bevan et al. 1979) is remarkable. HMDP
shows the highest retention, MDP shows slightly
less and HEDP shows the least (Fig.2.12).
Moreover, the dog rib bones, which are highly active
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Fig. 2.12. The retention of ?**Tc hydroxymethylene diphosphonate (°*Tc-HMDP), *°=Tc methylene diphosphonate (°*"Tc-MDP)
and ??=Tc-1-hydroxyethylidene diphosphonate (°*~Tc-HEDP) in the rib and femur bones of dogs (solid lines, left ordinate) and in
normal human subjects using whole-body retention (dashed lines, right ordinate). (After Bevan et al. 1979 and Fogelman et al. 1981)
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metabolically, and primarily trabecular bone with
very thin cortices, show the higher retention with
all three agents, while femora with high cortical
bone content and relatively low metabolic activity
show the lower retention. The summation uptake
of all bones (whole-body retention ; Fogelman et al.
1981) gives the same relationship of bone uptake
to direct bone analysis in dogs with all of the three
scanning agents. Thus even though some small
error may be made in whole-body retention studies
by the soft tissue retention of **™Tc, from a clinical
standpoint whole-body retention measurements
provide valid assessments of skeletal retention and
the relative metabolic activity of bone. Numerous
other comparisons of these agents and others have
recently been presented (Schwarz and Kloss 1981;
Fogelman 1982; Littlefield and Rudd 1983;
Pauwels et al. 1983).

Mechanism of *°™Tc¢ Diphosphonate
Adsorption on Bone

There seems little doubt that skeletal uptake of a
#9mTc-labelled bone-scanning agent is dependent
upon the vascular supply to the bone. In numerous
instances, such as in a pagetic bone lesion, increased
bone uptake is associated with increased vascularity.
However, another factor perhaps as important in
*9mTc uptake is the nature of the calcium phosphate
(Ca-P) deposited. This difference in reactivity of the
Ca-P deposit is in the composition of the Ca-P, the
particle size of the solid Ca-P, the surface area and
state of hydration of the low-density deposit (Landis
1985). The hypothesis that other factors are
involved is suggested by the lack of proportional
uptake of **"Tc scanning agents with vascularity
and is demonstrated by a comparison of #*Sr micros-

29mTc Diphosphonate Uptake Mechanism on Bone
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Fig. 2.13. A comparison of the presence of **Sr microspheres and
29nT¢c methylene diphosphonate (**"Tc-MDP) in eight sections of
canine tibial bone taken in sequence from proximal to distal.
(Lavender et al. 1979)

pheres and **»Tc-MDP in bone sections, as seen in
Fig. 2.13. This data clearly shows that the proximal
and distal ends of the tibia do not show *°mTc uptake
proportional to the vascularity, as indicated by the
levels of **Sr microspheres compared with the ?°=Tc
in the sections of bone examined (Lavender et al.
1979). Other workers have also concluded that
although the vascular system is crucial to the
uptake of ?mTc complexes in bone it does not
account for the unusually high uptake of scanning
agents found at sites of rapid formation such as the
epiphyseal plate of long bones, metabolic bone
tumours and healing fractures (Charkeset al. 1978;
Sager et al. 1978).

In order to investigate this non-vascular com-
ponent of skeletal uptake and retention, the role of
bone matrix and the form of calcium phosphate has
been studied with respect to diphosphonate and
?*mTc diphosphonate adsorption (Francis et al.
1980). The earliest stage of biological Ca-P deposi-
tion, such as at a rapidly califying front, is known
to be of low Ca/P molar ratio, highly hydrated and

Table 2.1. Adsorption of **C-HEDP or ?*»Tc-HMDP on bone matrix and inorganic calcium phosphate.

Non-competitive and competitive adsorption

System Type Weight Adsorbant 14C-Adsorbed Ratio
(mg) (moles x 107)

Calcium phosphate NC 9.3 14C-HEDP 8.82
(Ca-P) alone

> 7.6
Bone matrix (BM) NC 2.6 1+C-HEDP 1.16
alone

% Dose

Ca-P+BM Ca-P:200 » Ca-P:89.9
(combined) ¢ { BM:56 } »Te-HMDP a2 418

Abbreviations : NC, non-competitive ; C, competitive; HEDP, hydroxyethylidine diphosphonate;

HMDP, hydroxymethylene diphosphonate
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low density (Landis 1985). To simulate this and
determine the effect of this kind of Ca-P compared
with the mature Ca-P found in cortical bone, both
a rapidly precipitated, immature, amorphous Ca-P
(Ca/P=1.35) and crystalline mature hydroxy-
apatite (Ca/P=1.66) were synthesised. The
adsorption of three !*C diphosphonates (HMDP,
MDP or HEDP) on the above two Ca-P solids was
then investigated.

With all three diphosphonates the adsorption on
the immature, low Ca/P calcium phosphate was
higher (1.8 times) than on the mature crystalline
hydroxyapatite on a mole of diphosphonate per
mole of calcium basis (Francis et al. 1980). In addi-
tion to the vascularity and state of the Ca-P in bone,
it has been suggested that the matrix of bone may
be a selective source of deposition of 2°mTc-
diphosphonate skeletal agents (Rosenthall and Kaye
1975; Francis et al. 1979). To examine the import-
ance of bone organic matrix relative to the inorganic
component of bone, the adsorption of the diphos-
phonate, *C-HEDP, on each component was
examined separately (Francis et al. 1979). The
adsorption of **»Tc-HMDP on both matrix and cal-
cium phosphate components combined was then
determined. The results are shown in Table 2.1
(Francis et al. 1981). The non-competitive adsorption
of 1*C-HMDP on a per gram basis was about 2.1/1:
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Ca-P/matrix or in the approximate weight ratio of
each component to be found in bone it was 7.6/1
(Table 2.1). However, when the Ca/P and matrix
were mixed uniformly and then reacted with °°™Tc-
HMDP (conditions under which each component
was competing for the bone agent) the ratio of the
29mT¢ on the Ca-P inorganic fraction compared with
the organic matrix fraction was 41.8/1 (Table 2.1).
This pronounced selectivity of adsorption of the
diphosphonate or the ®**=Tc diphosphonate for the
inorganic or mineral component of bone is strik-
ingly demonstrated by autoradiographic studies of
rabbit bone. Whether the endosteal surface is a
resorption cavity with no surface osteoid (organic
matrix) or whether it is an actively forming bone
surface with a significant lining of osteoid covering
the inorganic bone, the silver grains resulting from
deposition of *H-HEDP are on the inorganic surface
(mineral layer) of bone (Fig. 2.14). This means that
even though the complex has had to diffuse through
the osteoid layer to reach the inorganic component,
under competitive circumstances, such as in an in
vivo bone scan, the deposition of diphosphonate will
take place almost entirely on the inorganic Ca-P sur-
face of bone rather than on the organic matrix. This
has also been demonstrated in autoradiography
studies using °°™Tc-labelled bone-scanning agents
(Tilden et al. 1973 ; Guillemart et al. 1980).

Fig. 2.14a, b. Microautoradiographs of the endosteal surface of rabbit bone in which *H-HEDP was administered intraperitoneally.
The concentration of silver grains indicating the adsorption of *H-HEDP on the bone surface is seen totally lining the resorption
cavity (a). The heavy concentration of silver grains (b) appear below the osteoid layers on either side of the spicule of bone and

below the osteoblasts lining the surface of the osteoid.
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Considerable work is being carried out to
determine the nature of the *°=Tc¢ complexes that
form and interact with bone tissue (Deutsch and
Barnett 1980; Wilson and Pinkerton 1985). The
reactivity of the apparently multiple complexes,
complex charges and polymeric forms of the com-
plexes are currently being rigorously studied. The
absolute separation without alteration of each
unique complex in the scanning agents is very diffi-
cult, however, and much of this work is in a state
of flux.

Among the remaining mechanistic questions
regarding the reaction of **=Tc skeletal agents with
bone is what happens to the complex at the surface
of the bone. Figure 2.15 shows two of the most likely
mechanisms which would be totally consistent with
the autoradiographic and quantitative distribution
data just cited. To investigate which of these two
mechanisms might pertain, in vitro and in vivo
experiments were performed (Francis 1980, 1981,
unpublished work). Solid hydroxyapatite crystals

Mechanism 1

(Whole complex directly to surface)

Mechanism 2
(Complex breaks at surface)

Fig. 2.15. Two possible mechanisms of reaction of the **»Tc-!*C-
diphosphonate complexes (**"Tc-P*) with a bone surface such as
seen in Fig. 2.14, (Francis 1981, unpublished work).

In mechanism 1, the skeletal complex adsorbs to the surface
intact and remains there in the ratio of administered **=Tc-P*.
In mechanism 2 at the surface, the complex breaks and the
diphosphonate adsorbs to the calcium phosphate surface
separately (see Fig. 2.9) while the released **mTc(IV) ion would
hydrolyse, migrate and adsorb separately on the bone surface
as highly insoluble *»Tc0,.

?9uTc Diphosphonate Uptake Mechanism on Bone

were reacted with 2°mTc-'*C-HEDP or ?°mTc-*C-
HMDP. The solid was washed and then immediately
flooded five times with 2% non-tagged diphos-
phonate to desorb the diphosphonate-**=Tc-
complex from the apatite (Francis et al. 1980). Only
about 50% of the °*Tc could be desorbed by this
technique, suggesting about half the **Tc might be
adsorbed on the Ca-P as the complete desorbable
complex (mechanism 1, Fig. 2.15), but the other
half of the adsorbed **™Tc seemed to be in a non-
labile form (not desorbable) suggesting mechanism
2. To test the mechanism more realistically, rats
were given an intravenous dose of **™Tc-*C-HEDP
and then 16 h later half the animals were used to
determine the ratio of **"Tc to **C on bone. As
expected, radioassay of bones indicated that *°=Tc
and **C were both adsorbed. The other half were
given a very high intraperitoneal dose of non-
radiolabelled HEDP (25 mg/kg) to flood and saturate
the in vivo bone system. Blood samples were taken
at 1, 14, and 2 h later. Only **C-HEDP showed a
spike in the blood over the background levelsat 16 h
indicating desorption of free **C-HEDP. *°=Tc blood
levels did not rise over background with the high
dose of HEDP. This implies that the **™Tc on the
bone in the rats at 16 h after dose was in a non-
desorbable form (mechanism 2, Fig. 2.15), while the
uncomplexed *C-HEDP on the bone was desorbable
by the non-radioactive HEDP (Francis 1981,
unpublished work). It appears that after some period
of time, the adsorbed °°™Tc part of the **»Tc-*+C
diphosphonate complexes on bone is no longer
present as a °°™Tc diphosphonate complex but is
most likely in the form of insoluble TcO, or some
other non-desorbable form separated from the
diphosphonate. The mechanism of action then at
the surface of bone seems to favour mechanism 2
in Fig. 2.15, but the experiments are not totally
definitive and further exploratory work needs to be
done to confirm this mechanism.
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3 : The Normal Bone Scan

M. V. Merrick

Introduction

The bone scan is the most frequently performed
nuclear medicine investigation, the commonest
indication being the detection of occult metastases,
for which purpose the entire skeleton should be
imaged. For other purposes it is often adequate to
examine only part of the skeleton. The amount of
isotope taken up at any site depends primarily on
the local rate of bone turnover rather than on bone
mass. The scintigraphic appearance therefore does
not necessarily correlate with the radiographic one;
however, as there is a relationship between the rate
at which bone is replaced and the quantity of bone
which is present at any point, the two appearances
are not entirely unrelated.

Recognition of abnormality is based on a detailed
knowledge of normal scintigraphic appearances,
which may be affected not only by skeletal physi-
ology and anatomy but also by a variety of technical
factors which can influence image quality.

Technical Considerations

Radiopharmaceutical

The only compounds still in general use for bone
scintigraphy are diphosphonate chelates of
99mTc(IV), the most popular of which is methylene

diphosphonate. The relative merits of the different
diphosphonates are discussed in Chapter 4.

In the normal subject the absolute amount of
diphosphonate taken up by bone depends on the
compound used (Fogelman et al. 1981). Variations
in soft tissue uptake may also occur (Eckelman et al.
1974; Citrin et al. 1975a), but with modern-day
agents, appearances are generally similar irrespec-
tive of the radiopharmaceutical employed. The kid-
neys are readily visualised in the majority of normal
subjects (Hattner etal. 1975; Sy etal. 1975), but
other soft tissues are barely seen at exposure settings
correct for the axial skeleton.

Radiopharmaceutical Quality

It is relatively uncommon to encounter poor-quality
bone scans resulting from radiopharmaceutical
problems. However, abnormally high levels of tissue
background may be due to the presence of free
pertechnetate or free reduced technetium, although
in many cases no definite cause can be found. On
a single examination it is rarely possible to dis-
tinguish normal interpatient variation from fluctua-
tions in radiopharmaceutical quality, unless there
is evidence of free pertechnetate, which is always
a radiopharmaceutical fault. Reduced free tech-
netium can only be distinguished clinically from the
normal interpatient variation if several patients
have received the same preparation. Free pertech-
netate may be distinguished from other causes of a
high soft tissue background because it accumulates
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in the gastric mucosa as well as the thyroid. In the
presence of free pertechnetate, activity is also seen
in the stomach, often in small bowel and, if the inter-
val before imaging is long enough, in large bowel.
Uptake of pertechnetate in the thyroid gland itself
is always accompanied by gastric uptake. A study
with detectable free pertechnetate is unsatisfactory
for diagnostic purposes and should be repeated.

Timing of Images

Timing of images may depend upon the clinical
problem under investigation (see individual chap-
ters). In some circumstances a ‘‘three-phase”
examination will provide valuable additional infor-
mation (Maurer etal. 1981). This involves a
dynamic flow study of the area of interest with rapid
sequential images taken every 2-3 s for 30 s. This
is followed by a blood pool image at 1 min, when
the radiopharmaceutical is still predominantly
within the vascular compartment. Delayed static
images are then obtained 2—4 h and, rarely, 24 h
later as dictated by the clinical situation and by the
workload of the department.

There is at present no general agreement as to
the optimum time interval between injection and
static imaging. Normal bone uptake of tracer is
maximal by 2 h, but differential uptake in lesions
is higher at 4 h (Citrin et al. 1975b; Fogelman et al.
1979). Image quality is affected not only by absolute
bone uptake, but also by the contrast between bone
and soft tissue, which is greatest at 6 h (Makler and
Charkes 1980).

In general, imaging should not be performed
earlier than 2 h after injection, and, where local
conditions permit, a 4-h wait will improve image
quality. On rare occasions 24-h images may be use-
ful in confirming lesions that appear equivocal at
4 h (Merrick 1975 ; Hardoff and Front 1978).

Equipment

Technical factors are of considerable importance in
bone scintigraphy. Perhaps surprisingly there is no
evidence that, for the range of instruments currently
available, the resolution of the imaging device has
any effect on sensitivity or accuracy. High-
resolution images are undoubtedly aesthetically
more attractive, but a fundamental problem with all
the diphosphonates currently in general use is the
high uptake in normal bone, with correspondingly
relatively low contrast between normal and abnor-
mal areas.

The Normal Bone Scan

Although scintigraphy is most commonly per-
formed with a gamma camera, the appearance of
the images obtained is influenced to only a minor
extent by the type of instrumentation used. Any
scanning gamma camera which produces a single
image of the entire skeleton has a lower resolution
than the same camera used in the static mode, when
several images are required to include the whole
skeleton. This is partly a consequence of the compro-
mises which must be made when a gamma camera
is adapted for scanning. However, the difficulties are
considerably compounded by the requirement that
the head of the camera when scanning is at some
distance from the patient, whereas in the static
mode it is possible to position the patient directly
against the collimator face. With all gamma
cameras the resolution falls rapidly as the distance
from the collimator face increases. In consequence,
static or “‘spot” views will always be sharper than
those obtained with a scanning mechanism.

A further advantage of static images is that the
patient can, if necessary, be repositioned for each
projection, for example to allow for a kyphosis. The
actual number of individual projections depends on
the field of view of the particular camera and the
size of the patient. When a camera with a small field
of view is employed the loss of resolution may be
less important than the uncertainty engendered
when 20 or more views, each including only a little
of the skeleton, are evaluated. Static images are
undoubtedly preferable when using a camera with
a large field of view.

Multi-detector scanners are probably the best
instruments for skeletal whole-body imaging
because their collimators are designed to minimise
the effect of depth on resolution and sensitivity.
However, they are less versatile than gamma
cameras and can be justified only in departments
with a large workload of whole-body skeletal
scintigraphy.

Count Density

For maximal diagnostic accuracy the number of
counts collected is more important than the resolu-
tion of the imaging device. Although a number of
workers have advocated rapid images with low
count densities, there is ample evidence that this is
an unreliable technique and should not be employed
under any circumstances. It was shown some years
ago (Merrick 1973) that the minimum acceptable
count density is 360 counts/cm? from normal areas
of spine. There may well be an advantage in using
a higher count density, although this is unproven.
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The number of counts per view should not be
preset to an identical value for all projections. The
preferred technique is to take an image of an area,
such as the thorax, which does not contain bladder
or kidney, and to collect approximately one million
counts using a camera with a large field of view.
All other projections should be taken for the same
time. If this is not done, views of the pelvis may
obtain very few counts from bone, most of the
counts coming from activity in the bladder (unless
this is completely empty). The importance of an

21

adequate count density is illustrated in Figs. 3.1 and
3.2. Figure 3.1 is a conventional whole-body image
obtained with a multi-detector scanner, with an
adequate count density over the spine but not over
the periphery. Figure 3.2 is an image of the knees
of the same patient, showing uptake in the medial
tibial plateau not visible on the whole-body image,
which contains too few counts from this region.
Inadequate count densities are a major source of
error, substantially reducing the sensitivity of the
examination.

Fig. 3.1. Posterior whole-body image obtained using a multi-detector scanner. The image on the left is the posterior and that on
the right the anterior projection. In the posterior projection the vertebrae, posterior ribs, scapulae and pelvis are clearly visualised.
In the comparison with the higher resolution camera pictures, the disc spaces cannot be readily identified, even though the spinous
processes and pedicles of the lumbar and lower thoracic vertebrae are readily identifiable. There is slight asymmetry in the rate
of drainage from the two kidneys. Note the very low count rate along the shafts of the long bones.
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Fig. 3.2. Image of the knees of the same patient as in Fig. 3.1,
acquired on the same day using a high-resolution gamma
camera. Increased uptake is visible in the medial tibial plateau
of the left knee. This is not evident in Fig. 3.1. This image contains
500 000 counts. The equivalent area in Fig. 3.1 contains
approximately 50 000 counts. The difference between the two
images is due to the difference in count rate, not the differences
in resolution.

The Normal Bone Scan
Radiographic Technique

Since diphosphonate is excreted by the kidneys,
patients should be encouraged to drink fluids (at
least a litre, if possible) in the interval between injec-
tion and imaging. This ensures faster clearance of
non-skeletal tracer from the urinary tract, thereby
decreasing soft tissue background and the absorbed
radiation dose to the bladder, which is the critical
organ. Complete bladder emptying just prior to scin-
tigraphy is thus mandatory to ensure adequate
views of the pelvis.

Patients must be asked to remove jewellery, metal
objects and breast prostheses and to empty pockets
before imaging to avoid “‘cold” artefacts. It is essen-
tial that there should be no patient movement dur-
ing the period of acquisition. It is therefore
important to ensure that the patient is comfortable
and adequately restrained or supported as appropri-
ate. Positioning the patient in contact with the col-
limator face will minimise blurring caused by
geometrical unsharpness. The intrinsic resolution of
the imaging device is probably less critical.

As one of the most important factors in interpret-
ing skeletal scintigraphy is the presence or absence
of symmetry, it is essential that the patient be posi-

Fig. 3.3.a. Analogue image of the posterior thorax of an adult, obtained by collecting one million counts with a high-resolution
gamma camera. b. Simultaneously acquired digital image of the same patient. Despite the coarse (128 x 128) acquisition matrix,
the amount of information present in this film is identical to that present in a.
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tioned straight. Where the field of view of the detec-
tor is not large enough to include both of paired
structures, positioning of the two sides should be
closely controlled to be as similar as possible. Sup-
plementary oblique or lateral projections are occas-
ionally helpful (Schutte 1980) but they cannot be
accepted on their own as a substitute for straight
anterior and posterior views. Vertex projections of
the skull substantially increase the detection rate in
this region (Smith et al. 1982).

Patient Factors

In addition to the technical considerations already
discussed, image quality can also be adversely affec-
ted by various factors such as impaired renal func-

Fig. 3.4. Posterior and anterior whole-
body images obtained with a multi-
detector scanner.
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tion, gross cardiac failure, obesity and possibly old
age (Wilson 1981 ; Adams and Shirley 1983).

Digital Imaging

Examples of analogue and digital images, obtained
simultaneously, are shown in Fig. 3.3a, b. In prac-
tice, there is nothing to choose between a digital
image and a correctly exposed analogue one,
although digital acquisition allows subsequent
skeletal numeration (see Chap. 16). The use of
quantitative criteria for interpretation increases the
number of faint lesions detected (Pitt and Sharp
1985), but at the cost of a clinically unacceptable
rise in the false-positive rate. The only as yet proven
advantage of digital imaging is that, whereas if the
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photographic exposure is incorrect for an analogue
picture the examination must be repeated, if it is
incorrect for a digital image only the photographic
film needs to be repeated, which does not require
the presence of the patient.

There is no point in employing an excessively fine
matrix. Increasing the number of points in a matrix
reduces the number of counts per cell and therefore
increases the statistical noise. Nothing is-to be
gained, and indeed information may be concealed
in noise and consequently missed if a matrix finer
than 256 x 256 is employed with a 40-cm diameter
field. Occasionally, if there are abnormalities with
very high count rates, it may not be possible to
obtain a correctly exposed film showing both the
very high and the very low count rate areas. This
can easily be remedied, if digital images have been
acquired, by taking two exposures at different inten-
sity settings or by using a non-linear grey scale for
the digital image. Multiple lens cameras enabling a
range of simultaneous analogue exposures are less
widely available than formerly but are an excellent
alternative.

Normal Appearances

The most important single feature in a normal
skeletal scintigram is symmetry about the midline
in the sagittal plane. Thus the left and right halves
of the body are virtually mirror images of each other.
There should be uniform uptake of tracer through-
out much of the skeleton and one must be alert to
any deviation from this. Some exceptions exist, as
will be discussed.

A normal whole-body scintigram is shown in
Fig. 3.4. The count rate is greatest in those parts of
the skeleton subjected to the greatest stress, and
therefore undergoing the fastest turnover (e.g. the
sacroiliac region, where the weight of the body is
transferrred from the trunk to the pelvis, or the
inferior angles of the scapulae, where the balance
of muscular forces can create considerable tension).
There is also relatively high uptake along the spine
and around the hips and other joints.

Head

The count rate detected from the skull is com-
paratively low. Variations in uptake within the skull
may be seen, especially in relation to the suture lines

The Normal Bone Scan

(Fig. 3.5). A recent study has suggested that around
1% of patients may show this variant (Harbert and
Desai 1985). This may cause quite intense tracer
uptake and may be due to subradiographic cartila-
ginous rests, sutural foramina or Pacchionian
granulations (arachnoid extensions into the lumen
of the dural sinuses). Harbert and Desai (1985) con-
cluded that foci of increased uptake in the line of
the sutures are likely to be benign.

In the anterior projection the orbits and facial
bones are clearly visualised. A higher count rate is
observed from the facial bones, especially the max-
illa and ethmoids (Fig. 3.6), where the stresses
resulting from mastication are transmitted to the
facial skeleton. In older children and adolescents dif-

Fig. 3.5. Lateral view of adult skull showing uptake in suture
lines.

Fig. 3.6. Anterior skull projection. The uptake in the ethmoids
and maxilla is a normal feature.
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ficulty may arise if it is not appreciated that there
is an important suture, which can be very active,
between the sphenoid and the basiocciput (Fig. 3.7).
This is a normal feature and should not be confused
with sphenoidal sinusitis or pathology in the region
of the clivus. During the eruption of dentition uptake
in the maxilla and mandible may be uneven
(Fig. 3.8).

Fig. 3.7. Lateral projection of the skull of a 7-year-old child. The
high uptake in the base is due to the suture between the sphenoid
and the basiocciput, which was in process of fusion. Note also
the relatively high uptake in the maxilla compared with the
mandible. This reflects the state of dentition.

Fig. 3.8. Lateral skull of a 10-year-old child. The suture between
the sphenoid and the basiocciput is much more active than in
the subject shown in Fig. 3.7, and there is much more asymmetry
in the maxilla because of the eruption of various teeth.
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Fig. 3.9. Posterior projection of the skull of an 11-year-old girl.
Individual cervical vertebrae are just resolvable, and the odontoid
and atlas can be seen. There is no uptake in the skull sutures.

Neck

The individual bones of the cervical spine can be
separately resolved only with high-resolution
instruments (Fig. 3.9). The axoatlantal and atlanto-
occipital joints are not easily seen except in agile
subjects, and are often difficult to project clear of
other structures. The spinous process of the vertebra
prominens (C-7) is usually visible and distinct (See
Fig. 3.3a, b) and may have a higher count rate than
adjacent bones. Uptake in the neck in the absence
of free pertechnetate is usually in the thyroid car-
tilage (which is not necessarily calcified radiologi-
cally) or hyoid (Oppenheim and Cantez 1977; Lin
et al. 1981) rather than thyroid gland (Fig. 3.10).

Thorax

In the anterior projection of the thorax the sternum
is clearly seen and, particularly in older subjects, the
thyroid cartilage may be identified above it
(Fig. 3.10). The sternomanubrial joint is often
relatively active, particularly in older subjects
(Fig. 3.10), and in occasional individuals there is
high tracer uptake at the sternoclavicular joints.
The clavicles are not well seen, but the acromio-
clavicular joints often exhibit relatively high but
usually symmetrical uptake. Calcified costal cartila-
ges are often visualised in older subjects.

All of the ribs should be visible in the posterior
projection of the thorax. The count rate in the ribs
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Fig. 3.10. Anterior projection. Note the high activity at the
sternoclavicular joint and the sternomanubrial joint. There is
uptake in the thyroid cartilage and in the acromioclavicular
joints.

Fig. 3.11. Posterior thorax of a young adult. Using a high-
resolution camera the individual vertebrae and interverterbral
discs are clearly visible, as are the costotransverse joints. Note
the symmetry of the scapulae and high uptake at the inferior
angle and at the acromioclavicular joints.

The Normal Bone Scan

is comparatively low and is usually uniform,
although “stippling”’ of the ribs caused by the inser-
tions of the ileocostalis thoracis portion of the erec-
tor spinae muscles may be seen as a normal variant
in about 7% of patients (Fink-Bennett and Johnson
1985). The scapulae are well seen, uptake being
mainly concentrated at the angles, where muscle
stresses are greatest. Where they overlie ribs, abnor-
malities may be difficult to distinguish, especially if
the scapulae are not absolutely symmetrical. Rib
deposits at this site are easily overlooked, or, if the

Fig. 3.12. Anterior whole-body bone scan showing prominence
of lower lumbar vertebrae caused by lumbar lordosis. Note also
periarticular activity.
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patientis askew, overdiagnosed. The costotransverse
joints are visible in some subjects, parallel to the
thoracic spine (Fig. 3.11).

Spine

The upper thoracic vertebrae cannot be individually
identified, but there should be no difficulty in visu-
alising the disc spaces between the lower ones. In
the normal subject lower thoracic and lumbar
pedicles and spinous processes are readily identified
(see Figs. 3.1, 3.4), but it is not possible to dis-
tinguish the apophyseal joints separately from the
pedicles except on oblique projections. The normal
lumbar lordosis often makes the lower lumbar
vertebrae appear prominent on anterior views of the
spine (Fig. 3.12). The kidneys are seen in views of
the lumbar spine, but the collecting system and
ureters are not visualised at all unless there is uri-
nary tract outflow obstruction.

Pelvis

There is usually perfect axial symmetry, but this
may be disturbed by asymmetrical uptake in the
ischiopubic synchrondosis (Cawley etal. 1983).
There is often some residual activity in the bladder,
the apparent position and shape of which differs in
the anterior and posterior projections and may also
change between supine, prone and erect. Bladder
diverticulae and variations in shape are common
and can be difficult to distinguish. The symphysis
and adjacent parts of the pubis and ischium are
consequently often obscured. A pelvic inlet projec-
tion, with the patient seated on the camera, is often
helpful in this situation. Difficulty in interpretation
sometimes arises in patients who have had urinary
diversions, when activity is present in the bowel or
a bag. Wherever possible these should be emptied
prior to imaging, but in the case of a bowel diversion
this may not be possible.

Limbs

There is relatively low uptake in the limbs, with the
greatest concentration in the periarticular areas
(Fig. 3.12). The normal femoral heads are seen only
faintly in the adult, although the region of the
greater trochanter and the intertrochanteric ridge
can usually be identified (Fig. 3.13). In children the
epiphysis for the greater trochanter as well as that
for the head of the femur are readily visible. Uptake
in the femoral head itself is adequate for avascular

27

regions to be identified as photon-deficient areas in
high-resolution “‘pin-hole’”” images.

The shafts of the long bones are virtually invisible
at intensity settings suitable for displaying the rest
of the skeleton, but uptake can just be seen around
the shoulders, elbows, knees, ankles and feet
(Charkes etal. 1973; Merrick 1975, 1984; see
Fig. 3.4). Muscle insertions, such as the deltoid
tuberosity (Fink-Bennett and Vicuna-Rios 1980),
are sometimes visible and are commonly asym-
metrical as turnover is related to local stress. Other
sites which may have a high enough concentration
of tracer to give rise to diagnostic difficulty include
the patella (Fogelman et al. 1983), the distal femur
(Velchik et al. 1984) and accessory ossicles (Apple
et al. 1984), although it is not clear to what extent
visualisation of the latter is secondary to minor
trauma. An artefact due to extravasation of tracer
may be seen at the injection site, which should be
documented in each patient.

In childhood, growth occurs principally in the epi-
physes adjacent to the knee and away from the
elbows. The activity of the epiphyses varies consider-
ably with age (Figs. 3.14-3.17). The age at which
epiphyses fuse radiographically is well documented,
but there has been no systematic study of how this
affects scintigraphic appearances. Most epiphyses
appear to become more active shortly before fusion.
While fusion is usually symmetrical, some asym-
metry can occasionally be seen.

Fig. 3.13. Uptake in the neck and head of the normal femora is
low and is only just discernible above background. The inter-
trochanteric ridge is well seen. Note that the patient has a
scoliosis.
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Fig. 3.14. Pelvis and hips of a 4-year-old child. There is high
activity in the epiphyses of the femoral head, but the epiphyses
of the greater trochanter are barely discernible.

The Normal Bone Scan

Fig. 3.16. Pelvis of an 8-year-old child. The epiphyses of the
greater trochanter on the right is clearly visible but is much less
active than the head epiphyses. Note that at this age there is con-
siderable activity in the triradiate cartilages.

Fig. 3.15. Whole-body
anterior and posterior
images of a 5-year-old child.
Note the substantial
differential in count rate
between the upper and
lower limbs. Note that at
this age there is high uptake
in the distal tibial epiphyses.
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Fig. 3.17. Lower limbs of a 10-year-old child. At this age activity
around the knee is much greater than at the proximal end of
the femur, as this is where the greater part of growth is occurring.
There is nevertheless some asymmetry.

Conclusion

Accurate bone scan diagnosis depends on high-
quality images and a detailed appreciation of normal
appearances. There should be an awareness of the
variations that can occur as the result of technical
factors and normal skeletal physiology.
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I. Fogelman

Introduction

The ability to image the skeleton by bone scanning,
with its sensitivity for disease, is a relatively recent
phenomenon and dates back to the development of
99mTc-labelled polyphosphate by Subramanian and
McAfee in 1971. This important advance meant
that a compound with high skeletal affinity could
at last be combined with a radionuclide with near-
ideal physical properties. Nevertheless, there was a
continuing search for further improvement and
several phosphate compounds rapidly became avail-
able (Subramanian et al. 1972a; Fletcher et al.
1973; Citrin et al. 1974). A °°»Tc-labelled diphos-
phonate (hydroxyethylidene diphosphonate) bone-
scanning agent was independently proposed and
evaluated by several groups of workers (Castronovo
and Callahan 1972; Subramanian et al. 1972b;
Tofe and Francis 1972; Yano et al. 1973). Since
their introduction, cumulative experience has
shown that the diphosphonates are the bone-
scanning agents of choice (Subramanian et al.
1972b; Pendergrass et al. 1973; Silberstein et al.
1973; Citrin et al. 1975 ; Fogelman et al. 1977).

At the present time °°™Tc-labelled methylene
diphosphonate (Subramanian et al. 1975) is the
most widely used bone-scanning agent. However,
several new diphosphonate compounds have
recently become available, and there is a clear
trend amongst radiopharmaceutical companies to
develop agents with relatively high skeletal affinity,
leading to greater absolute uptake of tracer by bone.
While the resulting improved contrast between

bone and background soft tissue may lead to more
pleasing images being obtained in normal subjects,
itis not clear that higher bone uptake will be equally
valuable in the identification of disease. In this chap-
ter the properties required of an ideal bone-scanning
agent in both benign and malignant disease are dis-
cussed and, in addition, the clinical studies which
have evaluated diphosphonate bone-scanning com-
pounds are summarised.

Properties Required of a Bone-
scanning Agent

The search for metastatic disease remains the most
important single indication for performing a bone
scan. Abnormalities in this situation are identified
by the presence of focal lesions. Visualisation of a
focal lesion depends upon the contrast between the
lesion and the surrounding bone, that is to say the
ratio of counts in the lesion to those in background
bone (L/B; Fig. 4.1b). The contrast between bone
and soft-tissue (B/ST) is important for visualisation
of the skeleton itself; for a normal subject, a higher
B/ST ratio will lead to an improved bone scan
(Fig. 4.1a). However, a higher B/ST ratio does not
signify that lesions will be better visualised on the
bone scan, nor that disorders leading to diffuse
abnormality on the bone scan, such as metabolic
bone disease, will be more easily identified.
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Cc

Fig. 4.1. a Regions of interest (ROI) selected over bone and soft tissue. B/ST ratio will reflect skeletal contrast. b ROI over normal
bone and vertebra with lesion (L/B ratio). ¢ As in b, but there is higher skeletal affinity for tracer, and, while B/ST ratio will be

higher, lesion contrast (L/B ratio) is lower.

It is even possible that different bone-scanning
agents may be preferred in various clinical situa-
tions. Where visualisation of normal skeletal
anatomy is required (although the bone scan is not
the technique of choice for this), high uptake of
tracer throughout the skeleton is desirable. In
metastatic disease the contrast between tumour and
background bone is of more importance, and it may
be argued that if there is high background uptake
of tracer then lesions may be less clearly seen
against this background (Fig. 4.1c), unless there is
even higher specific uptake of tracer by bone
involved with tumour. In the metabolic bone dis-
orders recognition of generalised high uptake of
tracer depends upon a subjective evaluation of the
scan, and it is also likely that lesions will be more
difficult to recognise against high background
uptake of tracer by the skeleton.

Thus if a satisfactory bone-scanning agent is
available, then on theoretical grounds it would seem
that no clear advantage is to be derived from further
increasing skeletal uptake of tracer by the normal
skeleton. Certainly, if two bone-scanning agents are
to be compared in metastatic disease then a simple
subjective evaluation of scan appearances or even
measuring B/ST ratios is not adequate, as it does
not really matter if one scan looks nicer than the
other. What is relevant is lesion visualisation and
the L/B ratios. Similarly, to state that one agent has
faster blood clearance than another does not imply
that it is a better agent in clinical practice. If other
properties are similar then the agent with higher
skeletal affinity will have the faster blood clearance.

It should be apparent that it is not possible to
evaluate a bone-scanning agent by randomly allo-
cating patients with metastatic disease to one or
another agent and then measuring B/ST ratios or
subjectively evaluating the visual quality of these
scans. Paired studies, using both agents, should be
performed in individual patients. Lesion counts and
L/B ratios must be obtained.

*smT¢ Diphosphonate Bone-
scanning Agents (Fig. 4.2)

*°mTc Hydroxyethylidene Diphosphonate
(HEDP)

**mTc-HEDP was the first diphosphonate to be intro-
duced into clinical practice and is undoubtedly the
diphosphonate that has been most extensively
evaluated. Several early studies demonstrated that
HEDP had improved biological properties, with fas-
ter blood clearance, when compared with polyphos-
phate or pyrophosphate (Dunson et al. 1973;
Ackerhalt et al. 1974 ; Krishnamurthy et al. 1974 ;
Hughes et al. 1975). Not all reports, however, were
favourable. In an evaluation of 140 patient studies
Nelson et al. (1977) considered HEDP to be inferior
to both pyrophosphate and trimetaphosphate. Also
Weber et al. (1976) in 90 patient studies preferred
pyrophosphate to HEDP. However, in both cases
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Fig. 4.2. **nTc diphosphonate bone-scanning agents.

evaluation was essentially based on normal scans,
and paired studies using both agents in individual
patients were not obtained.

Silberstein et al. (1973) carried out paired studies
using both HEDP and ®F in 10 patients with car-
cinoma and found that °F detected only 56% of the
lesions seen with HEDP. Pendergrass et al. (1973)
reviewed their experience with over 500 scan
studies using HEDP and concluded that HEDP was
more sensitive for detection of skeletal metastases
than **F.

Serafini et al. (1974) compared HEDP and
pyrophosphate in 18 paired studies: 7 normal sub-
jects and 11 with lesions present on scan. In general
it was felt that pyrophosphate gave more variable
results and, while the lesion detection rate was the
same with both agents, L/B ratios were higher with
HEDP in approximately half the cases. In no case
was the L/B ratio higher than with pyrophosphate.
Silberstein et al. (1978) compared HEDP and
pyrophosphate in paired studies in 30 patients with
carcinoma. While it was considered that there was
no difference in scan quality between agents, 10 of
30 lesions detected with HEDP were not seen with
pyrophosphate. Citrin et al. (1975), in a study of 29

patients with skeletal metastases, compared HEDP,
pyrophosphate and polyphosphate. All patients had
studies with at least two of the three agents. Citrin
concluded that HEDP was clearly superior to the
other agents and showed that significantly higher
L/B ratios were obtained with HEDP when com-
pared with either pyrophosphate or polyphosphate.
Fogelman et al. (1977) confirmed these findings in
a smaller study of 11 patients with metastatic
diseases in which the quality of scan image, lesion
detection and L/B ratios were all shown to be
superior with HEDP as compared with pyro-
phosphate.

Lundell et al. (1975) studied nine women who
had radiographically proven metastases with HEDP,
pyrophosphate and polyphosphate. The scans were
visually evaluated, and, while no significant dif-
ference in lesion detection was found, it was con-
cluded that HEDP provided superior images with
higher lesion to bone contrast. In addition, com-
puter quantitation of the scan images was obtained
in three patients (B/ST and L/B ratios), and,
although these results were not presented, the
authors commented that the findings were in agree-
ment with the visual interpretation.
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29mT¢ Methylene Diphosphonate (MDP)

Following the introduction of **»Tc-MDP by Subra-
manian et al. in 1975, MDP is currently the most
widely used bone-scanning agent. However Subra-
manian’s original suggestion that MDP was
superior to HEDP as a scanning agent was based on
higher bone uptake in rats, higher whole-body
retention of tracer in beagle dogs and faster plasma
clearance in human volunteer subjects. Faster blood
clearance of MDP compared with HEDP has now
been confirmed by many groups (Davis and Jones
1976; Rosenthall et al. 1977; Rudd et al. 1979).
However, the superiority of MDP over HEDP in clini-
cal practice has not been established.

While Rosenthall et al. (1977) found higher B/ST
ratios with MDP than with HEDP in 11 volunteer
and 20 patient studies, and concluded that MDP was
the preferred radiopharmaceutical, only 7 patients
had skeletal metastases, and in these no difference
in lesion detection was found. Rudd et al. (1979)
carried out paired studies comparing MDP and
HEDP in ten patients (six with carcinoma) and
found higher B/ST ratios with MDP. They concluded
that MDP produced superior images, although no
difference in lesion detection was seen. Indeed, Rudd
commented that in various clinical situations MDP
and HEDP may have different binding mechanisms:
In one patient with prostatic carcinoma a lesion was
better visualised with HEDP, whereas in a patient
with benign vertebral collapse the lesion was better
visualised with MDP. Fogelman et al. (1979) com-
pared MDP and HEDP in paired studies in 17
patients with skeletal metastases. Although no dif-
ference in the number of lesions detected was found,
L/B ratios were significantly higher with HEDP.

2°mT¢c Hydroxymethylene Diphosphonate
(HMDP)

Recently a new diphosphonate, ***Tc-HMDP, has
become available for clinical practice. Early studies
demonstrated that it had faster blood clearance
(Bevan et al. 1980) and higher skeletal uptake
(Bevan et al. 1980; Francis et al. 1980; Fogelman
etal. 1981) than MDP.

Domstad et al. (1980) randomly allocated 102
patients to either HMDP or MDP and found higher
B/ST ratios with HMDP. However, overall image
quality, bone delineation, soft-tissue uptake and L/B
ratios were the same with both agents. Silberstein
(1980) compared HMDP and HEDP in paired studies
in 20 patients with carcinoma and found that
HMDP provided superior images in about half the

?9uTc Diphosphonate Bone-scanning Agents

cases. Quantitative data were only available in
seven cases, and L/B ratios in four. Only marginal
differences in L/B ratios between HMDP and HEDP
(although in HMDP’s favour) were found. Rosen-
thall et al. (1981) compared HMDP and MDP in
paired studies in 10 volunteers and 20 patients with
carcinoma and found scan quality, B/ST ratios and
lesion detection to be the same. In addition, no dif-
ference in blood clearance was seen between HMDP
and MDP, and it was concluded that there was no
significant difference between these agents. Little-
field and Rudd (1983) carried out paired studies
with HMDP and MDP in ten patients with various
diagnoses. Quantitative data was obtained, but only
six patients had lesions present and in only one case
was this due to metastases. L/B and B/ST ratios were
found to be slightly higher with HMDP, although
not significantly so. There was a slight, but signifi-
cant, observer preference for HMDP when images
were evaluated together, but no significant dif-
ference was found when the images were indepen-
dently evaluated; indeed, the MDP images actually
scored higher. The number of lesions was found to
be too low to assess the efficacy of either agent with
regard to lesion detection. In this study it was also
shown that HMDP had slightly more rapid blood
clearance than MDP. This is somewhat different
from the biological data presented by Rosenthall et
al. (1981). The reason for this is not known but it
is possible that it is in some way related to the
method which was used to prepare the radio-
pharmaceutical. Littlefield injected 20 mCi
(740 MBq) °°Tc into a vial for each patient dose,
whereas Rosenthall injected a large dose, of several
hundred millicuries, into a vial and obtained
multiple patient doses.

Pauwels et al. (1983) evaluated 20 patients with
bone metastases. Paired studies were carried out
using MDP and either HMDP or dicarboxypropane
diphosphonate (DPD). There was no difference seen
in location or number of lesions between agents.
Furthermore, it was considered that there was no
difference in lesion intensity. B/ST ratios were sig-
nificantly higher with HMDP and DPD than with
MDP, but MDP had significantly higher L/B ratios
than the other two agents. It was commented upon
that the differences in these ratios were generally
not appreciated during visual inspection of the bone
scan images. It was concluded that HMDP and DPD
do not possess clinical advantages over MDP for the
detection of skeletal metastases. Van Duzee et al.
(1984) compared bone scan images in 28 patients
with skeletal metastases at 2 and 4 h after injection
with MDP and with HMDP. There was no significant
difference in lesion identification with either agent
at 2 or 4 h. Quantitation of images was carried out;
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L/B ratios were marginally higher with HMDP,
although this difference was not significant. B/ST
ratios, however, were significantly higher with
HMDP and image quality was considered subjec-
tively to be better than with MDP. Delaloye et al.
(1985) have reported results from a multicentre
investigation involving six departments in five
countries in which paired studies using HMDP and
MDP were performed in 33 patients with skeletal
metastases at 2 and 3 h after injection. There was
no difference in lesion detection between agents
even when 2-h images were compared with 3-h
ones. HMDP had higher B/ST ratios, but no signifi-
cant difference was found for L/B ratios, although
values were marginally higher for MDP. Image
quality was felt to be improved with HMDP, but it
was stated that the quality of 2-h HMDP scans did
not reach that of 3-h MDP scans, which were clearly
superior.

29mT¢ Dicarboxypropane Diphosphonate
(DPD)

9smTc-DPD is the newest of the available diphos-
phonates and, as with HMDP, it is claimed that DPD
has significantly higher skeletal uptake than MDP.
Schwarz and Kloss (1981) found DPD to have 15%
higher bone uptake when compared with MDP in
rat studies. In addition, in 300 patient studies it was
considered that DPD showed superior skeletal visu-
alisation when compared with MDP. Hale et al.
(1981), in 60 patient studies comparing DPD and
MDP, also found improved skeletal visualisation and
higher B/ST ratios with DPD.

Buell et al. (1982) evaluated a total of 839 bone
scans obtained with MDP (636) and DPD (203) in
patients with a variety of disorders. Bone scans were
obtained at approximately 2 h after injection, and
the B/ST ratios were measured at 2 sites—the
femoral diaphysis, considered to be a ‘low-uptake”
area, and the sacrum, a “‘high-uptake” area. Higher
values for both ratios were found for DPD than for
MDP. In addition, higher values were found for B/ST
ratios in patients who had a history of malignant
disease, even when metastases were not visualised.

Mele et al. (1983) studied 18 normal subjects, 9
each with MDP and DPD. There was no difference
seen in scan quality. In this study quantitative data
was generated using compartmental Kinetic
analysis. Results suggested that MDP had higher
bone uptake and lower soft tissue retention than
DPD.

Schroth et al. (1984) randomly allocated ten
patients with carcinoma of the thyroid to be given
bone scans with either MDP or DPD. They found
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that clearance of MDP from the blood was slightly
faster than DPD up to 4.5 h, and no significant dif-
ference in B/ST ratios were shown. However, uri-
nary excretion of MDP was higher throughout a 10-
h period. In addition, a single paired study (using
both MDP and DPD scans) was carried out in a
patient with multiple skeletal metastases. No dif-
ference in L/B ratios was found, and the authors
concluded that MDP was not better than DPD in
detecting bone lesions. One may feel that it is difficult
to justify such a conclusion on the basis of a single
study in a patient with extensive skeletal disease.

As stated previously, Pauwels et al. (1983)
carried out paired studies comparing MDP and DPD
in ten cases with skeletal metastases. They did not
find any difference in lesion detection. Studies with
DPD had higher B/ST ratios, but those with MDP
had the higher L/B values.

Discussion

There seems to be little doubt that the **Tc-labelled
diphosphonates deserve their virtual monopoly in
the bone-scanning field. Early studies exhaustively
evaluated °°*Tc-HEDP and showed it to be clearly
superior to the other available agents at that time—
18, 99mTc pyrophosphate and **™Tc polyphosphate.
However, the later diphosphonates with their
increased uptake in bone have not been as exten-
sively evaluated, and, as has been shown, there is
no evidence that any of these diphosphonates is
superior to **Tc-HEDP as regards lesion detection
in malignancy. Nevertheless, current bone scans do
look much improved, and this presumably reflects
the combination of advances in gamma camera
technology together with higher skeletal uptake of
radiopharmaceutical. However, one must not con-
fuse the two quite separate issues of a good-looking
bone scan in a normal subject and sensitivity
for identification of skeletal lesions, particularly
metastases. Moreover, just because the bone scan
is already the most sensitive means of identifying
metastases we should not become complacent and
must be receptive to the possibility of further
advances with regard to improved sensitivity. As
discussed previously, the identification of metastases
depends upon L/B ratios and not B/ST ratios. In the
only study comparing L/B ratios in scans obtained
with both *°»Tc-MDP and ®°°=Tc-HEDP, higher
values were obtained with °*»Tc-HEDP (Fogelman
et al. 1979). Arnold et al. (1978), using a com-
puterised technique for subtracting blood and soft
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tissue backgrounds from sequential images of bone,
found that marked differences exist between the
kinetic behaviour of **»Tc-MDP and °°»Tc-HEDP,
with each having different binding characteristics.
It was suggested that while ***Tc-MDP may be the
better agent for imaging the skeleton, ?°*Tc-HEDP
may image osteoblastic lesions better. However,
while this evidence perhaps marginally favours
29mTc-HEDP over °*Tc-MDP with regard to lesion
detection, °°»Tc-HEDP is no longer commercially
available and ®*°™Tc-MDP is currently the most pop-
ular bone-scanning agent. More recently, Pauwels
et al. (1983) have shown that °°Tc-MDP has
higher L/B ratios than **»Tc-HMDP and *°=Tc-DPD,
two newer agents which have even higher absolute
skeletal uptake. Subramanian et al. (1983) used a
rabbit model where lesions were drilled in bone and
also found lower L/B ratios with ?°Tc-DPD and
o*mTc-HMDP when compared with **™Tc-MDP.
These findings support the view that the higher the
background bone uptake of tracer, the lower the L/B
ratio is likely to be. Although one can certainly
argue about the theoretical advantages of one
diphosphonate as compared with another with
regard to lesion detection, in multiple comparative
studies of bone-scanning agents no commercially
available diphosphonate has been shown to identify
lesions missed by another.

Two recent reports of a “new’’ diphosphonate
bone-scanning agent °°*Tc dimethyl-amino diphos-
phonate (DMAD) (Fig. 4.3) have stated that several
of the lesions identified were not seen on the MDP
scan (Rosenthall et al. 1982; Smith et al. 1984).

H30\ CH,
OH N /OH
o
HO P C P OH
]
OH H OH
DMAD

Fig. 4.3. **»Tc dimethyl-amino diphosphonate (DMAD).
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However, *°Tc-DMAD is not commercially avail-
able and has been provided to investigators by Dr.
Subramanian. There is extremely low uptake of
29mTc-DMAD by normal bone and the images
obtained would be of unacceptable quality to most
nuclear medicine physicians; however, there is high
uptake of 2=Tc-DMAD in lesions and this, therefore,
gives rise to extremely high L/B ratios. Certainly, it
is only with °°»Tc-DMAD that I personally have
been convinced that it is possible to see lesions that
are not visualised with another diphosphonate
(Fig. 4.4). In both reports of °°=Tc-DMAD, studies
were performed in patients with widespread
metastases. Although one would anticipate that a
“low-uptake” agent would have increased sen-
sitivity in the identification of early disease, this has
still to be proven. I now believe that there is a strong
case to be made for the availability of a low-uptake
agent such as °°"Tc-DMAD. It is clear that this
would not be acceptable for routine use but may
have a valuable role to play in selected cases, e.g.
when an equivocal lesion is noted in the spine, or
if a patient with a known primary tumour is com-
plaining of bone pain and yet no abnormality is seen
on the initial scan. A potential disadvantage of
29mTc-DMAD is that because of its poor uptake in
normal bone one may well miss photon-deficient
lesions. However, these are relatively uncommon
and would presumably be identified on the standard
99mTc-MDP scan.

In Fig. 4.5, the relative skeletal uptake of **=Tc-
DPD, **mTc-HMDP, °°Tc-MDP and °°"Tc-HEDP
obtained by the 24-h whole-body retention (WBR)
of diphosphonate technique (Fogelman et al. 1978)
is shown. This confirms that both °°Tc-DPD and
29mTc-HMDP do indeed have higher skeletal uptake
than °°mTc-MDP, although there has been some
suggestion that **"Tc-DPD may have slightly higher
muscle uptake than other diphosphonates (Subra-
manian et al. 1983), and it is not clear to what
extent this is reflected in the WBR result. WBR
measurements have also been obtained with **»Tc-
DMAD; this diphosphonate has extremely low
uptake at around 12% in normal subjects at 24 h
(Rosenthall et al. 1982). It is apparent that slight
alterations in molecular structure can have a signifi-
cant effect on affinity for skeletal surfaces. However,
it would appear that each diphosphonate behaves
in a characteristic way, as Fogelman et al. (1981)
have shown that the pattern of uptake of three dif-
ferent diphosphonates (HEDP, MDP and HMDP) was
the same in studies performed on 20 volunteer sub-
jects (Fig. 4.6).

Where quantitative 24-h WBR of diphosphonate
measurements have been used to identify patients
with increased bone turnover, it has previously been
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b

Fig. 4.4a, b. Images of posterior spine. a MDP scan; b DMAD scan. It is apparent that several lesions are seen on b but not on a.

suggested that **=Tc-HEDP with its tighter normal
range and lower absolute skeletal uptake may show
advantages over higher uptake agents as it provides
a wider range in which to detect abnormality with
less overlap between normal and abnormal (Fogel-
man et al. 1981). **»Tc-DMAD has not been evalu-
ated in this context.

The availability of **Tc-labelled diphosphonate
for bone scanning has revolutionised our ability to
investigate skeletal disease. Uptake of diphos-
phonate is directly related to skeletal metabolism,
and potential uses and applications of bone-
scanning and quantitative techniques are only just
becoming appreciated by physicians with bone-
related interests such as metabolic bone disease,

rheumatology, oncology and orthopaedics. It is now
clear that various diphosphonates can have quite
different affinities for bone (Fogelman et al. 1981)
with different clinical properties. However, at the
present time, there has not been found to be any
significant difference amongst the commercially
available *°»Tc diphosphonates as regards lesion
detection, although it has been shown that °**»Tc-
DMAD, a low-uptake agent can on occasion visu-
alise lesions that are not detected by other diphos-
phonates. There does not appear to be any
advantage in continuing to develop agents with
higher bone uptake, and it is at least theoretically
possible that by further increasing bone uptake of
tracer a significant reduction in lesion detection
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Fig. 4.5. 24-h WBR of diphosphonate measurements in
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DPD HMDP MDP HEDP 29mTc-MDP and **»Tc-HEDP. (Fogelman 1982)

could occur because of reduced contrast between
lesions and high background activity. On the other
hand, low-uptake agents should be further evalu-
ated in more extensive trials to assess whether the
initial promising results can be substantiated. It is
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true that we are extremely fortunate that all the
*9mTc diphosphonates available are excellent bone-
scanning agents, but I believe we must continue to
ask the question ““‘Can we do better?”

Fig. 4.6. Repeat 24-h WBR measurements using
#9mTc-HEDP, #*mTc-MDP, and *°*Tc-HMDP in
HMDP 20 normal subjects. (Fogelman et al. 1981)
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5 - Bone Scanning in Metastatic Disease

J. H. McKillop

Introduction

The isotope bone scan is now generally accepted as
the initial investigation of choice in the search for
bone metastases from most tumours. The relative
insensitivity of the bone radiograph for the detection
of metastases has long been noted (Borak 1942;
Shackman and Harrison 1947), and symptoms
from bone metastases occur before there is radio-
graphic evidence of abnormality in a sizable
minority of patients (Clain 1965).

Uptake of the bone-scanning agents in normal
bone is the result of both skeletal blood flow and
some aspect of skeletal metabolism, possibly
osteoblastic activity (Fogelman 1980). This topic
has been extensively covered in Chapter 2. The
localisation of bone-scanning agents in areas of
abnormal bone is similarly dependent on bone
metabolism. The increased sensitivity of the bone
scan over the bone radiograph for the detection of
metastases is due to the fact that invasion of the skel-
eton by malignant cells will excite functional (meta-
bolic) changes before there is significant structural
change. Bone metastases usually evoke both an
increase in local blood flow and reactive new bone
formation at a time when no bone destruction or
bone reaction can be seen radiographically (Charkes
et al. (1968).

Appearance of Metastases on the
Bone Scan

Metastases from most tumours will excite some
osteoblastic response in the bone, even when appar-
ently lytic on the bone radiograph. The character-
istic appearance of a metastasis on the bone scan
is thus one of focally increased uptake or a “hot
spot”’. The usual appearance of multiple metastases
is of irregularly distributed areas of increased uptake
(Fig. 5.1). The site of the primary tumour cannot
be inferred from the appearances of the metastases
on the scan.

In the patient with extensive bone metastases, the
bone scan may resemble the ‘‘superscan” appear-
ance of metabolic bone disease. This pattern may
occur with any tumour but is most commonly seen
in disseminated prostatic cancer. The scan shows
generally increased tracer uptake in the skeleton
with low background activity and faint or absent
renal images (Fig. 5.2). The “metastatic’ superscan
can usually, though not always, be distinguished
from that due to metabolic disease by the slightly
irregular uptake of tracer within the skeleton, espe-
cially the ribs (Fogelman et al. 1977).

If the metastasis fails to excite an osteoblastic
response the bone scan may appear normal. The
incidence of false-negative scan results in bone
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Fig. 5.1a,b. Bone scan of patient with breast carcinoma and bone
metastases. Irregular foci of increased tracer uptake throughout
the ribs, dorsal and lumbar spine, both sacroiliac joints and both
iliac bones. The right kidney is absent (nephrectomy after
trauma) and pooling of urine is seen at the lower pole of the left
kidney.

metastases has been reported to be less than 3%
(Pistenma et al. 1975; Citrin and McKillop 1978).
In patients with a high suspicion of metastases but
a normal bone scan, bone radiographs should be
obtained.

Bone Scanning in Metastatic Disease

Fig. 5.2a,b. Diffusely increased uptake in patient with widespread
skeletal metastases from carcinoma of the prostate. The kidneys
are not seen. The picture resembles the superscan of metabolic
bone disease apart from slight irregularity of tracer uptake in the
left ribs.

In the case of some bone metastases the bone scan
may show areas of decreased uptake (“cold spots”
or photopaenic lesions; Stadalnik 1979). The lesion
may either appear as a central cold area with
increased activity around it (Fig. 5.3) or as a purely
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Fig. 5.3. Rib metastasis from carcinoma of prostate showing
increased uptake around a cold centre.

cold lesion (Fig. 5.4). Photopaenic metastases have
been reported in many different tumours, including
those in children (Weingrad et al. 1984), but are
particularly common in myeloma (Wahner et al.
1980) and in renal carcinoma (Kim et al. 1983).
The frequency with which cold lesions are
recognised may increase in the future as newer
gamma cameras with increased resolution become
more widely available. Currently, around 2% of
metastatic lesions are reported to produce cold spots
{Kober et al. 1979).

The scan characteristics of individual metastases
may change spontaneously in the course of the
disease, either from ““hot” to normal (Goergen et al.
1974), from “hot” to “cold” (Makoha and Britton
1980), or from individual “hot spots’ to superscan
(Manier and van Nostrand 1983). Therapy may
produce further changes in scan appearances, but
these will be considered separately.

Significance of Bone Scan
Abnormalities in the Cancer Patient

The normal bone scan has been discussed in detail
in Chapter 3, and the need to recognise areas of the
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Fig. 5.4. Metastasis from anaplastic carcinoma (site unknown)
causing a cold spot in the left half of LV-3. There is also some
decreased uptake in the lower part of the body of LV-2.

skeleton which normally show increased tracer
uptake has been stressed. The periarticular areas
represent a common area of potential confusion.
Recently it has also been reported that sites of
muscle insertion may show some increase in tracer
uptake. The deltoid tuberosity may be associated
with focally increased uptake which can be misin-
terpreted as a pathological lesion (Fink-Bennett and
Vicuna-Rios 1980). “Stippling” of the ribs at the
insertion of the ileocostalis thoracis portion of the
erector spinae muscles has been reported to occur
as a normal variant in around 7% of patients (Fink-
Bennett and Johnson 1985).

The main shortcoming of the bone scan is the
non-specificity of a “hot spot” for metastatic disease.
Many forms of benign skeletal disease produce a hot
spot. There is no way of being absolutely certain
from the bone scan alone as to whether the abnor-
mality is due to metastases or some more benign
disease.

The avidity of uptake of tracer within the lesion
does not provide any guide as to its nature—
metastases, fractures, osteomyelitis and Paget’s
disease all commonly cause markedly increased
tracer uptake. Some malignant lesions, on the other
hand, will cause only slightly increased bone tracer
uptake. Some recent work has suggested that
benign and malignant lesions within the spine
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Fig. 5.5. Single hot spot in the right 11th rib of a woman present-
ing with Stage I breast cancer and no clinical evidence of bone
metastases. A bone scan 6 months later was normal.

might be differentiated by measuring lesion to non-
lesion uptake ratio at 4 and 24 h after injection
(Israel etal. 1985). Patients with degenerative
disease of the spine in this study showed no signifi-
cant change in the ratio between 4 and 24 h.
Patients with metastases had a higher mean lesion
to non-lesion uptake ratio at 4 h, and it increased
further at 24 h. This interesting observation
requires confirmation.

The number of lesions on a bone scan may provide
some guide as to the likely cause. The patient who
shows multiple areas of increased uptake irregularly
scattered through the skeleton, is very likely to have
metastatic disease, but other causes such as trauma
or Paget’s disease cannot be completely excluded.
Patients with a primary cancer who have a single
bone scan abnormality are an especially difficult
group (Fig.5.5). Around 7% of patients with
metastases will present with a single lesion on the
bone scan (Corcoran et al. 1976; Rappaport et al.
1978; Brown 1983). A single abnormality, how-
ever, has a significant probability of being due to a
non-malignant lesion. In the three series cited, 55%
of the solitary scan abnormalities were due to
neoplastic disease. The remainder were due to
trauma (259%), infection (10%) and miscellaneous
causes (10%). The probability of a malignant cause
for a solitary hot spot in patients with a known pri-
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Fig. 5.6. Multiple anterior rib fractures following a road accident
in a man with surgically treated prostatic cancer. The scan was
otherwise normal and he had no evidence of metastases 15
months later.

mary cancer also varies with the site of the bone
scan abnormality. Tumeh etal. (1985) have
reported that solitary rib lesions are rare in cancer
patients and, when present, are usually due to
benign discase. McNeil (1984) states that in the case
of solitary rib lesions the frequency of a malignant
cause has been estimated to vary between 1% and
17%, while around 80% of vertebral lesions are
malignant. Isolated joint abnormalities are likely to
be due to arthritis.

The location and distribution of multiple bone scan
lesions may also help in determining their nature.
For example, a linear array of hot spots in the ribs
(Fig. 5.6) is probably due to trauma (Schutte 1980;
Harbert et al. 1981). In the case of metastatic lesions
from breast and lung cancer, thoracic spine or rib
lesions are common (more than 809% of the total)
and limbs sites uncommon (15% of the total) (Wil-
son and Calhoun 1981).

The shape of a scan abnormality may occasionally
be helpful in determining the cause. Thus an elon-
gated rib lesion (Fig. 5.7) is likely to be malignant,
while a focal rib lesion is often due to fracture (Matin
1982). The intense uniform involvement, often of
a whole bone, in Paget’s disease is well recognised
(see Chap. 8 p. 90), but similar appearances may
occur in metastatic disease, especially in carcinoma
of the prostate (Citrin and McKillop 1978).
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Fig. 5.7. Elongated rib lesions caused by metastatic carcinoma
of the breast. Some increased uptake is seen in the right shoulder.
The nature of this remains unclear as the radiograph shows only
degenerative change.

Single photon emission computed tomography
(SPECT) has had a relatively small application so far
to bone scintigraphy, but especially in the case of
spinal lesions it may be of value in localising more
precisely the area of abnormality, thus helping to
clarify the likely cause.

All bone scan abnormalities should be correlated
with the results of other, more specific investiga-
tions. Initially a radiograph of the area showing the
hot spot should be obtained. This may either show
a benign cause for the scan appearance, confirm the
presence of metastases or be normal at the site of
scan abnormality. When standard radiographs are
normal, computed tomography of bone can be valu-
able in evaluating the significance of a scan abnor-
mality (Durning et al. 1983 ; Muindi et al. 1983).

In some patients, especially those with solitary
bone scan lesions, bone biopsy may be necessary to
establish whether a scan abnormality is due to
malignant disease (Collins et al. 1979). The bone
scan can be useful in guiding the site for open bone
biopsy, either by injecting methylene blue over the
site of the abnormality if biopsy is performed within
a few hours of the scan, or by inserting a small metal
marker if there is to be a longer delay before biopsy
(Froelich et al. 1983).
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Effects of Surgical Procedures on the Bone
Scan

The bone scan is very sensitive to trauma, and surgi-
cal procedures in cancer patients may produce bone
scan changes. In patients with lung cancer or breast
cancer focal rib abnormalities are frequently seen
on the side of the operative procedure, caused by
surgical trauma. It is important not to attribute such
changes to tumour involvement. In the case of
mastectomy, the removal of the breast tissue may
result in apparent prominence of the underlying ribs
on the bone scan caused by reduced tissue attenua-
tion of photons (Citrin and McKillop 1978).
Increased activity in the ipsilateral shoulder after
mastectomy has also been described (Seo et al.
1981). This appearance has been attributed to a
reflex sympathetic dystrophy syndrome. Increased
radioisotope uptake in the soft tissue of the arm on
the mastectomy side is also common (Bledin et al.
1982).

Patients with malignant disease frequently
undergo bone marrow aspiration or bone biopsy.
Both sternal and iliac crest marrow aspiration do
not usually produce any bone scan abnormality
(Tyler and Powers 1982 ; McKillop et al. 1984). By
comparison, a scan abnormality can usually be
detected within a few days of transiliac bone biopsy
and persists for several months (McKillop et al.
1984).

Indications for Bone Scanning in
Extraosseous Malignancy

Pretreatment Staging and Routine Follow-up
After Primary Therapy

In the 15 years since the introduction of the **=Tc-
labelled phosphate agents many studies have been
performed to assess the value of routine bone scan-
ning in asymptomatic patients with primary
tumours which frequently metastasise to bone. The
role of the bone scan has been investigated both for
pretreatment staging and for the early detection of
asymptomatic metastatic disease in patients who
have had treatment for the primary neoplasm. In
spite of the considerable volume of work in this area,
there is still great controversy over the value of
routine bone scanning in clinically ‘early”
tumours. This point will be considered further under
individual tumour types. Other recent reviews have
appeared on aspects of the subject (Harbert 1982;
Parbhoo 1983 ; McNeil 1984).



46

Investigation of the Patient with a Clinical
Suspicion of Bone Metastases

In patients with a clinical suspicion of bone
metastases, either because of symptoms or labora-
tory evidence of bone involvement or because of
tumour recurrence elsewhere, the bone scan is
generally accepted as the most important initial
investigation because of its high sensitivity and the
ease with which a whole-body image can be
obtained. As noted above, an abnormal bone scan
should be followed by more specific investigations
directed to the sites of scan abnormality. Even in the
patient with radiographic evidence of bone
metastases the scan often has value in demonstrat-
ing more extensive disease than suspected radio-
graphically. This may have considerable
importance, for example when planning radio-
therapy fields, or may indicate a more easily acces-
sible site for bone biopsy.

The relationship between bone pain and bone
metastases is complex. Patients with malignant
disease and a single site of bone pain are found fre-
quently to have multiple metastases, and patients
with no bone pain may have metastatic disease
(Front et al. 1979). On the other hand, Winchester
etal. (1979) found that only 60% of a series of
patients with bone pain and breast cancer had
demonstrable metastases. Schutte (1979) found a
better correlation between bone pain and bone
metastases in patients with malignant disease, but
noted the absence of pain in 13 (13%) out of 97
patients with metastases and an abnormal bone
scan. Of the 13 patients, 10 (77%) showed radio-
graphic evidence of osteoblastic metastases. Patients
with  breast cancer receiving adjuvant
chemotherapy have been suggested to be a group
with a high incidence of asymptomatic bone
metastases (Hammond et al. 1978).

Schutte and Park (1983) have investigated the
role of bone scintigraphy in patients presenting with
low back pain. In a group of 38 patients presenting
with “non-specific”’ back pain, only 7 (18%) had
bone scans indicative of clinically significant
disease. By contrast, in 138 patients with backache
and a past history of malignancy nearly 40% had
bone scan evidence of a subsequently proven
metastasis. A further 14% had scan evidence of
traumatic or degenerative lesions, and in half of
them it was not possible to exclude malignancy from
the bone scan.

Hypercalcaemia is another feature which will
suggest the development of bone metastases in
patients with known malignancies and is a common
indication for a bone scan. Hypercalcaemia may
occur from lung, breast or other cancers without
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any apparent bone metastases, and even when
metastases are present their extent correlates poorly
with the level of hypercalcaemia (Ralston et al.
1982). These results suggest that, in addition to
bone destruction, as yet unidentified hormonal
influences may have a role in the hypercalcaemia
of malignancy.

Assessment of Response to Therapy

The bone scan has been used by many workers to
assess the response of bone metastases to radio-
therapy or systemic therapy. Galasko (1975b)
showed that effective radiotherapy for experimental
bone metastases in an animal model caused replace-
ment of tumour which accumulated bone-seeking
tracers by a fibrous stroma which no longer
accumulated activity. Unsuccessful radiotherapy
was associated with continued active uptake of the
bone-scanning agent. In patients undergoing radio-
therapy, successful treatment produces a decrease
in uptake in the metastases and a return to unity
of the tumour to normal bone activity ratio
(Castronovo et al. 1973). Normal bone included in
the radiation field will also show diminution in
tracer uptake compared with untreated bone (Cox
1974; Citrin and McKillop 1978). An example is
shown in Fig. 5.8.

Fig. 5.8. Decreased tracer uptake in the upper thoracic spine of
a patient previously treated with mantle irradiation for
lymphoma.
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Fig. 5.9. a Bone scan from a woman with multiple metastases from breast carcinoma. b Scan 3 months later, after introduction
of systemic chemotherapy, shows increased tracer uptake in previously noted lesions and new areas of increased uptake. ¢ At 6
months after introduction of therapy the uptake in lesions is less and fewer lesions are seen than on the immediate post-treatment

scan. The scans demonstrate the flare phenomenon.

In a tumour model showing spontaneous resolu-
tion of bone metastases, healing of the lesions was
associated with an initial rise in uptake of the bone-
scanning agent, followed by a gradual fall to nor-
mal. Radiographically this healing was associated
with the appearance of large quantities of cortical
new bone, which resembled callus (Parbhoo 1983).
A similar sequence of changes on the bone scan has
been described for bone metastases treated success-
fully by hormonal therapy or chemotherapy—the
so-called flare phenomenon (Gillespie et al. 1975;
Alexander et al. 1976). This phenomenon consists
of an osteoblastic response which occurs as bone
metastases heal (Fig. 5.9). As a result, the existing
lesions show increased activity on the scan for a
period. In addition, previously undetected lesions
may become visible, resulting in abnormalities at
new sites in the skeleton (Rossleigh et al. 1982). As
healing progresses, the intensity of the lesions
decreases and they may disappear. The flare
phenomenon is well recognised during treatment of
metastases from carcinoma of the breast with
systemic therapy (Citrin et al. 1981 ; Rossleigh et al.
1984). It also occurs during systemic treatment of
metastatic carcinoma of the prostate, though there
is disagreement as to whether the phenomenon is
rare (Pollen et al. 1984) or common (Levenson et al.
1983) in this tumour. The flare phenomenon is
maximal in the first few months after starting
systemic therapy (Citrin 1980; Drelichman et al.
1984).

The use of serial bone scans to assess the response
of skeletal metastases to systemic therapy requires
considerable caution. Reproducibility of scan tech-
nique is essential. Factors such as time from injec-

tion of tracer to imaging, time of acquisition for
individual views and constancy of image contrast
must be carefully controlled.

In patients receiving systemic therapy for bone
metastases reduction in the number of lesions on
the bone scan (Fig. 5.10) usually indicates success-
ful treatment and healing of the metastases (Citrin
et al. 1981; Parbhoo 1983 ; Rossleigh et al. 1984).
Conversely, an increase in the number of lesions
present on the bone scan more than 6 months after
institution of therapy (Fig. 5.11) usually indicates
disease progression. Apparent new lesions on the
scan earlier than this should be interpreted with
care because of the flare phenomenon.

The significance of changes of intensity of uptake
in individual lesions during systemic therapy is
more controversial. Assessing changes in intensity
of uptake can be difficult; Condon etal. (1980)
showed that changes in intensity of less than 40%
were not likely to be detected by visual interpreta-
tion. Various methods have been used in an attempt
to quantitate both the intensity of uptake within
bone lesions and the degree to which the skeleton
is involved (Condon et al. 1980; Citrin et al. 1981).
These methods allow more objective assessment of
serial changes in lesions uptake (Pitt and Sharp
1985), though it has yet to be shown that they have
clinical relevance.

Some workers have used decrease in lesion inten-
sity to represent improvement and increase in inten-
sity to indicate progression and have shown that
changes of this type correlate quite well with other
markers of changing disease extent and with the
clinical course (Citrin etal. 1981; Pollen et al.
1981; Levenson et al. 1983). Other studies have
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Fig. 5.10. a,b Bone scan of thoracic and lumbar spine showing extensive metastases from prostatic carcinoma. c,d Bone scan 1
year later is still abnormal but shows many fewer lesions as a result of good response to bilateral orchidectomy.

suggested that intensity of uptake is a poor indicator
of response to treatment. Condon etal. (1980)
found that uptake in some lesions decreased at a
time when new lesions were appearing elsewhere.
Aggressive lesions, especially those penetrating
through the cortex, could show decrease in tracer
uptake as the lesion progressed, presumably because
the lesion was extending so rapidly that there was
no chance for reactive new bone formation.

Bone Scanning in Individual
Tumours

Breast Cancer

Breast cancer is the commonest cause of death from
cancer in women from the age of 15 to 75 years.
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Fig. 5.11. a,b Single bone metastasis in upper thoracic spine of woman with breast carcinoma metastatic to the lung. The skull
is normal. ¢,d Bone scan 10 months later shows progressive bone disease in spite of tamoxifen therapy.

Bone metastases are present in some 50%-85% of
women with breast cancer coming to autopsy
(Abrams etal. 1950; Gilbert and Kagan 1976;
Galasko 1981). Isotope bone scanning has been
very extensively applied to patients with breast can-
cer, but there is still considerable controversy over

its role, especially in patients with clinically early
breast cancer and no symptoms of bone metastases.

Six studies using early bone-scanning agents
(fluorine or strontium radioisotopes) were carried
out in patients with clinically localised (Stage I or
Stage IT) primary breast cancer. The findings of these
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Table 5.1. Fluorine and strontium bone scans in “early’” breast
cancer

Reference Number of Number with
patients studied abnormal scans

Sklaroff and Charkes (1968) 64 10 (16%)
Galasko (1969) 50 12 (24%)
Hoffmann and Marty (1972) 43 13 (30%)
Green et al. (1973) 69 3 (4%)

Blair (1975) 92 28 (30%)
Charkeset al. (1975) 35 3(9%)

studies are given in Table 5.1. The frequency of
abnormal bone scan varied from 4% to 30%. The
general conclusion was that preoperative bone
scans should be obtained in women with clinically
early breast cancer.

With the introduction of the ?°»Tc phosphate
bone-scanning agents, a large number of reports
appeared on bone scanning at the time of presen-
tation in clinically early breast cancer. Some
representative series are listed in Table 5.2. A wide
variety of results were obtained. In clinical Stage [
the percentage of abnormal bone scans varied from
0% to 18%, with a mean value in the series pre-
sented of 4.4% (35/799). In Stage II the levels of
abnormal bone scan ranged from 0% to 32%, with
a mean value of 7.2% (79/1102). The cause for the
wide discrepancy in the reported rates of abnormal
bone scan in early breast cancer is uncertain. Dif-
ferent techniques of staging may be an important
factor (British Breast Group 1978). A recent study
has indicated considerable variation between
centres in the criteria for bone scan interpretation
(Smith et al. 1985).
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As stressed already, it is essential to confirm the
significance of bone scan abnormalities by other
more specific techniques. The reported frequency of
false-positive bone scan evidence in patients with
early breast cancer has varied around 1%-2% in
several series assessing this point (Gerber et al.
1977; McNeil etal. 1978; Moneypenny et al.
1984 ; Kunkler et al. 1985).

As many as 50% of women with breast cancer
develop their first recurrence in bone (Bruce et al.
1970). Serial routine bone scans have been per-
formed by various centres in the follow-up of women
treated for clinically early breast cancer. Again the
results show considerable diversity. Some represen-
tative series are listed in Table 5.3. The mean time
after presentation to development of bone scan
abnormalities has been around 2 years in several
series. The relationship of bone scan detection of
metastases to radiographic findings is a matter of
debate. In some series (e.g. Citrin et al. 1976), a sig-
nificant proportion of the patients developing bone
metastases had normal bone radiographs which
subsequently became abnormal. Other series (e.g.
Moneypenny et al. 1984) report that most patients
with bone scan abnormalities had radiographic
abnormalities simultaneously. A possible explana-
tion is provided by the study of Kunkler et al.
(1985), who noted that most patients with bone
scan evidence of metastases had radiographs which
were initially interpreted as normal. When reviewed
in conjunction with scintigrams, the rate of abnor-
mal bone radiographs increased, because of
increased weight being put on subtle radiographic
changes at sites of scan abnormality.

Table 5.2. Results of **»Tc phosphate bone scanning at presentation in clinically early breast

cancer
Reference Stage I Stage II
Number of Number with Number of Number with
patients abnormal scans  patients abnormal scans
El Domeiri and
Shroff (1976) 10 0 14 1(7%)
Citrin et al. (1976) 49 6(12%) 26 5(19%)
Campbell et al. 1976) 50 9 (18%) 17 7 (41%)
Baker et al. (1977) 27 1(4%) 36 0
Gerberet al. (1977) 73 2(3%) 37 0
Davieset al. (1977) 98 2(2%) 56 1(2%)
McNeil et al. (1978) 37 0 85 3(3.5%)
O’Connell et al. (1978) 30 1(3%) 42 4 (9%)
Hammond et al. (1978) 1 0 28 3(11%)
Clark et al. (1978) 71 5(7%) 99 4 (4%)
Lindholm et al. (1978) 98 3(3%) 244 15 (6%)
Komaki et al. (1979) 24 4(17%) 41 13 (32%)
Burkett et al. (1979) 80 1(1%) 59 2 (4%)
Wilson et al. (1980) 86 0 87 3(3%)
Kunkler et al. (1985) 65 1(1.5%) 231 18 (8%)
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Table 5.3. Results of follow-up *°*»Tc phosphate bone scans in patients with

clinically early breast cancer and normal studies at presentation

Reference Follow-up period Number developing
abnormal scans

Lentle et al. (1975) 12 months (mean) 10/52 (19%)
Citrin et al. (1976) 36 months (mean) 15/64 (23%)
Gerberet al. (1977) 24 months (mean) 12/47 (26%)
Bishop et al. (1979) 24 months 26/278 (9%)
Chaudary et al. (1983) 24 months 24/241 (10%)
Moneypenny et al. (1984) upto 5 years 37/510(7%)
Kunkler et al. (1985) up to 4 years 31/328 (9%)

The frequency of abnormal bone scans at presen-
tation in patients with more advanced breast cancer
is generally accepted to be higher. Some representa-
tive series for Stage III disease are set out in Table
5.4, with a mean figure of 27.6% (109/394).

The prognostic significance of abnormal bone
scans in clinically early breast cancer has been
examined by various authors. Some reports, such
as those of Sklaroff and Charkes (1968), Perez et al.
(1983) and Moneypenny et al. (1984) have found
the bone scan to be a poor predictor of subsequent
skeletal relapse, because of both false-positive and
false-negative results from isotope studies. Other
studies have suggested that an abnormal bone scan
implies a poor prognosis.

Galasko (1975a) found that all patients with
abnormal bone scans had confirmed bone
metastases over a 5-year follow-up and had a
mortality of 83%, compared with 219 for patients
with normal scans. Blair (1975) confirmed an
increased mortality in patients with abnormal
scans, and Charkes et al. (1975) reported that all
patients with abnormal scans developed metastases

Table 5.4. Results of bone scanning at presentation in Stage III
breast cancer

Reference Number of = Number with
patients abnormal scans

Hoffmann and Marty (1972) 11 6 (55%)
Lentle et al. (1975) 23 2 (9%)

El Domeiri and Shroff (1976) 31 14 (45%)
Roberts et al. (1976) 20 6 (30%)
Campbell et al. (1976) 13 8 (62%)
Baker et al. (1977) 41 10 (24%)
Gerber et al. (1977) 12 5 (42%)
Davieset al. (1977) 38 6(16%)
McNeil et al. (1978) 31 5(16%)
O’Connell et al. (1978) 13 2(15%)
Hammond et al. (1978) 14 3(21%)
Clark et al. (1978) 31 12 (39%)
Lindholm et al. (1979) 51 8 (16%)
Komaki et al. (1979) 27 10 (37%)
Wilson et al. (1980) 38 12 (32%)

over follow-up of 20 months. McKillop et al. (1978)
found a mortality of 65% in patients with abnormal
scans, compared with 10% in those with normal
scans over a mean follow-up of 36 months. A similar
increase in mortality in patients with abnormal
scans was reported by McNeil et al. (1978), Komaki
etal. (1979), Roberts and Hayward (1983) and
Kunkler et al. (1985).

The role of the bone scan in following the
response of breast carcinoma metastases to systemic
therapy has already been partly discussed. Galasko
(1975a), Alexander etal. (1976), Citrin et al
(1981), Parbhoo (1983) and Rossleigh et al. (1984)
all concluded that the changes in the bone scan
yielded useful objective evidence on the response to
treatment. By contrast, Hortobagyi et al. (1984)
found that the bone radiograph showed a better cor-
relation with the response of non-osseous
metastases than did the bone scan.

With such conflicting data in the literature it is
not surprising that there is still no overall consensus
on the role of bone scanning in breast cancer (Har-
bert 1982; McNeil 1984). In general, although it
still has some proponents, the great initial enthu-
siasm for routine preoperative scanning of all
women with clinically early breast cancer has faded
somewhat. This is due to acceptance of the fact that
the yield of true-positive evidence from bone scans
in Stage I and II breast cancer is likely to be small
and has to be offset against some false-positive
results. Also important in the change of attitude is
the trend towards less radical surgery for breast can-
cer and the realisation that systemic therapies are
relatively ineffective in control of metastatic disease.
Thus the therapeutic implications of an abnormal
bone scan have become less clear cut. For similar
reasons routine annual bone scans in asymptomatic
patients are no longer performed in many centres
(Thomsen et al. 1984 ; Wickerham et al. 1984).

It is generally accepted that bone scans should be
obtained in patients with symptoms of bone
metastases, soft tissue metastases and locally
advanced disease for prognostic purposes. A bone
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scan at presentation is indicated in all patients being
entered into therapeutic trials, to help to assess
adequacy of randomisation of patients to groups. If
serial bone scanning during follow-up is being
carried out, a study at the time of presentation is
useful as a baseline for later comparison.

Lung Cancer

Many patients presenting with lung cancer have
multiorgan involvement at the time of presentation
(Naruke et al. 1976). Bone metastases are common,
being present at autopsy in 30%-50% of patients
with lung cancer (Abrams et al. 1950; Gilbert and
Kagan 1976). Surgery is inappropriate in patients
with disseminated disease, particularly as it has an
average operative mortality of 5%-10% (McNeil
1984).

Bone scanning has been used widely in patients
with lung cancer. Sauerbrunn (1972) found abnor-
mal strontium bone scans in 29/82 (35%) patients
with lung cancer. The presence of bony metastases
was confirmed in 18 (22%). Studies by Operchal
et al. (1976) and Donato et al. (1979) on unselected
patients with bronchial carcinoma showed a fre-
quency of abnormal bone scans of 19/65 (31%) and
20/60 (33%) respectively.

If only patients with operable tumours or who are
asymptomatic for metastases are considered, the
rate of abnormal scans falls. Kies et al. (1978)
demonstrated confirmed bone metastases in 8/42
(19%) patients with no bone symptoms and in 7/9
(78%) symptomatic patients. Similarly, Hooper et al.
(1978) found abnormal studies in 4% of asympto-
matic patients compared with 36% of those with
symptoms. Kelly et al. (1979) obtained abnormal
bone scans in 45% of their whole series of lung can-
cer patients, but in only 8/59 (14%) asymptomatic
patients. Ramsdell etal. (1977) studied patients
with apparently resectable lung cancer and found
a true-positive rate of abnormalities in bone scans
of 1/52 (2%). There was also a false-positive rate
of 2%. The only conflicting results were from the
series reported by Fujimura (1978), in which the
rate of abnormal bone scans was similar in patients
with surgically treated and inoperable bronchial
carcinoma: 9/23 (39%) vs. 27/67 (40%). A high
incidence of abnormal bone scans at presentation
has been recorded in patients with small cell or
anaplastic lung cancer (Bitran et al. 1981 ; Leven-
sonetal. 1981).

The poor prognosis of an abnormal bone scan in
lung cancer was stressed by Gravenstein et al.
(1979). In their series, 46 patients had abnormal
scans at presentation. Of these, 40 (87%) had died
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within 6 months and another 4 (10%) by 12
months. By contrast, 50% of the patients with a
normal scan at presentation survived more than
6 months. The poor prognosis associated with an
abnormal bone scan was confirmed by Levenson
etal. (1981).

Little information is available on the use of bone
scans in the follow-up after surgery for lung cancer.
Donato et al. (1979) reported that of seven patients
with resectable lung cancer and normal radio-
graphs and bone scans at presentation, three had
abnormal bone scans within 5 months.

Bone scanning at presentation is indicated in all
patients with lung cancer who have clinical or bio-
chemical evidence of possible bone metastases. Its
use in asymptomatic patients with apparently
resectable disease needs further evaluation. It seems
reasonable at the moment to obtain bone scans pre-
operatively in asymptomatic patients to spare mor-
bidity and mortality from surgery which has no
hope of being succesful because of skeletal involve-
ment. It is essential, however, that all scan abnor-
malities are confirmed by other methods to be
definitely due to metastases, to ensure that false-
positive results do not exclude patients from poten-
tially curative resection.

Fig. 5.12. Bone scan image of tibiae from a patient with car-
cinoma of the lung, showing increased tracer uptake along corti-
cal borders (double stripe sign). Appearances are characteristic
of HPOA.
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The bone scan will also show abnormalities in
patients with hypertrophic pulmonary osteoarth-
ropathy (HPOA), ranging from localised bracelet-
like activity in the tibiae and wrists, to generalised
uptake in the long bones (Fig. 5.12; Lopez-Majano
and Sobti 1984). Within the long bones the scan
may show intense pericortical activity, the so-called
double stripe or tramline sign (Terry et al. 1975).
The scan evidence of HPOA may resolve very
quickly after treatment of the primary tumour.
Return of the bone scan to normal within 1 month
of radiation therapy and surgical resection has been
reported, although radiographs showed no change
(Freeman and Tonkin 1976). Finger clubbing may
produce increased uptake in the distal phalanges
(Citrin and McKillop 1978), and bone scan changes
may be seen even in patients with no clinical evi-
dence of clubbing (Sy and Seo 1984).

Prostatic Cancer

The reported incidence of bone metastases at
autopsy in prostatic cancer is 50%-70% (Abrams
et al. 1950; Gilbert and Kagan 1976). Endocrine
manipulation of this tumour may be successful
either in controlling symptoms of bone metastases
or in slowing progression of the lesions.

Bone scans on unselected series of patients with
prostatic cancer reveal a high incidence of bone
metastases at presentation (Table 5.5). The fre-
quency of abnormal bone scans is related to tumour
characteristics. Biersack et al. (1980) reported that
the frequency of abnormal bone scans was 7% for
T1 tumours, 19% for T2, 49% for T3 and 65% for
T4. Similar results were reported by O’Donoghue
etal. (1978) and Langhammer etal. (1980).
Histological type is also important, with uniform
adenocarcinomas showing an increasing rate
of metastases with increasing dedifferentiation
(Langhammer et al. 1980).

Table 5.5. Frequency of abnormal bone scans at presentation in
prostatic cancer

Reference Number of Number with
patients abnormal scans

Shafer and Reinke (1977) 110 37 (34%)

O’'Donoghue et al. (1978) 90 30(34%)

McGregor et al. (1978) 50 23 (46%)

Paulson and the Uro-

Oncology Research Group

(1979) 425 145 (34%)

Biersack et al. (1980) 153 46 (30%)

Lund et al. (1984) 128 65(51%)
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Paulson and the Uro-Oncology Research Group
(1979) related the frequency of abnormal scans to
clinical staging. In this series the rate of abnormal
scans was 7/82 (9%) in Stage I, 20/100 (20%) in
StageI119/79 (24%) in Stage Il and 98/163 (60%)
in Stage IV. McNeil and Polak (1981), citing the
data of Paulson and also unpublished results from
the Veterans Administration Co-operative Study on
Prostatic Cancer, concluded that the yield of true
positive results at presentation in prostatic cancer
was around 5% for Stage I, 10% for Stage Il and
20% for Stage III.

The extent of bone metastases judged scin-
tigraphically correlates reasonably well with the
serum acid phosphatase level (Kida and Higuchi
1983). However, Huben and Schellhammer (1982),
summarising the results of four series, commented
that of patients with scintigraphically demonstrated
bone metastases only 51% had bone pain and only
61% had elevated serum acid phosphatase.

McNeil (1984), using data in the literature, esti-
mated the relative sensitivity of various procedures
for prostatic bone metastases to be as follows
(assuming a value of 1.0 for scintigraphy): radio-
graphic skeletal surveys 0.68 ; alkaline phosphatase
levels 0.54-0.77 ; enzymatic assays for serum acid
phosphatase 0.5-0.6.

A problem may be encountered in the patients
with diffuse osteoblastic metastases from prostatic
cancer: The bone scan may not show focal defects
but rather have a superscan appearance and thus
be interpreted as normal (Paulson and the Uro-
Oncology Research Group 1979). The diagnosis can
usually be made because of some irregularity of
uptake of tracer, especially in the ribs (Fogelman
et al. 1977). It has also been suggested that an index
of image quantitation related to the ratio of uptake
in bone and soft tissue can clearly differentiate these
patients from other diagnostic categories (Constable
and Cranage 1981).

Lund et al. (1984) have shown that patients with
an abnormal bone scan at presentation have a
mortality rate of around 459% at 2 years, compared
with 20% for those with a normal initial scan. It
is recommended that all patients presenting with
carcinoma of the prostate should have a bone scan.

Little data is available on the use of routine serial
scanning in patients who have normal scan at
presentation. Lund et al. (1984) found that around
10% of patients with an initial normal scan had an
abnormal study at 1 year and 20% at 2 years. They
concluded that annual scans were of value in
patients with normal previous scans, to detect
occult metastases which require endocrine therapy.
By contrast, Huben and Schellhammer (1982), in
a study of 100 patients with carcinoma of the pros-
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tate and a normal initial scan, reported that only
19% developed abnormal scans during a mean
follow-up of 47 months. All patients with abnormal
scans had either bone pain or an elevated serum acid
or alkaline phosphatase. They concluded that
routine follow-up scans were not justifiable.

The use of bone scans to follow the response to
treatment has been studied by various groups. Lund
etal. (1984) concluded that serial scans during
treatment were useful, as patients with scan evi-
dence of remission showed an improved survival
rate. Pollen et al. (1981) noted that patients with
scan evidence of disease progression had a 41%
chance of survival at 6 months and 7% at 12
months. For those without scan evidence of pro-
gression the 6 and 12 months’ survival figures were
88% and 60%, respectively. Levenson et al. (1983)
concluded that both bone scans and bone radio-
graphs were required for full assessment of
systematically treated prostatic bone metastases. Sy
and colleagues (1981) used the bone scan to study
patients who had orchidectomy for bone pain : Com-
plete regression of metastases was seen in 4/24 and
an additional 8 had incomplete resolution.

The bone scan can be used to assess response to
systemic therapy of bone metastases from prostatic
cancer. Further studies are required, however, to
establish how much additional information is
achieved compared with clinical and other param-
eters of disease progression.

Urinary Tract Cancers

The frequency of bone metastases at autopsy is
around 30%-50% for renal carcinoma and 12%—
259 for bladder cancer (Abrams et al. 1950; Gilbert
and Kagan 1976). Cole et al. (1975) reported that
5 of 12 patients presenting with renal carcinoma
had bone metastases on scintigraphy. Two of the
patients with abnormal bone scans had normal
skeletal radiographs. The method of selecting
patients for study was not discussed. Clyne et al.
(1983) found 7 true-positive scan results and 2
false-positive scan results in 32 consecutive patients
with renal carcinoma, a true-positive rate of 22%.
Five of the patients with true-positive scan results
had bone pain. During follow-up a further eight
patients showed true-positive bone scan abnormali-
ties, six having bone pain. In this series, bone scans
were 100% sensitive and 959% specific for bone
metastases, the figures for bone radiographs being
679% sensitivity and 100% specificity. The question
of the solitary lesion on the bone scan of patients
with genitourinary malignancy has been studied by
Robey and Schellhammer (1984), who have recom-
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mended following the bone scan by plain radio-
graphs, X-ray tomography, computed tomography
and finally biopsy in sequence until the diagnosis
of metastatic disease is established or refuted. Rosen
and Murphy (1984) found bone scan evidence of
metastases at presentation in 3/40 (8%) patients
with renal carcinoma. They concluded that routine
scintigraphy was unwarranted in the absence of
skeletal symptoms before the diagnosis of renal
lesions, especially as the presence of an abnormal
bone scan did not alter the indication for
nephrectomy.

Reddy and Merrick (1983) reported that of 12
patients with known bone metastases from renal
carcinoma, 4 (33%) had normal bone scans. They
stressed the importance of looking for photopaenic
(cold) lesions. This message also emerged from the
study of Kim et al. (1983), in which 7/68 (11%)
biopsy-proven renal metastases to bone were cold
on scan. A further 6 (9%) were associated with a
normal scan. The bone scan was more sensitive
than bone radiographs.

Parthasarathy etal. (1978), in a retrospective
study, reported abnormal bone scans in 13/26
(50%) of patients with bladder cancer. The indica-
tions for bone scintigraphy were not specified. Three
prospective studies have suggested that the true
incidence of metastases at presentation is much
lower, probably lying between 2% (Berger et al.
1981; Lindner et al. 1982) and 5% (Davey et al.
1985). Bone scans should be reserved for those blad-
der cancer patients in whom there is a clinical sus-
picion of skeletal metastases.

Gynaecological Cancer

Cervical carcinoma does not show a marked
predilection to metastasise to bone. Two large series
give a total of 140 out of 3452 patients (4%) as hav-
ing clinical or autopsy evidence of bone involvement
(Carlson et al. 1967 ; Blythe et al. 1975).

Katz et al. (1979) studied 100 women with cervi-
cal carcinoma by bone scanning. Of 21 patients with
advanced disease (Stage ITI, IV or recurrent disease),
4 (19%) had definite metastases on scan. All 79
patients with early (Stage I or I) disease had no evi-
dence of bone metastases. Renal asymfetry, sug-
gesting urinary tract obstruction, was seen in 11
patients, 7 of whom had advanced disease. They
concluded that bone scanning was not warranted
as a routine test in asymptomatic patients with
Stage O, I or II carcinoma, but that if carried out
renal asymmetry should be carefully evaluated
(Fig. 5.13). Similar findings were obtained from the
study by Kamath et al. (1983). Bassan and Glaser
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Fig. 5.13. Clinically unsuspected left hydronephrosis demonstra-
ted on the bone scan of a woman with locally recurrent car-
cinoma of the uterine cervix.

(1982) reached a different conclusion. They found
that abnormal bone scans were obtained in 14/148
(10%) of their patients, including 12 positive results
in patients with Stage I or Stage II disease. Histologi-
cal type of the tumour was paramount in their
study, with 13/19 (68%) of patients with poorly dif-
ferentiated primaries having bone metastases. They
concluded that bone scans were mandatory for all
patients with poorly differentiated tumours, what-
ever the clinical stage.

Photopulos et al. (1977) performed a variety of
investigations including bone scanning in 73
patients being followed up after surgery for cervical
cancer. The yield of the various procedures was low,
and they stated that specialised investigations
should be reserved for patients with a clinical sus-
picion of metastases.

In three series investigating patients with endo-
metrial cancer at the time of presentation, only
1/111 had an abnormal bone scan (Mettler et al.
1981; Kamath et al. 1982; Harbert et al. 1982).
Kamath et al. (1982) reported that of 77 patients
with recurrent disease, 4 (5%) had bone metastases
demonstrated by bone scanning.

In patients with Stage I or Il ovarian cancer, 0/43
(Mettler et al. 1982) and 0/6 patients (Harbert et al.
1982) had positive bone scans. Mettler et al. (1982)
reported that 3/40 (8%) patients with Stage III
disease had bone metastases, all having grade III
lesions histologically.
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Alimentary Cancer

Little information is available on bone scanning in
patients with alimentary tumours. Vider et al.
(1977) found abnormal bone scans in 3/6 (50%)
patients presenting with colorectal cancer but did
not comment on the stage of the patients or on
whether they were symptomatic for metastases.
Antoniades et al. (1976) reported that none of three
patients presenting with colorectal cancer had
abnormal bone scans.

Hatfield et al. (1976) carried out bone scans in
16 patients with pancreatic cancer and found 1
abnormal study (rate of 6%). From a review of the
literature on radiographic and autopsy findings they
concluded that the true incidence of bone
metastases in this tumour might be as high as 20%.

Melanoma

There is considerable variation in the reported rate
of skeletal metastases from melanoma. In a review
of the literature in 1949, Wilmer and Breckenridge
recorded a range of 0.9%-18.6%. Autopsy series
have suggested figures as high as 49% (Selby et al.
1956).

A number of studies have been performed on the
role of bone scintigraphy in melanoma. Roth et al.
(1975) found abnormal bone scans in 1/51 (2%)
patients with Stage I or Il disease and in 2/13 (15%)
with Stage IV disease. Thomaset al. (1979) had sim-
ilar results with no abnormal bone scans in 79
patients with Stage I or II disease and true-positive
scan evidence in 10/57 (18%) patients with Stage
III disease. Aranha et al. (1979) found no abnormal
studies in 50 patients with Stage I disease. Au et al.
(1984) reported abnormal scans in 5/112 (4%)
patients with Stage I disease. All proved to be false-
positive results on follow-up.

Fon et al. (1981) studied 50 patients at presen-
tation, of whom 26 (52%) had bone scan evidence
of metastases, confirmed in ‘“most cases”” by bone
biopsy. In 12, bone was the only metastatic site at
presentation. The precise staging of the patients is
not given but it is stated that “most were sympto-
matic or Stage III"”’. Five patients had radiographic
evidence of osteolytic lesions but normal scans.
Muss et al. (1979) found 14/49 (30%) patients with
advanced melanoma had true-positive bone scan
abnormalities, and one had a false-positive result.
All had bone pain. No cases of false-negative scan
results were found in this series: Of 13 patients with
bone pain but normal scans, none had clinical evi-
dence of bone metastases on follow-up. Pecking
et al. (1981) found 22/96 (24%) true-positive and
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6/96 (7%) false-positive results in Stage III disease.
By comparison, Doiron and Bernardino (1981)
found that all 8 abnormal bone scans in 38 patients
with Stage III disease were false-positive results.
Bone scans are not indicated for asymptomatic
patients with Stage I or I melanoma, but should
be part of the initial evaluation of all patients with
more advanced disease and of all symptomatic
patients. All bone scan abnormalities should be con-
firmed by radiographs or biopsy. Radiographs
should be obtained of all symptomatc sites shown
as normal on bone scan to exclude osteolytic lesions.

Thyroid Cancer

Differentiated thyroid cancer, especially of the folli-
cular variety, has a propensity to spread to bone,
as do anaplastic tumours. An overall incidence of
bone metastases of over 30% has been quoted for
thyroid cancer patients (Eddleston 1980). The
lesions are predominantly osteolytic, though
osteoblastic metastases do occur (Bhushan et al.
1985). Metastases from well-differentiated tumours
frequently retain the ability to trap iodine and can
often be demonstrated by **'I imaging.

Early studies with #*Sr suggested that bone scan-
ning was poor in detecting thyroid cancer bone
metastases (Charkes and O'Mara 1969). Castillo
et al. (1980) also found bone scans to be unsatisfac-
tory, with only 41% of 37 bone lesions in 8 patients
being shown on *F or °*mTc phosphate studies.
Whole-body '3'I scans demonstrated 89% of the
lesions. Dewan (1979) reported a closer correlation
between bone scan and **'I scan findings, although
the latter delineated the metastases more clearly.

De Groot and Reilly (1984) compared a variety
of investigative techniques in 108 patients with
thyroid cancer, 29 of whom were known to have
metastases. Bone scans were more sensitive than
skeletal radiographs for bone metastases, but a com-
bination of physical examination, chest radiograph
and '*'I whole-body scans detected all cases of
metastatic carcinoma. They concluded that bone
scans were useful in the evaluation of patients with
known metastatic disease but were not cost or time
effective in the routine follow-up of asymptomatic
patients previously treated for thyroid cancer.

A recent study (Hoefnagel et al. 1985) has sug-
gested that whole-body imaging with the potassium
analogue 2°'Tl may be superior to '*!I imaging in
the follow-up of thyroid cancer patients.

In medullary cancer of the thyroid, bone scanning
has been reported to be effective in demonstrating
bone metastases in patients with elevated serum cal-
citonin levels (Johnson et al. 1984).
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Nervous System Tumours

Neuroblastoma has been widely studied by bone
scanning. The primary tumour will accumulate
bone scan agents in 35% (Howman-Giles et al.
1979) to 60% (Smith et al. 1980) of cases (see
Chap. 15, p.214). There has been considerable
interest recently in the use of !*!I-labelled meta-
iodobenzylguanidine (MIBG) for the diagnosis of
neuroblastoma (Kimmig et al. 1984). Children with
neuroblastoma show a significant number of renal
tract abnormalities on bone scanning (Howman-
Gileset al. 1979).

Howman-Giles et al. (1979) found scan evidence
of bone metastases in 29/59 (49%) children with
neuroblastoma. They did not specify how many
patients were studied at presentation and how many
during follow-up. Bone metastases were distributed
symmetrically in the metaphyses and epiphyses of
the long bones in nine patients. One patient with
radiographically apparent metastases had a scan
interpreted as normal. Kaufman etal. (1978)
reported a 22% false-negative rate caused by
metastases to the ends of long bones. Podarsky et al.
(1983) reported 21 abnormal studies from 42 scans
in 35 children with neuroblastoma. The false-
positive rate for the bone scan in this series was
4.8% and the false-negative rate 9.5%.

At present, bone scanning and bone radiographs
are complementary in neuroblastoma and both are
required for adequate staging. On the scan careful
attention must be paid to the metaphyseal areas,
with the knowledge that osteolytic (cold) or bilateral
lesions may occur. The role of **'I-MIBG has still
to be defined, though initial reports are encouraging
(Shapiro et al. 1985).

There are a few reports in the literature of bone
scan demonstration of skeletal involvement by
intracranial malignancy (Schatzki et al. 1976 ; Boo-
her and Schmidtknecht 1977 ; Cagnoniet al. 1977).

Head and Neck Tumours

Head and neck tumours may invade bone locally
or metastasise to distant sites in the skeleton. Wolfe
et al. (1979) found only one abnormal bone scan
in 105 patients, many of whom had advanced
disease. They concluded that bone scans were of no
value in the routine work-up of this group of
patients, as did Belson et al. (1980).

Front et al. (1978) reported on the usefulness of
the bone scan in defining local bony involvement,
scintigraphy being superior to conventional radio-
graphs. The use of special views (Gates and Goris
1976) and SPECT (Brown et al. 1977) may further
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increase the diagnostic yield. A recent study (Gray
and Souttar 1985) has found bone scan to be
superior to oral pan tomography (OPT) for the dem-
onstration of bony involvement by intraoral
cancers.
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6 - The Bone Scan in Primary Bone Tumours and

Marrow Disorders

J. H. McKillop

Introduction

Skeletal radiography and bone biopsy are the main
investigations in patients with suspected primary
bone tumours. The bone scan can be helpful when
results of radiography are equivocal or negative and
can be used to demonstrate distant metastases from
malignant bone tumours, both at presentation and
during follow-up.

Primary Bone Tumours

Isotope Bone Scanning in the Differential
Diagnosis of a Primary Bone Tumour

In a recent study, Goodgold and colleagues (1983)
evaluated the use of bone scans in differentiating
between benign and malignant bone tumours in a
series of 78 patients. Intensity of uptake alone did
not differentiate between malignant primary bone
tumours (21 cases) and benign bone tumours (57
cases). Using a combination of shape and size of the
tumour on. bone scan and the pattern of tracer
uptake, they correctly classified 70 patients as hav-
ing either a benign or malignant lesion. Unfortu-
nately, this study appeared in abstract form only,
and the precise criteria adopted for the classification
of the tumours is not specified.

Most other workers have found the bone scan to
be less useful in the differential diagnosis of primary
bone tumours. Lesions which do not cause any
abnormality on the bone scan are unlikely to be
malignant, and enhanced blood pool activity and
markedly increased bone tracer uptake are more
common with a malignant lesion. However, there
is considerable overlap in the scintigraphic appear-
ances of benign and malignant tumours so that the
bone scan is generally considered to be unreliable
in distinguishing between them (Rosenthall and
Lispona 1980; Simon and Kirchner 1980). ¢’Ga
imaging may be more helpful in distinguishing
benign from malignant bone lesions in that lack of
%7Ga uptake usually indicates a benign lesion,
though some benign tumours will show ¢’Ga uptake
(Kirchner and Simon 1981).

Some similarities also exist in the scintigraphic
appearance of different malignant bone tumours.
This question has recently been addressed by Mur-
ray and McLean, studying three of the more com-
mon primary bone malignancies (Murray 1980;
McLean and Murray 1984). Over a 9-year period
they obtained bone scans from 22 patients with
osteogenic sarcoma, 16 with Ewing’s sarcoma and
14 with chondrosarcoma. Lesions were assessed for
intensity of uptake, tracer distribution within the
tumour (patchy or homogeneous), degree of distor-
tion of the bony outline, definition of the scinti-
graphic margin and, where this information was
available, vascularity of the lesion on blood pool
images. No unique scintigraphic pattern was found,
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Fig. 6.1. Three-phase bone scan from a 30-year-old woman with Ewing'’s sarcoma of the mid-shaft of the left femur. The dynamic
flow study obtained in the first 40 s after tracer injection (a), the blood pool equilibrium image 5 min after injection (b) and the
standard static images 3 h after injection (c) all show increased activity in the tumour. Hot markers indicate position of the knees

in the flow and blood pool images.

but each tumour type had a number of commonly
recurring features. Osteogenic sarcoma typically
showed markedly increased tracer uptake, patchy
tracer distribution within the lesion (with areas of
decreased activity being seen against a generally
increased uptake compared with normal bone),
marked distortion of the bony outline and a
moderately well-defined margin. In paraosteal
osteosarcoma tracer distribution was more uniform
within the lesion. In Ewing’s sarcoma, the usual
appearance was of markedly increased uptake,
homogeneous tracer distribution within the
tumour, a moderately distorted bony outline and a
poorly defined tumour margin. In patients with
chondroscarcoma the bone scan usually showed
moderately increased tracer uptake in the lesion,
with areas of increased activity being seen against
a background of decreased activity compared with

normal bone, only slight distortion of the bone
outline and a well-defined tumour margin.
Vascularity was increased in each tumour type
(Fig. 6.1), though blood pool images were available
in only 18 patients (4 osteogenic sarcoma, 6 Ewing’s
sarcoma and 8 chondrosarcoma). The findings of
this study are summarised in Table 6.1. The authors
concluded that the scintigraphic appearances could
be useful in helping to classify the tumour in those
patients in whom the radiographic and histological
appearances are atypical.

The use of dynamic (three-phase) bone scanning
to differentiate between osteomyelitis, Paget’s
disease and primary bone tumours has been evalu-
ated (Gandsman et al. 1983). In osteomyelitis blood
flow was increased both in the lesion and in bone
above and below the lesion. The increase was espe-
cially marked in the blood pool (second) phase. In

Table 6.1. A comparison of the characteristic bone scan appearance of osteosarcoma, Ewing’s sarcoma and

chondrosarcoma (adapted from McLean and Murray 1984)

Bone scan Osteogenic Ewing's Chondrosarcoma
appearance sarcoma sarcoma
Tracer uptake Markedly increased Markedly increased Moderately increased
Tracer distribution *“Cold areas on ‘“‘hot” Homogeneous “Hot’’' areas on a cold
within lesion background background
Distortion of bony Marked Moderate Mild
outline
Tumour margin Moderately defined Poorly defined Well defined
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bone tumours the flow increase was more localised
to the lesion and was especially significant in the
arterial (first) phase. In early Paget’s disease only
a mild, local increase in flow was seen, but in
advanced Paget’s disease the pattern observed was
very similar to that seen in primary bone tumours.

Osteogenic Sarcoma

Osteogenic sarcoma may occur at any age but most
commonly occurs in childhood or in early adult-
hood. It is probably the most frequently encountered
primary bone tumour. The tumour may arise at any
site in the skeleton, but about 90% occur in the long
bones of the limbs (Lichtenstein 1977). Osteogenic
sarcoma may show the presence of “skip” lesions
proximally in the affected bone, sometimes confined
to the medullary cavity. Treatment consists of
excision of the tumour whenever possible. In the
case of limb tumours this requires either amputation
or en bloc excision of the bone and prosthetic
reconstruction of the excised length of bone.
Excision of the tumour is now usually followed by
adjuvant chemotherapy. The 5-year survival rates
from osteogenic sarcoma were previously around
10%-20% (Cade 1955), but higher survival rates
are now achieved. It is possible, but by no means
established, that this is due to the introduction of
adjuvant chemotherapy (Frei et al. 1979).

The bone scan is markedly abnormal in osteo-
genic sarcoma. The primary tumour usually shows
intense tracer uptake and expansion of the bone
(Fig. 6.2). Areas of decreased tracer uptake may be
seen within the tumour, probably caused by
localised necrosis. As noted above, the tumour is
hypervascular.

Several studies have assessed the ability of the
isotope bone scan to demonstrate the extent of the
primary tumour and thus assist in deciding the level
of amputation. Goldmann et al. (1975) compared
bone scan appearances with pathological evidence
and standard radiography in 13 patients. In 12
cases the bone scan and radiographic findings cor-
related well with one another and with the tumour
extent found pathologically in the excised specimen.
In the remaining patient an area of increased uptake
proximally on the bone scan was normal on the
radiograph and did not show any evidence of
tumour cells histologically. More recently, Papani-
colaou et al. (1982), reporting on 20 consecutive
cases of osteogenic sarcoma, concluded that the
?90Tc-MDP bone scan allowed preoperative
determination of the extent of osteosarcoma of the
long bones with a high degree of accuracy. Other
groups have been less impressed on the value of the
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Fig. 6.2. Posterior bone scan from a 17-year-old boy with osteo-
genic sarcoma of the lower end of the right femur. The tumour
shows markedly increased tracer uptake with a localised area
of decreased uptake medially. The remainder of the right femur
shows increased activity compared with the left. This is due to
increased blood flow as there was no evidence of proximal
tumour spread.

bone scan in this context. Generally increased
uptake in the limb bearing the osteosarcoma is well
documented (Goldmann and Braunstein 1975) and
may lead to appearances similar to those seen in
proximal tumour spread (McKillop et al. 1981).
Falsely extended uptake in osteogenic sarcoma was
also reported by Chew and Hudson (1982), who
found that the scan accurately represented the
extent of the primary tumour in only 7 out of 18
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patients. In three patients in whom the scan abnor-
mality was more extensive than the radiographic
abnormality, skip metastases were present, but
these were not accurately represented by the bone
scan. In the remaining eight patients with more
extensive scan abnormality no occult tumour was
found beyond the margin of the radiographic abnor-
mality. The extended bone scan abnormality in
these patients was attributed to marrow
hyperaemia, medullary reactive bone or periosteal
new bone. Simon and Kirchner (1980) found that
$7Ga imaging accurately defined the extent of the
primary tumour in nine out of ten patients with
osteosarcoma.

The use of the bone scan to establish the extent
of the primary tumour in osteogenic sarcoma
remains an area of debate. Computed tomography
is probably the method of choice (McNeil 1984), but
the bone scan may have some value in alerting the
surgeon to the possibility of proximal spread and in
indicating the need for intraoperative biopsies to
exclude intramedullary extension (McKillop et al.
1981 ; Chew and Hudson 1982).

The major role of the bone scan in patients with
osteogenic sarcoma is in the detection of distant
bone metastases. Bone metastases from osteogenic
sarcoma characteristically produce areas of
increased tracer uptake on the bone scan, but cold
(photopaenic) lesions may also occur (Goris et al.
1980; Siddiqui and Ellis 1982). These lesions may
be due to compression of the nutrient artery by adja-
cent soft tissue disease and may occur even at sites
which have an osteoblastic appearance on the
radiograph. Individual lesions may progress from
increased uptake to decreased uptake (Goris et al.
1980). Bone metastases at the time of presentation
are rare. In two series totalling 107 patients, only
3 (3%) had distant bone metastases at the time of
presentation (Goldstein et al. 1980a; McKillop et al.
1981). Though the incidence of metastases is low,
their presence radically alters the treatment of the
patient, as amputation is no longer appropriate. A
bone scan at presentation is therefore indicated to
detect occult bony metastases (McNeil 1984).

The lungs are the most common site of metastases
in osteogenic sarcoma, and more than 90% of
patients with this disease die with pulmonary
metastases (Jeffree et al. 1975). Recurrent disease
in the past almost always first occurred in the lungs,
with bone metastases being a late complication
(Moore et al. 1973). For this reason, McNeil et al.
(1973) recommended that in patients being fol-
lowed up after primary therapy for osteosarcoma
bone scanning should be reserved for those who had
developed lung metastases or had symptoms of bone
metastases.

The Bone Scan in Primary Bone Tumours and Marrow Disorders

Three recent studies, however, have suggested
that a different pattern of metastatic disease may be
emerging. Goldstein et al. (1980a) reported on serial
bone scans in 56 patients with osteogenic sarcoma
receiving adjuvant chemotherapy. In this group of
patients 16% had distant bone metastases as their
first site of tumour recurrence. McKillop et al
(1981), in a similar study of serial routine bone
scans, found that bone was the first site of tumour
recurrence in 7/47 (15%) patients receiving
adjuvant chemotherapy. Similar results have also
been reported by Giuliano et al. (1984), who found
an increase in frequency of initial recurrence at sites
other than the lungs. It is unclear whether this
apparent change in the pattern of metastases from
osteosarcoma is due solely to the introduction of
adjuvant chemotherapy (Giuliano et al. 1984).

The apparent change in the pattern of metastatic
disease from osteosarcoma means that a case can
now be made for routine bone scanning in patients
who have wundergone primary therapy for
osteosarcoma. McNeil and Hanley (1980), using
actuarial techniques, concluded that approximately
1% per month of patients receiving adjuvant
chemotherapy for osteosarcoma developed bone
metastases in the period from 5 to 29 months after
presentation. Thereafter, the rate of development of
bone metastases declined. Routine bone scanning
every 6 or 12 months in these patients may yield
useful prognostic information, though it is dubious
whether this has any therapeutic implications for
the individual patient (McNeil 1984). In trials of
adjuvant chemotherapy serial bone scans should be
obtained to yield information on the pattern of
recurrent disease in patients in whom the treatment
fails. In patients not receiving adjuvant therapy
bone scans should only be obtained when bone
metastases are discovered or when there are
symptoms to indicate bone metastases.

The use of bone scanning for demonstrating local
bone recurrence has also been considered. McNeil
et al. (1973), using '*F scintigrams, studied patients
undergoing radiotherapy for osteosarcoma.
Decreased uptake in the region of the primary
tumour occurred within 3 or 4 months in the case
of successful treatment. Persistence of intense focal
uptake at the primary site beyond this time was
associated with local recurrence, though infection
and pathological fracture produced a similar
appearance. McKillop et al. (1981) reported that in
patients treated by amputation intense focal uptake
in the bone stump at 6 months or more post-
operatively was associated with local recurrence.

The accumulation of bone-scanning agents in
lung metastases from osteosarcoma has been
recognised for some time, the first description being



Primary Bone Tumours

by McNeil et al. (1973) using *F imaging. Sub-
sequent investigations have confirmed that lung
metastases may also take up °°™Tc-labelled phos-
phate agents (Ghaed et al. 1974). Other soft tissue
lesions such as lymph node, renal, hepatic and chest
wall metastases have been detected on the bone
scan (Teates et al. 1977; Heyman 1980; McKillop
et al. 1981). Only a minority of soft tissue
metastases, however, will show accumulation of
bone-scanning agents (Goldstein et al. 1980a;
McKillop et al. 1981).

Vanel et al. (1984) have compared X-ray com-
puted tomography (CT), standard radiography,
chest tomography, scintigraphy and bone single
photon emission computed tomography (SPECT) in
32 patients being screened for lung metastases from
osteosarcoma. Using CT as the reference technique,
the sensitivity of the techniques for detecting
patients with metastases was pulmonary tomogra-
phy 88Y%, standard radiography 57%, scintigraphy
21% and SPECT 419%. In identification of individual
metastatic lesions the figures were pulmonary
tomography 48%, standard radiography 32%, scin-
tigraphy 5% and SPECT 8%. They concluded that
chest radiography and CT should be used for screen-
ing for pulmonary metastases from osteosarcoma.

Bone scans from patients with osteosarcoma
should be carefully inspected for soft tissue uptake
as this may be the first indication of disease recur-
rence. The bone scan, however, cannot be relied
upon as a primary method of detecting extraosseous
metastases.

Paget’s Sarcoma

In a proportion of patients with Paget’s disease a
sarcoma may develop in an area of affected bone.
The frequency of this complication is unclear, but
it is uncommon and probably does not exceed 1%
(Hamdy 1981).

Active Paget’s disease produces increased uptake
of tracer on the bone scan and this has led to diffi-
culty in identifying the presence of a superimposed
osteosarcoma {McKillop et al. 1977). Yeh et al.
(1982) reported on the bone scan appearances in
12 patients with Paget’s sarcoma. The tumour
characteristically showed less uptake of **»Tc-MDP
than benign pagetic bone. The tumour concentra-
tion of ¢’Ga uptake was irregular. A temporary clini-
cal response to chemotherapy was associated with
decreased 57Ga uptake.

Smith et al. (1984) described a series of 85
patients with Paget’s sarcoma seen over a 50-year
period. A variety of imaging tests were performed
in these patients, including °**Tc-MDP bone scans
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in 17 and %’Ga scans in 16. Decreased *°=Tc-MDP
uptake at the tumour site was common. This
appearance occurred more often in lesions that were
lytic on radiographs but was also seen in some
sclerotic tumours. Sudden interruption of the dif-
fusely increased uptake of Paget’s disease by a cold
area occurred at the tumour site in 13 of the 17
patients and was most apparent in lesions in the
long bones. ¢’Ga imaging shows a slight increase
in tracer uptake in benign pagetic bone compared
with normal bone; however, in the presence of a
sarcoma there was a marked increase of ¢’Ga
uptake, especially in the region of a soft tissue mass,
the area where MDP was cold being replaced by
intense gallium uptake (Smith et al. 1984).

In patients with Paget’s disease the development
of a sarcoma can often be confirmed by standard
radiography, CT and biopsy. In equivocal cases the
combination of bone scanning and ¢’Ga scanning
may be a useful prelude to biopsy and may help in
identifying the most appropriate site for biopsy.

Ewing’s Sarcoma

Ewing’'s sarcoma is a malignant tumour of bone
which most often occurs in the age range 10-25
years. The cell of origin is uncertain but is thought
to be of mesenchymal derivation (Lichtenstein
1977). Recent management of the patients with
megavoltage therapy and adjuvant chemotherapy
has resulted in improved survival and disease-free
intervals.

The characteristic bone scan appearance of the
primary Ewing's sarcoma is of intense tracer uptake,
with homogenous distribution of tracer within the
tumour, moderate distortion of the bone outline and
poor definition of the tumour margin (McLean and
Murray 1984). The ability of the bone scan to define
the margin of the primary tumour has not been
studied to the same extent as in osteosarcoma,
because of the infrequency of amputation as a treat-
ment. Frankel et al. (1974) compared bone scin-
tigraphy, ¢’Ga imaging and bone radiography in 27
patients with Ewing’s sarcoma and concluded that
all were of equal usefulness in detecting the primary
tumour, though the ¢’Ga study sometimes sug-
gested a more extensive primary lesion than the
other two investigations. McNeil et al. (1973)
reported that high-dose radiation therapy to the pri-
mary tumour produced a marked diminution in
$7Ga uptake in the primary tumour within 34
months in uncomplicated cases.

The incidence of bone metastases at presentation
in Ewing's sarcoma is higher than is found for
osteosarcoma. Goldstein et al. (1980b) reviewed
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bone scans in 28 patients with osteosarcoma and
found bone metastases at presentation in 3 (11%).
Nair (1985) collated the results of bone scans at
presentation or within 6 months of presentation in
53 patients with Ewing’s sarcoma and found distant
bone metastases in 25 (47%). In 20 of these patients
the bone metastases were not suspected clinically.
Bone metastases at presentation were associated
with a poor prognosis (Nair 1985).

The occurrence of bone metastases as the first site
of tumour recurrence during follow-up of patients
with Ewing’s sarcoma was first reported by McNeil
et al. (1973). Goldstein et al. (1980b) found that
bone metastases occurred during follow-up in 10/
22 (45%) patients free of metastases at presentation ;
this was the first site of metastases in 6 patients
(27%). Nair (1985) also found the bone scan useful
in demonstrating the presence of bone metastases
during follow-up, either by showing lesions not
suspected on clinical or radiographic grounds or by
demonstrating much more extensive metastases
than were apparent on radiographs.

Unlike osteosarcoma, extraskeletal metastases
from Ewing’s sarcoma will not accumulate bone-
scanning agents (McNeil et al. 1973 ; Frankel et al.
1974). Soft tissue metastases, however, may be
detected by ¢’Ga imaging in some cases (Frankel et
al. 1974).

Because of the high incidence of occult bony
metastases at presentation a bone scan should be
part of the initial work-up of all patients with
Ewing’s sarcoma. The frequency with which bone
metastases are the first site of recurrence during
follow-up has led to the recommendation that
routine follow-up studies should be obtained at 1
and 2 years after presentation (McNeil 1984).

Chondrosarcoma

Chondrosarcoma is a malignant tumour arising
from cartilaginous tissue and may develop either
within the medullary cavity of the bone (central) or
within the cartilaginous cap of an osteochondroma
(peripheral). The central tumours may arise de novo
but are particularly common in patients with
skeletal enchondromatosis (Ollier’s disease).

The typical bone scan appearance of a chon-
drosarcoma is of moderately increased tracer
uptake, which shows a patchy appearance with
“hot” areas being seen against a cold background.
In tumours arising from long bones a prepond-
erance of cortical activity is common. Distortion of
the bone outline is usually slight and the scinti-
graphic margin of the tumours is well defined
(McLean and Murray 1984).
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The bone scan may prove useful in detecting pri-
mary lesions not seen on skeletal radiography. This
may be a particular problem in the spinal column,
a site which accounts for approximately 6% of the
primary lesions (Smith et al. 1982).

Benign enchondromas were reported to show
normal or slightly increased uptake on *F bone
scanning (Moon et al. 1968), but a more recent
report using °°Tc phosphate suggests that the
intensity and uniformity of uptake of bone-scanning
agents within cartilaginous tumours cannot be used
to determine whether they are benign or malignant
(Pearlman and Steiner 1978).

Osteoid Osteoma

Osteoid osteoma is a relatively common tumour,
accounting for approximately 10% of benign bone
neoplasia (Swee et al. 1979). The lesion may be seen
in young children but is most common in
adolescents and young adults, becoming distinctly
uncommon after the age of 30 (Lichtenstein 1977).
The most common sites are in the tibia or femur,
which together account for about 50% of cases, but
any bone may be involved. There is some debate as
to whether osteoblastoma represents a different
tumour or is a variant of osteoid osteoma (Dahlin
and Johnson 1954; Lichtenstein 1977).

The usual symptom from osteoid osteoma is pain,
which may be severe and often becomes worse at
night. Relief of the pain by aspirin is characteristic.
The typical radiographic appearance is of a small
oval or round focus that is usually radiolucent but
may be radiopaque. The central area is usually sur-
rounded by reactive sclerosis. The typical radio-
graphic appearance may not be seen in the spine;
the lesion often develops in the vertebral arch rather
than the body, and sclerotic reaction around a
central nidus may be absent (Smith and Gilday
1980).

The characteristic scan appearance is of a small
focus of intense tracer uptake (Fig. 6.3). A central
colder area may be seen (Helms et al. 1984). On
occasions the radiographic appearances do not
allow differentiation between an osteoid osteoma
and intracortical abscess or chronic sclerosing
osteomyelitis. Poor ¢’Ga uptake in osteoid osteoma
will usually distinguish it from osteomyelitis
(Lisbona and Rosenthall 1979).

The sensitivity of standard radiographs to detect
osteoid osteoma varies from 50% to over 90% (Swee
et al. 1979; Smith and Gilday 1980; Omjola et al.
1981). The bone scan has greater sensitivity and
is particularly useful in areas such as the small
bones of the foot or the spine where radiographic
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Fig. 6.3. (a) Bone scan of anterior pelvis and upper femora showing a focus of increased tracer uptake in the left femoral neck
caused by an osteoid osteoma. (b) The lesion is just visible as an area of sclerosis on the radiograph.

appearances may be normal. A normal bone scan
virtually excludes a diagnosis of osteoid osteoma.

In patients with clinical symptoms suggestive of
osteoid osteoma a radiograph of the appropriate
area should be obtained first. If this is normal an
isotope bone scan should then be performed.

Bone scintigraphy has also been used as an aid
in the operative localisation of osteoid osteoma as
the tumour may not be easily visible. The patient
is injected with a bone-scanning agent some hours
prior to surgery and a gamma camera (Rinsky et
al. 1980) or a probe (Ghelman et al. 1981) is used
in the operating theatre to show that all of the
intensely active bone has been removed, indicating
complete removal of the tumour. The procedure has
recently been described in some detail by O’'Brien et
al. (1984), who used a probe and a 5 mCi
(185MBq) dose of °*2Tc-MDP injected 2h
preoperatively. A punch biopsy of normal bone is
obtained and the activity counted. Repeated biopsies
are then obtained from the region of the osteoid
osteoma. Affected bone shows increased count
rates, which return to normal when the lesion has
been completely removed.

Osteoclastoma and Bone Cysts

Osteoclastoma (giant cell tumour) may arise any-
where in the skeleton, but the most common sites
are lower end of femur, upper end of tibia and lower
end of radius (Lichtenstein 1977). The tumour may
be multicentric at presentation, and distinction

between malignant and benign lesions is difficult on
clinical, radiological or histological grounds (Peimer
et al. 1980). Approximately 10% of the tumours are
malignant, but in some cases the malignant change
may be due to radiotherapy given for a previous
benign lesion (Dahlin 1978). Even in benign lesions
local recurrence is very common (McGrath 1972).

The scintigraphic appearances of giant cell
tumours were described by Peimer et al. (1980),
who studied 18 lesions occurring in 5 patients. The
characteristic scan appearance was either of intense
uptake in the whole tumour or a rim of increased
uptake around a cold centre. They also found that
the bone scan was useful in detecting local recur-
rence of the tumour after excision. This scan appear-
ance was confirmed by Levine et al. (1984) in a
series of 21 patients: 9 showed uniformly increased
tracer uptake within the tumour while 12 had sig-
nificantly less uptake in the centre of the tumour
compared with the periphery.

Goodgold et al. (1984) found that all of a series
of six patients with osteoclastoma showed the
tumour to have a cold centre and a rim of increased
activity on bone scintigraphy. They commented
that the scan appearances were very different from
those of a simple bone cyst, the most common lesion
to mimic osteoclastoma radiologically. Simple
(unicameral) bone cysts are often undetectable on
scan or show up as a photon-deficient area with a
thin rim of peripheral activity (Gooodgold et al.
1984). This description of simple bone cysts cor-
responds with that given by Moon et al. (1968), who
utilised **F imaging. More intense uptake may be
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seen in a bone cyst which has been the site of patho-
logical fracture. Goodgold et al. (1984) claim speci-
ficity for the scan appearance of osteoclastoma,
stating that in a series of 100 patients with suspec-
ted bone meoplasms only 1 lesion mimicked
osteoclastoma on bone scan. Both Levine et al.
(1984) and Goodgold et al. (1984) found
osteoclastoma to be hypervascular on early (blood
pool) images.

The relationship between the extent of the pri-
mary lesion in osteoclastoma and scan appearances
has been evaluated by several groups of workers.
Simon and Kirchner (1980) found bone scan uptake
to be extended beyond the true extent of the tumour
in 2/3 patients studied. Levine et al (1984) cor-
related histological tumour extent and bone scan
findings in 19 patients. In eight the scan accurately
represented the true extent of the primary tumour;
in one the tumour extent was underestimated on
bone scan because of avascular necrosis. In the
remaining ten the scan overestimated the tumour
extent, though the discrepancy was no greater than
4 cm in any case. Bone scintigraphy did not dem-
onstrate the extraosseous tumour extension found
at surgery in nine patients and identified
preoperatively in all nine by CT or angiography.
They concluded that bone scanning was less useful
than conventional tomography or computed
tomography in planning surgical margins.
Goodgold et al (1984) found extended scan uptake
beyond the margin of the primary tumour in 4/6
patients, but stated that this uptake could not be
easily confused with the tumour margin. They con-
cluded that CT, conventional tomography, plain
radiography and scintigraphy were of equal value
when planning surgery.

Simon and Kirchner (1980) found the ¢’Ga scan

to be abnormal at the site of the primary tumour
in 2/3 patients with osteoclastoma, and uptake did
not extend beyond the tumour margin. Levine et al,
(1984) obtained ¢’Ga images in seven patients with
osteoclastoma. The images were normal in three
cases, slightly abnormal in two and definitely abnor-
mal in two. They concluded that ¢’Ga was of very
limited value in this tumour.

Aneurysmal bone cysts are formed of comunicat-
ing pools of venous blood bordered by connective
tissue septa which show giant cell reaction. They
are regarded as a distinct entity, though similar
lesions may be seen in association with a variety
of benign and malignant osseous tumours (Lichten-
stein 1977). Early reports (Gilday and Ash 1976;
Makhija 1981) reported the bone scan to be abnor-
mal in this condition. Hudson (1984) found the
bone scan to be abnormal in all 25 cases he studied.
In 22 cases the bone scan appearances correlated
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with the true pathological extent of the lesion; in
3 the scan showed a false-positive pattern of exten-
ded uptake beyond the true tumour margin. In 16
of the patients the increase in tracer uptake was
more marked at the periphery of the lesion com-
pared with its centre. Hudson concluded that there
was no reason to recommend scintigraphy in a
patient already known to have an aneurysmal bone
cyst.

Miscellaneous Bone Lesions

Osteocartilaginous exostoses (osteochondroma) is
the commonest benign bone tumour (Lichtenstein
1977). The lesion may be solitary or multiple, in the
latter case often being hereditary. The scan appear-
ances vary from no local increase to moderately
increased tracer uptake (Sy 1981). The multiple
lesion variety may undergo sarcomatous degenera-
tion, but scintigraphy has no value in predicting this
(Goodgold et al. 1983).

Bone islands consist of foci of compact lamellar
bone within normal cancellous bone. Approx-
imately one-half of the lesions cause increased tra-
cer uptake on bone scan, the remainder producing
no abnormality (Hall et al. 1980). The radiographic
appearances of a bone island and an osteoblastic
metastasis may be similar. In this situation a normal
bone scan will exclude the malignant lesion (Go et
al. 1980).

An intraosseous ganglion is a benign cystic lesion
of bone which is subchondral in location and adja-
cent to but not communicating with the joint. The
lesion may cause pain, which may be interpreted
as being due to joint disease. The bone scan dem-
onstrates focally increased activity in the lesion
(Makhija and Lopano 1983) and saves the patient
from undergoing unnecessary joint investigations.

Chondroblastoma appears as a lytic lesion in the
epiphyseal ossification centre of long bones and may
invade adjacent bone. The bone scan appearances
vary from normal (Bell et al. 1974) to markedly
increased uptake (Humphrey et al. 1980).

Benign cortical irregularity of the distal femur
(BCIDF) is a condition which may mimic the radio-
graphic appearances of malignancy (Barnes and
Gwinn 1974). The bone scan is normal in BCIDF
(Conway et al. 1975; Velchik et al. 1984), thus dis-
tinguishing it from primary malignant lesions of
bone.

Increased uptake of bone-scanning agent has also
been described in cholesteatoma (Milstein and
Nusynowitz 1979), ameloblastoma (Olson and
McCombs 1977), periosteal leiomyoma (Conklin et
al. 1981), intracranial osteoma (Karl et al. 1983)
and osteoblastoma (Makhija and Stein 1983).
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Multiple Myeloma

Skeletal involvement is a major component of
multiple myeoloma and is characterised by the lack
of an osteoblastic reaction (Lichtenstein 1977).
Radiographic changes of osteolytic lesions, fractures
and demineralisation can help in making the
diagnosis.

A number of studies have compared bone scan
and radiographic findings in myeloma. The bone
scan is often abnormal in patients with myeloma,
but the number of lesions detected is usually many
fewer than found by bone radiographs (Wahner et
al. 1980; Woolfenden et al. 1980; Waxman et al.
1981). Large osteolytic lesions may be missed com-
pletely on the bone scan. The bone scan will identify
a number of lesions not visualised radiographically,
and this can be of value in the patient with either
bone pain or a tissue mass and no radiographic
abnormality (Wahner et al. 1980; Woolfenden et
al. 1980; Freeman et al. 1984). A “superscan”
appearance has been reported in association with
myeloma (Anscombe and Walkenden 1983) but
this is a very unusual occurrence. Hepatic uptake
of bone-scanning agents in myeloma has been
reported and has been attributed to the presence of
hepatic amyloid resulting from the myelomatosis
(Tur-Kaspa et al. 1981).

Waxman et al. (1981) performed both bone scan
and gallium imaging in patients with multiple
myeloma. In 5 of the 18 patients imaged lesions
were demonstrated which showed high gallium
uptake and normal or only slightly abnormal bone
tracer uptake. The disease had a fulminant course
in this subgroup of patients and all died within 3
months. The authors conclude that this combina-
tion of scintigraphic findings identifies a subgroup
of patients with rapidly progressive disease who may
benefit from alternative treatment modalities such
as radiation therapy. This interesting observation
requires further validation.

Overall the bone scan contributes little to the
assessment of the patient with myeloma and bone
radiographs should be the primary investigation
when looking for evidence of bone involvement. The
routine use of the bone scan in this group of patients
cannot be justified, either at presentation or during
the follow-up, and scintigraphy should be reserved
for the patient with bone pain but normal bone
radiographs.

69
Histiocytosis

“Histiocytosis” is a general term used to describe a
number of conditions such as eosinophilic
granuloma. Hand-Schiiller-Christian disease and
Letterer-Siwe disease in which the predominant
abnormality is proliferation of histiocytes. Skeletal
lesions are often prominent in this group of
conditions.

Bone scanning has been advocated for the detec-
tion of skeletal involvement by histiocytosis by some
investigators who concluded that the bone scan is
more sensitive than bone radiographs (Gilday and
Ash 1976; Schaub et al. 1982). Other series have
found the bone scan to be relatively insensitive;
Parker et al. (1980), for example, found that the
bone scan detected only 35% of the lesions visible
on radiographs and did not show any additional
lesions. Antonmattei et al. (1979) stressed the
importance of looking for photopaenic lesions.
Crone-Munzebrock and Brassow (1983) concluded
that the radiographic skeletal survey was superior
to bone scanning for the primary detection of bony
lesions, but the isotope technique was more reliable
for follow-up examination and for detection of
recurrences. At present the bone scan and skeletal
radiography should be regarded as complementary
techniques in the assessment of histiocytosis X.

Mastocytosis

Systemic mastocytosis produces mast cell hyper-
plasia with the clinical syndrome of urticaria pig-
mentosa. Abnormal new bone formation may occur
resulting in radiographic abnormalities. The bone
scan may demonstrate diffusely increased bone
activity with little or no kidney visualisation—the
“superscan’’ appearance (Ensslen et al. 1983). More
focal bone scan abnormalities have also been
reported, and the bone scan appears to be more sen-
sitive than either radiography or standard bio-
chemistry in determining the presence of bone
involvement (Rosenbaum et al. 1984).

Lymphomas and leukaemias

Ferrant et al. (1975) found abnormal bone scans
indicating skeletal involvement in 10 out of 38
patients with Hodgkin's disease. All but one of the
patients with an abnormal bone scan had Stage III
or Stage IV disease, and four also had abnormal
skeletal radiographs. Schechter et al. (1976) des-
cribed abnormal bone scans in eight patients with
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Hodgkin's disease, seven of them having Stage IV
disease. Eggenstein et al. (1978) obtained bone
scans. in 67 patients with Hodgkin's disease.
Unsuspected bony involvement was demonstrated
by the scan in five patients, but there were nine
false-positive results. Details of staging of the
patients was not presented. Overall, Eggenstein and
his colleagues concluded that bone scintigraphy
was more reliable than bone radiography for detec-
tion of bone involvement.

Martin and Ash (1977) have commented that the
bone scan is very sensitive in detecting skeletal
involvement by non-Hodkgin's lymphoma and may
show more extensive disease than the radiograph.
Schechter et al. (1976) found bone scan abnormali-
ties in 10 out of 16 patients with non-Hodgkin's
lymphoma. All but one of the patients imaged had
either Stage III or Stage IV disease. Eggenstein et al.
(1978) found bone scanning to be less useful than
radiographs in non-Hodgkin's lymphoma and
attributed this to the fact that the bone involvement
was often diffuse and predominantly osteolytic.

There appears to be no place for routine bone
scanning in early (Stage I or Stage II) lymphoma.
Even in more advanced disease its main use should
be in the investigation of patients with bone pain.

Focal abnormalities on the bone scan may be seen
in patients with leukaemia (Gilday et al. 1977);
Wong et al. 1983). In children with leukaemia the
appearances may mimic those seen in disseminated
neuroblastoma with diffusely increased uptake in
the metaphyses and loss of the accentuation of
uptake normally seen in the actively growing
epiphyses.
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7 * The Bone Scan in Metabolic Bone Disease

I. Fogelman

Introduction

Skeletal uptake of ?°mTc-labelled diphosphonate
depends primarily upon osteoblastic activity and, to
a lesser extent, skeletal vascularity (Fogelman
1980). A bone scan image therefore presents a func-
tional display of total skeletal metabolism and as
such has a potentially valuable role to play in the
assessment of patients with metabolic bone dis-
orders. However, the bone scan appearances in
metabolic bone disease are often non-specific, and
their recognition depends upon a subjective impres-
sion of increased tracer uptake throughout the
whole skeleton (Fogelman and Citrin 1981). This
may be particularly difficult to detect when dealing
with mild disease. It is the presence of focal lesions,
as in metastatic disease, that makes a bone scan
appear obviously abnormal. While focal lesions are
easily identified, slightly increased tracer uptake
throughout the whole skeleton may be virtually
impossible to detect by visual inspection alone. Thus
inevitably there will be difficulty in evaluating the
bone scans from many patients with metabolic bone
disease. However, in the more severe cases scan
appearances can be quite striking and virtually
diagnostic.

Why is the Bone Scan Abnormal?

Many of the metabolic bone diseases, with the
exception of osteoporosis, are characterised by high

bone turnover and are often associated with
elevated levels of serum parathyroid hormone
which causes increased bone resorption. As there
is direct coupling between bone resorption and for-
mation, an osteoblastic response follows osteoclastic
activity leading to new bone formation (Frost
1963). It is recognised that bone-seeking radio-
pharmaceuticals adsorb onto bone at sites of new
bone formation, with particular affinity for areas
where active mineralisation is occurring. A compre-
hensive review of bone-seeking radiopharmaceuti-
cal uptake mechanisms is given in Chapter 2. While
it has previously been suggested that tracer uptake
may be associated with immature collagen (Rosen-
thall and Kaye 1976), it has been shown that if
mineral and immature collagen are present together
there is marked preferential uptake of tracer by
mineral (Francis et al. 1981). Nevertheless, in situa-
tions where there is considerable excess of osteoid,
it is uncertain what contribution this may make to
total uptake of radiopharmaceutical.

Osteomalacia presents something of a paradox.
This condition results from vitamin D deficiency,
which produces a profound mineralisation defect. In
severe cases there is a massive excess of osteoid
present with markedly reduced mineralisation. Yet
in this situation there is extremely high affinity for
bone-seeking tracers—a fact which has been known
for many years; in the early 1960s it was shown
that patients with osteomalacia had increased
radiocalcium accretion rates (Heaney 1963). The
explanation presented was that although there is
excess osteoid with reduced mineralisation, there is
so much osteoid which is mineralising, albeit slowly,
that the total area of mineralisation in the skeleton
isin fact increased, even though the rate at any indi-
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vidual site is reduced (Nordin et al. 1976). This
explanation is not totally convincing, and the
reason why increased bone uptake of tracer should
occur in osteomalacia is not yet fully understood.
It may even be that in osteomalacia high tracer
uptake is to some extent artefactual, with increased
diffusion in an extremely large “osteoid pool”.

Nevertheless, the bulk of evidence to date does
suggest that bone uptake of tracer reflects skeletal
metabolism and that this is likely to be primarily due
to parathyroid hormone effect. Certainly, from clini-
cal experience, one has a strong impression that the
bone scan appearances in metabolic bone disease
reflect the degree of hyperparathyroidism that is
present.

The Bone Scan in Metabolic Bone Disease

Bone Scan Appearances

It is now recognised that in metabolic bone disease
certain patterns of bone scan abnormality are com-
monly seen. Fogelman et al. (1979) previously
described seven metabolic features that are
characteristic of metabolic bone disorders in
general :

1. Increased tracer uptake in axial skeleton

2. Increased tracer uptake in long bones

3. Increased tracer uptake in periarticular areas
4. Faint or absent kidney images

b

Fig. 7.1a,b. Bone scan anterior (a) and posterior (b) views from a patient with osteomalacia. There is high uptake of tracer throughout
skeleton with extremely good contrast between bone and soft tissue. Note, in particular, high uptake in calvaria and mandible
typical of hyperparathyroidism, “beading” of costochondral junctions, “tie sternum’’ and extremely faint renal images. In addition,
there are several focal abnormalities in ribs caused by pseudofractures.
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5. Prominent calvaria and mandible
6. Beading of the costochondral junctions
7. ‘“Tie sternum”

However, it must be emphasised that these features
are non-specific and, with the exception of absent
kidney images, can all be seen in normal subjects.
Indeed, these features are frequently seen in
adolescents, in whom the growing skeleton is
metabolically active.

The “classic”’ bone scan appearance in metabolic
bone disease is an image that strikes one immedi-
ately as being of such excellent quality that it is
almost too good to be true (Fig. 7.1). There is
extremely high contrast between bone and adjacent
soft tissue, and the individual metabolic features
described reflect increased tracer uptake at various
sites throughout the skeleton. The features listed
include increased tracer uptake in the axial skel-
eton, long bones and periarticular areas. In these
cases increased uptake is a matter of subjective
judgement. However, increased tracer uptake in the
calvaria and mandible may on occasion be particu-
larly prominent and produce striking images which
are clearly recognisable as abnormal. Indeed, in its
extreme form, increased uptake in calvaria and
mandible may be virtually pathognomonic of
hyperparathyroidism (Fig. 7.2). When there is
increased skeletal avidity for tracer, renal images
may appear faint or even be absent (Fig. 7.3) as a
result of less tracer being available for excretion,
with resulting heightened contrast between bone

Fig. 7.2. Extremely high uptake of tracer throughout calvaria
and mandible. This patient has renal osteodystrophy and severe
secondary hyperparathyroidism.
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and kidneys. The costochondral junctions may be
prominent (Fig. 7.4), and this appearance has been
referred to as “beading” or the “rosary bead”
appearance. In the sternum, characteristic appear-
ances may often be seen, with a general increase

Fig. 7.3. High uptake of tracer throughout spine with kidneys
not visualised.

Fig. 7.4. “Beading” of costochondral junctions.
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of tracer uptake by the manubrium and, in particu-
lar, the lateral borders of the body (Fig. 7.5).
Because of its anatomical position and its often strik-
ing appearance, with flared lower portion and nar-
rowing of the junction between manubrium and
body, the descriptive term ‘“‘tie sternum’ has been
applied (Fogelman et al. 1978a). A variation on this
theme has been described by Sy and Smith (1981)
in which, instead of uniformly increased uptake of
tracer by sternum, horizontal stripes are present—
“striped-tie” sign (Fig. 7.5b).

Fig. 7.5. a Increased uptake of tracer in sternum—‘tie” sign;
b striped “tie”’ sign. Note also the costochondral “‘beading’’.

The Bone Scan in Metabolic Bone Disease

Fig. 7.6. “Hot" patella sign. Note also patchy increased tracer
uptake along cortical borders of the femora, appearances charac-
teristic of hypertrophic pulmonary osteoarthropathy.

There has been some controversy as to whether
or not the “hot” patella sign is indicative of meta-
bolic bone disease. A hot patella on the bone scan
is defined as uptake of tracer in the patella greater
than that by the distal femur or proximal tibia of
the ipsilateral leg (Kipper et al. 1982; Fig. 7.6). Sy
and Smith (1981) originally suggested that the
“hot” patella sign was indicative of metabolic bone
disease and that its presence could help to differen-
tiate this from metastatic involvement. However,
Kipper et al. (1982) found that this feature occurred
most often in association with degenerative disease
and was in fact seen in patients with metastatic
disease. Our own experience is quite different; we
often observe this feature but cannot attribute it to
any specific factor or group of diseases (Fogelman
et al. 1983). While it is seen in association with
metabolic bone disease, it can be found in a wide
variety of other conditions, including degenerative
and metastatic disease. In a report of bone scan
appearances in hypertrophic pulmonary osteoarth-
ropathy (Fig. 7.6), involvement of the patella was
noted in 50% of cases (Ali et al. 1980). When strik-
ingly increased tracer uptake is seen in both patel-
lae, this may well be a pathological feature, but it
has no differential diagnostic value. My own view
is that the patellae should be ignored in the context
of metabolic bone disease.
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Another relevant aspect, provoking some contro-
versy, is the question of the effect of age on bone
scan appearances. There is no doubt that in the
growing skeleton there is high affinity for tracer, and
it should be remembered that many chronic diseases
may delay maturation of the skeleton ; thus the find-
ing of increased uptake may persist into the early
20s. It is widely believed that the quality of bone
scan images deteriorates with advancing age (Wil-
son 1981). While this may be true of extreme old
age, for practical purposes it is not relevant in the
age group 20-60 years, and perhaps even some-
what older. However, other factors which may be
found with advancing age such as obesity and car-
diac failure may have a detrimental affect on bone
scan quality.

Essentially, the recognition of metabolic bone
disease on a bone scan depends upon the detection
of increased tracer uptake throughout the skeleton.
While this remains subjective, I believe that the con-
cept of metabolic features is a useful one as it
heightens awareness as to the possibility of meta-
bolic bone disease being present. A further refine-
ment is to obtain a semi-quantitative score
(metabolic index) from the bone scan image (Fogel-
man etal. 1979); however, skeletal uptake of tracer
can be quantitated much more accurately by
measurement of 24-h whole-body retention of
99mTc-diphosphonate, which has been shown to pro-
vide a sensitive means of identifying patients with
increased bone turnover (Fogelman et al. 1978b).
All aspects of bone scan quantitation and skeletal
retention of **mTc diphosphonate are discussed in
Chapter 16.

Renal Osteodystrophy

In patients with severe renal osteodystrophy one
may see the most striking bone scan appearances
found in the various metabolic bone disorders.
There is markedly increased tracer uptake through-
out the axial and peripheral skeleton and, in keeping
with this, the kidneys appear faint and are fre-
quently not visualised. There is extremely high con-
trast between bone and soft tissues, and the overall
effect is to produce a so-called superscan image (Sy
and Mittal 1975; Lien et al. 1976; Olgaard et al.
1976). The skull appearances may be virtually
pathognomonic of severe hyperparathyroidism,
with marked increased uptake throughout the
calvaria and mandible. Beading of the costochon-
dral junctions and a ‘“‘tie sternum” are also com-
monly seen. It is probable that most of the scan
findings are due to increased bone turnover result-
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ing from secondary hyperparathyroidism, but
coexistent osteomalacia may contribute in some
cases. The bladder may not be visualised because
of failure to excrete tracer. Absence of the bladder
helps to differentiate the bone scan in renal
osteodystrophy from that in other metabolic
disorders.

Alberts et al. (1981) evaluated eight patients with
symptomatic renal osteodystrophy and found the
bone scan and derived metabolic index to be of value
in assessing the extent of skeletal disease. Seven of
the eight patients had abnormal bone scans, and in
addition the scans were of value in the identification
of fractures and pseudofractures when present. De
Graaf et al. (1984) quantitated skeletal uptake of
tracer on the basis of computer analysis of bone scan
images in 30 patients with histological evidence of
renal osteodystrophy. Bone scan images were
obtained 5h after injection and following
haemodialysis in an attempt to reduce soft tissue
activity. However, it was found that soft tissue
activity could not be normalised in patients with
minimal bone disease, and images were generally
of poor quality. However, in all cases total skeletal
quantitation from bone scan images differentiated
patients from normal controls, and it was suggested
that the technique provided a reliable method for
identifying metabolic bone disease. The results of
quantitation were correlated with several histologi-
cal parameters, but no significant correlation was
found with either osteoid volume or osteoid surface.
The authors suggested that this provides further
evidence that hyperparathyroidism and not the
amount of osteoid is the more important factor with
regard to tracer uptake on bone.

While there are relatively few reports of direct
comparisons between radiography and bone scan-
ning in metabolic bone disease, renal osteodystro-
phy has been extensively studied. Sy and Mittal
(1975) evaluated 14 chronic dialysis patients and
found the bone scan to be abnormal in 93% of
patients, while radiography showed changes in only
29%. Olgaard et al. (1976) studied 30 patients on
haemodialysis and classified their bone scans into
four groups, according to the degree of increased
tracer uptake in the lower limbs. On this basis, they
found that 90% of the scans but only 33% of the
radiographs were abnormal. The same group later
reported their experience of 51 non-dialysed
patients with advanced renal failure and found that
the bone scans were suggestive of renal osteodystro-
phy in 66% of cases, while changes were detected
by radiography in 25% of cases (Olgaard et al.
1979). Cavalli et al. (1976) studied 43 patients with
chronic renal disease (34 on dialysis) and found that
the bone scan indicated that 88% had skeletal
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disease, while radiographs were abnormal in 50%.
DeGraaf et al. (1978) studied 30 dialysis patients
and found the bone scan was abnormal in 83%,
while radiographs showed skeletal disease in 46%.
Therefore, it seems clear that in chronic renal failure
the bone scan is more sensitive than radiography
for detecting skeletal disease.

Osteosclerosis may occasionally be seen on radio-
graphs of the spine in patients with renal
osteodystrophy ; the bone scan equivalent is linear
areas of increased tracer uptake corresponding to
the cortical borders of vertebrae, against a back-
ground of generalised high uptake in the spine
(Fogelman and Citrin 1981). Sites of ectopic calcifi-
cation may be recognised, and the bone scan is more
sensitive than routine radiography in identifying
pulmonary calcification (Devacaanthanetal. 1976;
De Graaf et al. 1979). The bone scan is also of value
in the assessment of renal transplant patients com-
plaining of bone pain. These patients may develop
avascular necrosis, which is usually related to corti-
costeroid therapy. Weight-bearing areas such as the
femoral head, femoral condyle, or talus are most
often affected and involved sites are seen on the scan
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as focal areas of increased tracer uptake (Dumler et
al. 1977). The other important differential diagnosis
of bone pain in this immunosuppressed group is
osteomyelitis, which also appears strongly positive
on the bone scan (Fogelman and Boyle 1980). The
possibility of aluminium-induced bone disease
should always be considered. However, as will be
discussed later, the scan appearances in this condi-
tion are quite different and generally of extremely
poor quality.

Primary Hyperparathyroidism

Primary hyperparathyroidism is a common disorder
which is now being diagnosed with increasing fre-
quency and at an earlier stage because of the avail-
ability of routine calcium estimations and
parathyroid hormone assay. The degree of bone
scan abnormality generally reflects the amount of
skeletal involvement, and there is thus a wide range
of scan appearances from normal to, occasionally,
those mimicking severe renal osteodystrophy (Sy
1974; Weigmann et al. 1977). However, it should

Fig. 7.7. a Radiograph of right tibia shows several Brown tumours. b These sites show
increased uptake on scan, and lesions are also apparent in left tibia. Note also “hot”

patellae.
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Fig. 7.8. a Anterior view of chest from patient presenting with acute renal failure and severe hypercalcaemia. Note tracer uptake
in stomach and lungs caused by ectopic calcification. b Repeat study 1 month later following rehydration and initial dialysis shows
return to normal. This patient had milk-alkali syndrome, but similar findings are seen on occasion with primary hyperparathyroidism.

be emphasised that the bone scan usually appears
normal and thus has no clear diagnostic role to play
in the routine evaluation of patients with suspected
primary hyperparathyroidism. Radiographic skel-
etal surveys are also normal in most cases, but
specific changes such as subperiosteal erosions can
occasionally be seen. The bone scan is the more sen-
sitive of the two investigations (Fogelman and Carr
1980), and if scan appearances are not suggestive
of metabolic bone disease then radiographs will
invariably be normal. Despite apparently normal
diphosphonate uptake on the bone scan by visual
assessment, quantitative measurements (e.g. 24-h
whole-body retention of diphosphonate) are fre-
quently elevated (Fogelman et al. 1980a) as a result
of mild diffuse increase in skeletal metabolism.

The presence of focal abnormalities on the bone
scan in primary hyperparathyroidism are uncom-
mon but may be seen when Brown tumours are
present (Evens et al. 1969; Fogelman and Citrin
1981; Fig. 7.7), with chondrocalcinosis (Sy et al.
1977), or following vertebral collapse. In addition,
in rare instances when a patient presents with
aggressive, rapidly advancing primary hyper-
parathyroidism, multiple sites of ectopic cal-
cification may be seen on the bone scan (Fig. 7.8).

Osteomalacia

The bone scan appearances in osteomalacia are usu-
ally abnormal and will often suggest the presence
of metabolic bone disease (Fogelman et al. 1978a).
The scan findings, however, are non-specific and all
the metabolic features listed on p. 74 may be seen.
Focal abnormalities cannot be considered to be
metabolic features, but their presence, when the
scan appears characteristic of metabolic bone
disease, is suggestive of pseudofractures (Fig. 7.9).
The bone scan provides a sensitive means of identify-
ing pseudofractures, particularly in the ribs, and
may detect lesions which are not visualised with
conventional radiology (Fogelman et al. 1977a;
Singh et al. 1977). However, lesions in the pelvis
can on occasion be missed on the bone scan because
of their symmetrical nature, or if they are obscured
by bladder activity (Fogelman et al. 1978a). Pseudo-
fractures are most often seen in the ribs, and in our
experience 90% of patients who have such lesions
will have rib involvement. Thus it is uncommon to
see pseudofractures in isololation at other sites such
as femoral neck or pelvis.

Fogelman et al. (1978a) evaluated 60 bone scans
for the presence of metabolic features from 10
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Fig. 7.9a,b. There are multiple focal lesions present in ribs, scapula (a), pelvis and femur (b) caused by pseudofractures. Note also
high uptake of tracer throughout skeleton and the fact that renal images are not visualised.

patients with osteomalacia, 20 with metastatic
disease and 30 normal subjects. In this study, nine
of the ten patients with osteomalacia were correctly
identified by two independent observers. Wilkins et
al. (1983) used the bone scan to evaluate 17 elderly
subjects with equivocal biochemical evidence of
osteomalacia. Once again the scans were evaluated
for the presence of metabolic features and it was
considered that 10 of the 17 studies were abnormal.
Histological studies were made of bone in all sub-
jects, and the presence of excess osteoid was found
in the ten patients whose scans were suggestive of
metabolic bone disease. In addition, two other
patients were found to have abnormal bone
histology. It was considered that the bone scan pro-
vided the most practical, non-invasive means of
detecting osteomalacia in the elderly.

Recently, the entity of aluminium-induced
osteomalacia has been recognised in uraemic
patients on haemodialysis (Parkinson et al. 1981).
This disorder is characterised by bone pain, fractures,
osteomalacia with little elevation of either serum
alkaline phosphatase or parathyroid hormone
levels, raised serum calcium values and general
resistance to vitamin D treatment. Osteomalacia
occurs because aluminium is deposited at the calcifi-
cation front and blocks mineralisation. Thus, alu-
minium essentially acts as a bone *‘poison”’, which
is quite different from the vitamin D deficiency state
normally found in osteomalacia. Vanherweghem et
al. (1984) have assessed the value of bone scan
imaging in aluminium bone disease in a group of

33 dialysis patients. They presented scan images
from patients with this disorder showing very poor
quality images with high background activity
(Fig. 7.10a) resulting from the relative failure of tra-
cer to be taken up by bone. The quality of the scan
images was dramatically improved following treat-
ment with desferrioxamine (Fig. 7.10b). In this
study patients were dialysed between injection and
imaging, and scans were later given a semi-
quantitative score based on metabolic features.
Patients were divided into group A—those who
developed hypercalcaemia while on vitamin D
therapy (10 patients)—and group B—those who
tolerated the treatment well (23 patients). Group A
(aluminium bone disease) had lower values for bone
scan quantitation, and it was suggested that the
metabolic index could be of value in detecting
uraemic patients at risk of vitamin D intoxication.
Furthermore, 24 patients were studied before and
after desferrioxamine administration, and it was
observed that the 7 with lower values for scan
quantitation had larger increases in serum alumin-
ium following treatment than the 17 with an
initially higher score. In 11 patients calcium accre-
tion rates were calculated on the basis of radio-
calcium retention and serum-specific activity for 10
days after an intravenous injection of 50 uCi (1850
kBq) of 47Ca chloride. Those subjects with low values
for scan quantitation had significantly lower values
for calcium accretion (1.7 cf. 10.6 mg/day/cm,
P<0.001).
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Fig. 7.10. a Posterior view of thoracic spine from a patient with aluminium bone disease. There is a “block” to mineralisation,
tracer is not taken up at bone surfaces and there is high background activity. b Following desferrioxamine treatment there is dramatic

improvement in scan appearances. (Vanherweghem et al. 1984)

Osteoporosis

The bone scan has not been found to have an
important role to play in the diagnosis of
osteoporosis (Fogelman and Carr 1980). This is a
disorder where gradual change in bone mass may
occur over many years, and, in keeping with the
relatively minor imbalance in skeletal metabolism
which is often present, the bone scan appearances
are usually normal. However, the scan images may
on occasion appear poor in quality because of rela-
tively low bone uptake of tracer with a “washed-
out” pattern of activity in the axial and appendicu-
lar bones. It has been suggested that this occurs in
severe or ‘‘end-stage”’ osteoporosis caused by
markedly reduced or even absent osteoblastic
activity (Levine etal. 1977). Sy (1981) has observed
these features in 72% of his patients with
osteoporosis. We do not see this scan pattern as
often, although poor definition of individual
vertebrae is frequently noted (Fig. 7.11). When
kyphoscoliosis is observed on the bone scan, or if
there appears to be loss of spinal height with proxim-
ity of ribs to each other, or increased closeness of
rib cage to pelvis, such appearances suggest
vertebral collapse (Sy 1981) and would be in keep-

ing with a diagnosis of osteoporosis. However, such
evidence is indirect, and in practice the bone scan
provides a less reliable means of diagnosing
osteoporosis than radiography (Fogelman and Carr
1980).

Osteoporotic bones are abnormally brittle and
fractures may occur. These are easily recognisable
on the bone scan and are seen as focal areas of
increased tracer uptake (Matin 1979). If vertebral
collapse is present, scan appearances are character-
istic with intense linear increase in tracer uptake
(Fig. 7.11) corresponding to the site or sites of frac-
ture. This intense uptake usually fades over a period
of 1-2 years following collapse (Fig. 7.11), and thus
the scan is of value in assessing the age of the
vertebral collapse (Fogelman and Carr 1980). Even
when scan appearances are quite typical of benign
vertebral collapse, tumour cannot definitely be
excluded and radiographs should be obtained. In the
situation of a patient known to have osteoporosis
and vertebral collapse who presents with back pain,
the scan may be helpful in evaluating sympto-
matology. A normal scan would exclude recent frac-
ture, and other causes for back pain should then be
considered.

Schulz et al. (1984) have recently described the
use of bone scanning to evaluate the skeletal
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Fig. 7.11.a,b Intense linear increased tracer uptake seen in dorsal vertebra 8 (a) corresponding to vertebral collapse present on
radiograph (b). ¢ Repeat scan 8 months later shows considerable resolution.

response to sodium fluoride, a drug which stimu-
lates osteoblastic activity. Studies were obtained in
12 women with osteoporosis before and after 6
months’ treatment. All the pre-treatment bone
scans were abnormal, but many of these findings
may have represented degenerative change.
Patients received a relatively large amount of
fluoride (80 mg) together with 1500 mg calcium
per day. In all cases images following treatment
showed new areas of increased tracer uptake, pri-
marily at sites in the peripheral skeleton where
trabecular bone was present, such as metaphyses
of long bones. Previous studies of bone mass with

single photon absorptiometry suggested that
sodium fluoride had no effect on the appendicular
skeleton (Briancon and Meunier 1981) and thus the
recent findings are rather unexpected. However, it
is well known that approximately 40%—50% of
patients receiving sodium fluoride will develop
“rheumatic”’ pains which have been attributed to
new or activated degenerative joint disease (Riggs
et al. 1982). Schulz has suggested that the pain may
in most instances be due to metaphyseal periostitis.
O'Dufly et al. (1986) studied 11 osteoporotic women
who had developed lower extremity pain while tak-
ing sodium fluoride (60-90 mg/day). Bone scans
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from these patients revealed an increased number
of focal lesions when compared with asymptomatic
osteoporotic women receiving sodium fluoride or
those treated with oral calcium. Furthermore, serial
radiographs demonstrated stress microfractures in
5 of the 11 symptomatic subjects, and lesions were
present on the bone scan at these sites. However,
many other lesions were present on the scans, and
it is clear that microfractures are not the sole cause
of painful bones. It was postulated that pain usually
results from intense regional bone remodelling
which may be complicated by stress microfracture.
While the conclusions drawn as to the cause of pain
associated with sodium fluoride therapy are some-
what different in the above studies, it is nevertheless
apparent that the bone scan provides a sensitive
means of monitoring the peripheral skeletal res-
ponse to this drug.

While the bone scan has an extremely limited role
to play in the diagnosis of osteoporosis, it may never-
theless occasionally provide valuable information in
osteoporotic subjects. When patients present with
severe back pain and vertebral collapse, it may not
always be apparent that osteoporosis is the
diagnosis and one may be concerned as to the possi-
bility of coexistent disease, such as metastases or
infection. In this situation the bone scan provides
the most sensitive means of evaluating the skeleton.

Reflex Sympathetic Dystrophy Syndrome and
Migratory Osteolysis

In the reflex sympathetic dystrophy syndrome
(RSDS) rapid loss of bone may occur in a limb caus-
ing severe demineralisation. The aetiology of RSDS
is not known, although trauma appears to be a con-
tributing factor in many cases. The syndrome has
certain similarities to disuse osteoporosis but is
generally more severe, may occur in the presence
of only moderate motor dysfunction and is not
reversed by exercise. The bone scan has been found
to provide a sensitive means of identifying RSDS,
and this is discussed further in Chapter 11 (see
p. 145).

Miscellaneous Conditions

There are many other conditions that can be con-
sidered under the heading of metabolic bone disease.
Some of these are extremely uncommon, while
others are of little clinical relevance. In the majority
of cases there is only limited experience with bone
scanning. For the purpose of describing the bone
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scan appearances, these conditions can be divided
into two broad groups: (1) those that cause a
generalised alteration in skeletal metabolism, and
(2) those that affect the skeleton in a more focal way.

Generalised Skeletal Involvement

Whenever there is generalised increase in bone
turnover, there will be increased tracer uptake
throughout the whole skeleton and the bone scan
appearances may be indistinguishable from those
found in conditions such as osteomalacia or renal
osteodystrophy. Clearly, the degree of scan abnor-
mality will depend upon the extent of skeletal
involvement.

The most common and important condition in
this section is thyrotoxicosis. The severity of associ-
ated skeletal disease is generally less than with pri-
mary hyperparathyroidism, probably because
thyroxine is a less potent stimulator of bone resorp-
tion than parathyroid hormone and also because
thyrotoxicosis is likely to be detected earlier because
of its well-recognised clinical presentation. Surpris-
ingly, there is relatively little information available
regarding the bone scan appearance in this common
condition. However, Kukar and Sy (1981) have
reported that when skeletal involvement is present,
the axial and appendicular bones may show sym-
metrically increased tracer uptake, and all the pre-
viously described metabolic features may be present.

We have previously reported the bone scan find-
ings in acromegaly (Fogelman et al. 1980b), where
generalised increased tracer uptake throughout the
skeleton with metabolic features may be found asso-
ciated with active disease (Fig. 7.12). In this condi-
tion, prognathism could often be detected on the
scan, which helped to differentiate acromegaly from
other diseases. In addition, the bone scan appeared
to be a valuable means of identifying the degenera-
tive changes that commonly occur.

Other conditions that have been reported to show
the bone scan appearance of diffusely increased tra-
cer uptake with metabolic features include
hypervitaminosis D (Fogelman et al. 1977b) and
mastocytosis (Sy et al. 1976). More recently,
Rosenbaum et al. (1984) reported that various bone
scan patterns could be found in systemic masto-
cytosis and they classified these into normal, unifo-
cal, multifocal and diffuse. Patients with diffuse
disease had the highest plasma and urinary
histamine levels, and it was suggested that the bone
scan might be of value in assessing the overall
severity of disease.
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Fig. 7.12. a Costochondral beading seen in acromegalic patient. b Following removal of pituitary tumour, however, this is no longer
apparent, suggesting reduction in skeletal metabolism, in keeping with good clinical and biochemical response.

We have experience of bone scanning in one
patient with adult hypophosphatasia—a rare cause
of osteomalacia which is associated with extremely
low serum alkaline phosphatase activity—and
skeletal uptake of tracer appeared normal. However,
focal abnormalities were seen in both femora at the
site of pseudofractures.

In osteopetrosis there is generalised osteo-
sclerosis, and the basic defect is thought to be
osteoclastic dysfunction. Park and Lambertus
(1977) have reported bone scan findings in two
adult cases and they did not find any increase of tra-
cer uptake in the axial skeleton. However, there was
dense increased tracer uptake in the metaphyseal

Fig. 7.13. (a) Bone island is seen on radiograph of right femoral neck. b No abnormality is present on scan, however, indicating

that lesion is not metabolically active.
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Fig. 7.14a,b. Bone scan view of right posterior thorax and arm
(a) shows increased tracer accumulation lying within the
brachialis muscle corresponding to soft tissue calcification
seen on radiograph (b). Scan appearances represent
continuing active bone turnover associated with myositis

ossificans.

regions of most of the long bones and the tubular
bones of the hand, with more generalised diffuse
uptake in the cranial and facial bones. It was con-
sidered that the scan was particularly helpful in
identifying complications associated with osteo-
petrosis, such as fracture or osteomyelitis.

It has been suggested that there is a generalised
reduction in tracer uptake by the skeleton in both
hypothyroidism and Cushing's syndrome (Kukar
and Sy 1981).

Focal Skeletal Involvement

Many conditions may cause a local alteration in
skeletal metabolism and therefore will be seen as
focal abnormalities on the bone scan. It is possible
to mention only some of these disorders in the
present review, and it should be kept in mind that

occasionally sclerotic lesions that are no longer
metabolically active may be seen on the radiograph
but not on the bone scan. Bone islands, for example,
are often not seen on a bone scan (Fig. 7.13; Hall
et al. 1980).

Engelmann’s disease (progressive diaphyseal dys-
plasia) and fibrous dysplasia are both disorders that
may produce striking focal abnormalities on the
bone scan with intense increased uptake of tracer.
Essentially, the scan appearances are similar to
those found in Paget’s disease, and there may be dif-
ficulty in differentiating these conditions on the
basis of the scan findings alone. Osteopoikilosis,
osteopathia striata, and melorheostosis are unusual
benign sclerotic dysplasias, each with striking
characteristic radiographic appearances. Whyte et
al. (1978) have reported, however, that the bone
scan appearances are normal in osteopoikilosis and
osteopathia striata, suggesting that these disorders
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may not be metabolically active. However, in
melorheostosis, increased tracer accumulation was
seen in each radiographically abnormal area.
Focally increased tracer uptake corresponding to the
radiographic abnormalities has been reported in
tumoral calcinosis (Leicht et al. 1979) and myositis
ossificans (Fig. 7.14; Suzuki et al. 1974). It has also
been suggested that the bone scan may be of value
in estimating calcium turnover in calcifying masses
(Leicht et al. 1979). More recently, it has been pro-
posed that the bone scan may be useful in assessing
the maturity of ectopic ossification (Tyler et al.
1984); this has clinical relevance, as premature
surgical removal may be associated with recurrence
of disease. Bone scan alterations have also been des-
cribed in scurvy, where focally increased tracer
uptake was seen in a femur corresponding to the
site of a resolving subperiosteal haematoma (Front
etal. 1978).
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I. Fogelman

Introduction

Paget’s disease of bone is a common disorder in the
elderly in which excessive production of structurally
abnormal bone occurs. It has a reported incidence
of around 4% (Hamdy 1981), and is often observed
as an incidental finding on radiographic skeletal
surveys or bone scans.

The aetiology of Paget's disease remains un-
known. In recent years, however, the presence of
inclusion bodies in the nuclei of osteoclasts has been
noted, and this has led to the proposal that Paget's
disease may be viral in origin (Mills and Singer
1976; Rebel et al. 1981). Nevertheless, some
controversy exists with regard to this finding
(Hamdy 1981). There is an increased incidence of
Paget’s disease in families (Galbraith 1954; Singer
et al. 1978), and it has been recognised for some
time that there are marked geographical differences
in prevalence. While Paget’s disease is common in
the UK, the USA, Europe, Australia and New Zea-
land, it is rare in Scandinavia, Africa and the Middle
and Far East (Hamdy 1981). Even within the UK
there are considerable regional variations in its
incidence (Barker et al. 1977). These observations
would seem to favour the view that environmental
and hereditary factors are relevant in its develop-
ment. There may also be a degenerative component
in view of the increasing incidence with age (Pygott
1957).

Paget’s disease is usually polyostotic, but may be
monostotic; it is characterised in its initial phase by
excess resorption of bone, which is followed by an

intense osteoblastic response, with deposition of col-
lagen in a mosaic pattern (woven bone) rather than
the lamellar arrangement seen in normal bone
(Alexandre et al. 1981). Thus skeletal architecture
becomes disorganised, and coexisting areas of rari-
faction and sclerosis may be seen on radiographs.
There appears to be an imbalance of bone remodel-
ling in favour of formation, and overall the size of
affected bones tends to increase. Cortical thickening
and bony expansion are important features when
considering the differential diagnosis of sclerotic
lesions seen on radiographs. Pagetic bone is
extremely vascular (Wootton et al. 1978), and it has
been suggested that this contributes to the bone pain
which can be so problematic in this condition
(Hamdy 1981).

The clinical features of Paget’s disease are well
known and pain is the commonest presenting com-
plaint. However, coexistent arthritis in weight-
bearing areas is frequently present and should
always be considered as a possible explanation for
pain, particularly when there is poor response to
specific therapy for Paget’s disease. Less often, pain
may be due to fracture and rarely is due to nerve
entrapment syndromes or sarcomatous change.
Considerable bone enlargement may occur in
Paget’s disease, with quite striking deformity. How-
ever, this is relatively uncommon. Since many
patients with Paget’s disease are asymptomatic, it
is clear that not all will require treatment. Neverthe-
less, in appropriate cases there can be dramatic relief
of bone pain with therapy and currently there are
three effective drugs available: mithramycin (Ryan
1977), calcitonin (Avramides 1977) and diphos-
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phonate (Russell et al. 1974). In practice only the
latter two are commonly used. Calcitonin is given
by injection and may cause troublesome nausea,
vomiting and flushing episodes. There is thus an
increasing tendency to treat Paget’s disease with
diphosphonate as it is taken orally and is well
tolerated by most patients. However, diphosphonate
can cause a significant mineralisation defect in bone
and may on occasion be associated with fracture
(Boyce et al. 1984). It should therefore be used with
caution in patients who have extensive lytic disease,
particularly in a weight-bearing bone.

Bone Scan Appearances

Sites of bone which are involved with Paget’s disease
show both a striking increase in skeletal metabolism
and an increase in blood flow, and there is thus high
avidity for bone-seeking radiopharmaceuticals. The
amount of tracer uptake in bone appears to be
directly related to the degree of activity of the disease
process (Shirazi et al. 1974). The bone scan appear-
ances in Paget’s disease are often characteristic
(Serafini 1976), with the predominant feature being
markedly increased uptake of tracer, which is usu-
ally distributed evenly throughout most or all of the
affected bone (Figs. 8.1-8.4). A common exception
to this general rule is seen in osteoporosis circum-
scripta (lytic disease involving the skull), where
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tracer uptake is most intense at the margins of
the lesion (Fig. 8.5; Rausch et al. 1977). Paget’s
disease, unlike most other skeletal abnormalities,
tends to preserve and even enhance the normal ana-
tomical configuration of bone. Expansion and, on
occasion, distortion of involved bones may be seen.
The appearances of individual lesions are often strik-
ing and pagetic bone seems to be ‘‘picked out”, as
the borders between normal and abnormal bone are
well delineated (see Fig. 8.3). When the appendicu-
lar skeleton is involved, lesions generally commence
at the articular end of the bone and progress into
the shaft. The distal aspect of the lesion may be seen
to have a sharp edge and this corresponds to the
flame-shaped resorption front seen on radiographs
(Fig. 8.6). There have been occasional reports of
pagetic lesions confined to the diaphyseal area but
this appears to be extremely uncommon (Frank
1981 ; Schubert et al. 1984).

Differential Diagnosis

The scan appearances in Paget's disease are gener-
ally characteristic, and when polyostotic disease is
present there is seldlom any doubt as to the
diagnosis. Indeed, it is usually possible to differen-
tiate between Paget’s disease and metastatic disease
even when they coexist (Fig. 8.7) (Citrin and McKil-
lop 1978). However, both are common conditions

Fig. 8.1a, b. Whole-body scan anterior (a) and posterior
(b) views showing extensive Paget's disease involving
b skull, left clavicle, spine, pelvis, scapulae and femora.
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Fig. 8.2. a Typical scan appearances of Paget's disease involving left hemipelvis, lower right pelvis and right femur. b Radiograph
confirms these appearances.

Fig. 8.3. a On scan there is intense uptake of tracer throughout body of lumbar vertebra 3. Vertebra appears expanded and note
transverse processes are involved. This appearance corresponds to changes of Paget's disease seen on radiograph (b). However,
there is also increased tracer uptake present in sacrum, presumably reflecting pagetic involvement, although this was not confirmed
on the radiograph.
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Fig. 8.4a, b. Paget's disease involving tibia. a Scan; b radiograph.

Fig. 8.5. Paget’s disease of skull. There is intense uptake of tracer
at margins of lytic front.

The Bone Scan in Paget’s Disease

and inevitably some diagnostic difficulty can arise,
particularly when the scan appearances are some-
what atypical. The most difficult problem arises
when a patient with a known primary tumour has
a bone scan performed to screen for skeletal
metastases and Paget’s disease is found as an
incidental finding. In this situation, each individual
site of involvement must be carefully studied and
a decision reached as to whether it is typical of
Paget's disease or not. It is generally best to obtain
radiographs of all “abnormal” areas and this is
mandatory where any doubt exists as to the
diagnosis. Rarely, when bone scan appearances are
atypical and radiography is unhelpful, a CT scan or
biopsy will be required to establish a diagnosis. In
this context, lesions involving the spine are most
problematic, particularly when vertebral collapse
and degenerative change are also present. A single
lesion on the bone scan is generally more difficult
to interpret, but even in this situation the typical
scan features are likely to differentiate monostotic
Paget’s disease from other pathological conditions
such as a sclerotic spinal metastasis from prostatic
carcinoma. Degenerative disease is commonly
found in any elderly population, and while this may
present some difficulty in the differential diagnosis
of metastatic disease, it is unlikely to cause any con-
fusion as regards the diagnosis of Paget’s disease
(Fig. 8.8).
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Fig. 8.6. a On scan there is intense uptake of tracer seen in lower left humerus with apparent expansion of bone. b Radiograph
confirms Paget’s disease. Note cortical resorption and flame-shaped resorption front in shaft of humerus.

Comparison of Bone Scanning and
Radiography

It has now been convincingly shown that bone
scanning is more sensitive than radiography for
detecting sites of Paget’s disease throughout the
skeleton (Khairi et al. 1974; Shirazi et al. 1974 ;
Serafini, 1976 ; Vellenga et al. 1976). Fogelman and
Carr (1980) studied 23 patients with symptomatic
disease with radiographic skeletal surveys and bone
scans, and found that of 127 sites of pagetoid
involvement, 120 (94.5%) were detected by bone
scan, while only 94 (749%) were seen radiographi-
cally (Table 8.1). In addition, in six patients the
extent of the disease involving a long bone was
underestimated by radiography. In this study 33
individual sites were not visualised on radiographs,
but it was noted that one-third of these involved
areas which are difficult to evaluate with standard
radiographic views, e.g. scapulae (Fig. 8.9), ribs and
sternum (Milstein et al. 1974). It is apparent that
in addition to increased sensitivity for lesion detec-
tion further advantages of bone scanning over
radiography are clear visualisation, with ease and
rapidity of evaluation of the whole skeleton.
Recently, Vellenga et al. (1984a) have carried out
a bone scan evaluation of a large series of patients

with Paget’s disease. They found that 59 of 373
lesions (16%) did not show any radiographic abnor-
mality. This group did not obtain routine radio-
graphic skeletal surveys but chose to study only
those areas already shown to be abnormal on bone
scan. Therefore, compared with most previous
studies, there was an inbuilt bias in favour of radi-
ography and yet a clear 16% difference in sensitivity
was obtained. The bone scan is thus able to detect
areas of pagetoid involvement which are not seen
on radiographs. The ability of the scan to visualise
some bones that are radiographically difficult is a
partial explanation, but more important is the
ability of the bone scan to detect physiological
rather than structural change. It is probable that
most radiographically normal lesions represent
early Paget’s disease. However, there is very little
literature regarding this, and the possibility of other
pathological conditions being present must be con-
sidered. While coexistent disease such as osteoar-
thritis is commonly found, one would expect to see
evidence of this radiographically, and the scan
appearances are usually quite different. Fur-
thermore, in Paget’s disease sites of involvement on
the bone scan have the same characteristic appear-
ance whether detected by radiography or not. It will
be of considerable interest to learn of the eventual
outcome of these lesions which appear normal
radiographically but abnormal on the bone scan,
and sequential studies of such patients are required.
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Fig. 8.7. a, b Anterior (a) and posterior (b) views of pelvis show typical appearances of Paget’s disease involving right hemipelvis.
There is also scan evidence of metastases in spine and ribs (b, ¢). d, e Radiographs confirm both Paget’s disease (d) and metastases

(e).

On occasion, areas of pagetoid involvement may
be detected by radiograph but not bone scan. Until
recently it was thought that such an occurrence was
rare and limited to sites that were sclerotic on the
radiograph (Fig. 8.10) (Khairi et al. 1973; Shirazi
et al. 1974; Fogelman and Carr 1980). It was
argued that these were areas of ‘‘burnt-out” activity
in bone which were no longer metabolically active
(Khairi et al. 1973 ; Shirazi et al. 1974), in keeping
with the view that the bone scan presents a func-
tional image of skeletal metabolic activity. However,
Vellenga et al. (1984a) have reported finding a small

number of lesions radiographically that were not
visible on the bone scan, and of the nine such lesions
radiographs indicated that two were osteolytic, two
were sclerotic and five were mixed. These lesions
which appeared normal on bone scan but abnormal
on radiograph were essentially found by accident,
as radiographs were limited to those areas already
shown to be abnormal on bone scans. Although the
authors did not specifically make the point, the ques-
tion must arise as to whether other lesions appear-
ing normal on bone scan but abnormal on
radiograph would have been detected if full radio-
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C

Fig. 8.8. a Bone scan from an elderly patient with Paget’s disease in right femur. b Scan revealed lesion at right border lumbar
vertebrae 1/2. Appearances are non-specific but were thought most likely to represent degenerative disease, which was confirmed

on radiograph (c).

graphic skeletal surveys had been obtained. How-
ever, it seems improbable that a significant number
of such lesions would have been found as all pre-
vious series have shown them to be extremely
uncommon. Vellenga et al. (1984a) also reported
a case where Paget’s disease was seen in a histologi-
cal specimen from the pelvis while both bone scan
and radiographs of that site were normal. This indi-
cates that there is a stage of disease where histomor-
phometric abnormalities may be detected but
alterations in skeletal metabolism or structural
change are not yet of such a magnitude that they
can be detected by imaging techniques.

The bone scan is generally of value in detecting
fracture (Marty et al. 1976); when this occurs at
a site of pagetic involvement, it may be seen as
focally increased tracer uptake superimposed on
generalised high uptake. However, it should be
recognised that there may be difficulty in diagnosing
a fracture in pagetic bone as differentiation of a focal
increase in tracer uptake from high background
activity may not always be possible. This may be
a particular problem when stress fractures are
present (Fig. 8.11). Similarly, if osteosarcoma
develops at a site of pagetic involvement it may be
difficult to recognise on the scan. One should always
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Fig. 8.9. Paget’s disease involving left scapula and an upper thoracic vertebra.

Fig. 8.10a, b. Extensive Paget's
disease involving pelvis seen on
radiograph (a) but not apparent
on scan (b). (Fogelman and Carr
1980)

97
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Fig. 8.11a, b. Paget’s disease involving femora and
pelvis. Scan (a) shows patchy uptake of tracer in femora,
more marked on right. Radiograph of right femur (b)
reveals multiple stress fractures, which were not
suspected from scan findings. Furthermore, there is
patchy tracer uptake in left femur and stress fractures
were not present on radiograph.

be concerned about the possibility of sarcomatous
change when expansion of a lesion outside normal
anatomical borders occurs (Fig. 8.12). While most
previously reported cases have indicated that
osteosarcoma shows increased tracer uptake
(Shirazi et al. 1974), McKillop et al. (1977) reported
a case where a large lytic area was present radio-
graphically with a photon-deficient area on the cor-
responding scan image. Subsequently, there have
been other reports of photon-deficient areas occur-
ring in association with sarcomatous change. Yeh
et al. (1982) obtained bone and ¢’Ga scans in 12

The Bone Scan in Paget's Disease

patients with Paget’s sarcoma. It was found that
$7Ga uptake at the site of sarcoma was always
greater than the relative °°™Tc diphosphonate
uptake and it was suggested that ¢’Ga was useful
in confirming a diagnosis of sarcoma. However,
overall it would appear that the bone scan is a some-
what unreliable means of detecting fracture and
sarcomatous change in patients with Paget's
disease; therefore conventional radiography
together with computed tomography and biopsy in
cases where tumour is suspected, remain the
investigations of choice.
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Fig. 8.12a, b. Paget's osteosarcoma. On scan (a) there is pagetic involvement of right hemipelvis with gross disruption of anatomical
borders in lateral aspect of iliac wing. On radiograph (b) there is destruction of bone seen at that site.

Anatomical Distribution of Lesions

The anatomical distribution of lesions in Paget'’s
disease was previously assessed by either skeletal
radiography (Dickson et al. 1945; Guyer and
Clough 1978) or autopsy examination (Schmorl
1932). Considerable experience with bone scanning
has now accumulated which allows both good visu-
alisation of the whole skeleton and early detection
of disease activity. Table 8.2 lists the frequency of
involvement of the various parts of the skeleton from
two bone scan series and from three other series
where disease was evaluated by other methods. The
scatter of lesions seen on the bone scan in Paget’s
disease differs little from that found radiographi-
cally, and spine, pelvis, femur, tibia and skull are
the most frequently involved sites. The autopsy
series found a surprisingly low incidence of pelvic
involvement and high incidence for sternum, but is
otherwise in keeping with the other series. The bone
scan has, however, identified the scapula and
humerus as sites which are more often involved by
Paget’s disease than had previously been recognised
from other studies. It is likely that this is because
these sites are seldom symptomatic and may often
be missed on routine radiology (Miller et al. 1974).
Monostotic Paget's disease is clearly common
(10%-25% of cases) (Shirazi et al. 1974 ; Wellman
etal. 1977; Vellenga et al. 1984a) and may on occa-
sion provide dramatic findings on the bone scan
(Fig. 8.13). However, it is of interest that when a
patient is suspected of having monostotic Paget's

disease on routine radiography, a bone scan will
often identify further sites of involvement (Shirazi
etal. 1974).

Correlation of Symptoms with Sites
of Activity on Bone Scan

It has been suggested that Paget’s disease may be
classified into lytic, blastic and sclerotic phases on
the basis of radiographic appearances (Khairi et al.
1973). In practice, it is often difficult to classify cases
accurately in this way as there is usually a mixed
picture present in any patient and occasionally even
in the same bone. Although the amount of tracer
uptake at an involved site is probably influenced by
the phase of disease activity, this is generally
thought to be of little clinical significance. However,
it has been recently suggested that symptoms may
correlate with the degree of severity of individual
lesions (Vellenga et al. 1984a). It may well be cor-
rect that the most metabolically active lesions (and
hence those with the highest tracer uptake) are
more likely to give rise to symptoms. Certainly, it
seems that symptomatic lesions appear markedly
abnormal on the bone scan (Shirazi et al. 1974;
Fogelman and Carr 1980). However, only a
minority of all pagetoid lesions are symptomatic and
it is therefore difficult to demonstrate a clear rela-
tionship between tracer avidity and symptoms. The
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Fig. 8.13. a There is striking increased tracer uptake in left patella. b Radiograph confirms Paget’s disease. This patient had monostotic

disease involving patella.

relationship between pagetoid lesions and patients’
symptoms found by Fogelman and Carr (1980) is
summarised in Table 8.1. The most frequently
involved sites were spine in 57%, tibia in 39%, and
pelvis and femur both in 35% of cases. Thus the
weight-bearing bones were most often sympto-
matic. It has been suggested that headaches are a
characteristic feature of Paget’s disease (Ibbertson
et al. 1979), but Fogelman and Carr (1980)
observed that of nine cases with skull involvement
only one complained of headache. Thus the skull
is a site where there is no direct relationship between
tracer uptake and symptoms, as tracer uptake is
often intense yet patients seldlom have symptoms.
Clearly factors other than alterations in skeletal
metabolism are important with regard to the
development of symptoms, and these may include
skeletal vascularity, whether a bone is weight bear-
ing or not, and whether there is deformity of bone
with stretching of the periosteum. In general there
does not appear to be any clear correlation between
the radiographic appearance of individual lesions
and either the intensity of tracer uptake at that site
or the incidence of symptoms (Vellenga et al.
1984a). However, lesions which appear normal
radiographically but abnormal on the bone scan are
generally asymptomatic (Fogelman and Carr 1980;
Vellenga et al. 1984a).

Evaluation of Treatment

Several studies have now shown that changes in
disease activity can be documented on the bone
scans of patients with Paget’s disease receiving
therapy with either calcitonin (Lavender et al.
1977) or diphosphonate (Fig. 8.14) (Stein et al.
1977). While bone scan features generally cor-
respond to biochemical findings, changes on the
scan occur relatively slowly and may lag behind bio-
chemistry by several months (Waxman et al. 1977).
Thus early in the course of treatment alterations in
urinary hydroxyproline and serum alkaline phos-
phatase, and perhaps even the clinical response, are
better prognostic indicators. However, Bourdreau et
al. (1983) have found that the scan evaluation of
response to treatment can be improved by obtaining
radionuclide blood flow studies. In 24 patients serial
flow studies generally were in good agreement with
alkaline phosphatase results (in 72%) and in the
remaining cases were equally split in terms of which
test preceded the other. Thus it would appear that,
overall, radionuclide blood flow studies and alkaline
phosphatase are approximately equally sensitive in
terms of monitoring change in disease activity.
However, blood flow studies have the limitation that
the technique is largely restricted to the appendicu-
lar skeleton and to the extent of disease that can
be included in the gamma camera field of view.
Waxman et al. (1980), in a small study of five
patients with Paget’s disease, compared scans
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Fig. 8.14. a Paget's disease involving pelvis and left femur. b Following 9 months’ therapy with oral diphosphonate, there has been

marked improvement.

obtained with ¢7Ga and *°™Tc diphosphonate follow-
ing calcitonin therapy. It was considered that ¢’Ga
reflected biochemical changes more accurately than
disphosphonate as uptake of tracer was dependent
upon cellular activity rather than available bone
surfaces. While this is certainly an interesting
observation, it does not appear to have any clinical
relevance. However, the bone scan can be used to
reassess disease activity from 3 to 6 months follow-
ing initiation of therapy. A visual display of activity
in individual lesions is obtained, while radiographs
often remain unchanged over this period. Further-
more, quantitation of tracer uptake by bone can be
carried out (Goldman et al. 1975; Lentle et al.
1976; Lurye et al. 1977; Vattimo et al. 1981), thus
avoiding the need for subjective evaluation of scan
images and providing increased sensitivity for alter-
ation in disease activity. Vellenga et al. (1984b)
recently studied 42 patients with pagetic lesions and
compared visual assessment of bone scans, using a
six-point qualitative score, with computer quanti-
tation, obtaining the ratio of counts in involved bone
to those in comparable normal bone. It was con-
cluded that visual assessment generally correlated
well with quantitative results. However, 27 of these
patients had bone scan studies before and after
diphosphonate therapy and there it was found that
in 14% of lesions, significant alterations were
detected by quantitation alone.

The bone scan appears to provide a sensitive
means of anticipating the recurrence of Paget’s
disease during clinical remission, and in one series
approximately one-third of patients with recurrent
disease were identified prior to changes in bio-
chemistry (Vellenga et al. 1982). However, the
predictive value of a stable bone scan is poor; there
seems little justification in obtaining serial bone
scans in any pagetic population simply to anticipate
relapse.

A more global assessment of skeletal metabolism
can be obtained with 24-h whole-body retention of
99mT¢ diphosphonate measurements (Vattimo et al.
1981 ; Smith et al. 1984). This technique can also
be used to monitor response to therapy. An interest-
ing point, however, arises as to whether a **mTc
diphosphonate bone scan with or without quanti-
tation is a valid means of assessing response to
treatment with diphosphonate, as it is at least
theoretically possible that skeletal affinity for radio-
labelled diphosphonate could be altered in the
presence of an oral diphosphonate load. Wellman
et al. (1977) obtained paired **F and °*»Tc diphos-
phonate studies in 15 patients with Paget’s disease
receiving diphosphonate therapy. Studies were
evaluated qualitatively, and it was felt that the same
information was obtained with both sets of images.
It was concluded that oral diphosphonate did not
interfere with interpretation of **=Tc diphosphonate
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Fig. 8.15. Whole-body retention (WBR) of ?°»Tc-HEDP vs. log serum alkaline phosphatase (log SAP) over course of oral diphosphonate

therapy. (Smith et al. 1984)

scans, and it was suggested that even when patients
received a significant diphosphonate load the poten-
tial binding sites in the skeleton were so numerous
that there was no effect with regard to affinity for
the bone-scanning agents. Smith et al. (1984)
studied 18 patients receiving diphosphonate
therapy by obtaining 24-h whole-body retention
(WBR) of °°=Tc diphosphonate, serum alkaline
phosphatase and urinary hydroxyproline measure-
ments before, during and after 6 months’ treatment.
The measurements of 24-h WBR of *°»Tc diphos-
phonate correlated well with both biochemical
measurements throughout the treatment period,
and the relationship was maintained after cessation
of diphosphonate therapy (Fig. 8.15). It was con-
cluded that the measurements of 24-h WBR of **=T¢
diphosphonate accurately reflected disease activity,
even in the presence of an oral diphosphonate load.

Although of considerable academic interest, there
does not appear to be any clinical indication at the
present time for sequential bone scanning in Paget’s
disease as the patient’s response can be gauged more
simply and accurately by routine biochemical
measurements.

Clinical Use of Bone Scanning

In Paget’s disease neither radiograph nor bone scan
will identify all sites of involvement, but it is clear
that the bone scan is the more sensitive technigue.
In addition, most authors believe that those sites
which are occasionally missed by the bone scan are
metabolically inactive. Therefore, it seems reason-
able to suggest that the bone scan should be the
imaging technique of choice in Paget’s disease and
radiography should be used to provide supplemen-
tary information whenever required.

A bone scan is an ideal screening test in cases of
suspected Paget's disease, for example in elderly
patients with unexplained bone pain, bony defor-
mity, or those found to have an elevated serum
alkaline phosphatase value. In addition to being
more sensitive than radiography, the bone scan pro-
vides good visualisation of the whole skeleton,
allowing accurate assessment of the extent of
disease (Merrick and Merrick 1985). Furthermore,
the bone scan is simple to perform and much more
straightforward and rapid to evaluate than a full
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radiographic skeletal survey. Paget’s disease gener-
ally affects an elderly population and patients may
have bone symptoms related to other diseases such
as osteoarthritis, rheumatoid arthritis or coexistent
metastatic disease. A bone scan should be obtained
as a baseline investigation, not only to monitor pro-
gression of Paget’s disease if this is felt necessary,
but also for evaluation of new symptoms that may
be related to other pathological conditions of bone.
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9 - The Role of Bone Scanning, Gallium and Indium

Imaging in Infection

K. Mido, D. A. Navarro, G. M. Segall and I. R. McDougall

Introduction

Nuclear medicine studies have considerable value
in diagnosing infectious conditions in the skeleton.
Inthis chapter we will discuss acute infections of bone
and joints separately. The section on acute osteo-
myelitis will cover radiopharmaceuticals, methods,
experimental models and the results of clinical
series. Acute infections of joints will be discussed
with attention to radiopharmaceuticals, methods
and results. The diagnosis of acute infection in pros-
thetic joints is treated separately. The evaluation of
chronic bone infections is described briefly.

Radiopharmaceuticals and Methods

*smTc phosphate and diphosphonate compounds
show increased uptake in sites where there is more
blood flow or metabolic bone activity (Siegel et al.
1976). Since both of these are common in acute
infections of bones and since these agents are avail-
able at all times, a bone scan is frequently the first,
or at least an early, study. The dose will depend on
the weight of the patient, since most acute bone
infections are in children; the standard dose in
adults is 15-20 mCi (555-740MBq), in children 25
uCi (925 kBq) per kg.

It is advisable to perform a flow study of the
suspected area obtaining images at 3—4 s intervals.
If possible, normal bone on the opposite side should
be studied simultaneously. This is made easier by
using a camera with a large field of view. In the spine
adjacent normal bones can be used for comparison.
Most acute bone infections have increased blood
flow. A blood pool study is obtained 5-10 min after
injection. We usually obtain a spot view of 10°
counts from a camera with a large field of view.
Thirdly, static pictures of the entire skeleton are
obtained. Figure 9.1 shows a three-phase bone scan
in acute osteomyelitis. Because many of the patients
are young and bone uptake of the radiopharma-
ceutical is avid, a delay of 2-3 h is usually sufficient.
In older patients it can be necessary to delay 3 or
even 4 h before imaging. It is important that meti-
culous attention is paid to detail. Since the site of
osteomyelitis is usually adjacent to hot growth
plates, lesions can be masked if only whole-body
images are obtained. Spot views and frequently pin-
hole views are necessary. Pin-hole spots take a long
time to obtain, and, since movement must be
avoided, it may be necessary to restrain the areas
of interest or even sedate restless children. Gentle
handling, a darkened environment, lack of noise
and interruptions, presence of a favourite toy etc,
are all helpful. Each child has to be evaluated
individually. We have found the presence of a nurse
from the children’s wards who knows the patients,
their parents and our staff and procedures to be most
valuable.
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Fig. 9.1a—c. Three-phase bone scan showing increased
blood flow, increased blood pool and abnormal focal
uptake in ankle, most notably in the talus.

The entire skeleton should be studied since the
problem can be multifocal or the location and
appearance of other lesions can cause a change in
diagnosis. ¢’Ga has been used to diagnose acute and
chronic inflammation in many sites of the body
including the skeleton. The dose used varies from
3-8 mCi (111-296 MBq). We prefer doses in the
lower end of the range. Whole-body and spot images
are obtained 24 or 48 h after intravenous injection
of the radionuclide. ¢’Ga emits 4y rays of energies
93, 186, 298 and 396 keV, and usually the three
lowest are used for imaging. In general we have
used planar images; however, several groups have
shown the value of tomographic studies. If the
region of suspected infection is lumbar spine or

The Role of Bone Scanning, Gallium and Indium Imaging in Infection

pelvis, it is important to ensure that ¢’Ga in the
colon superimposed on the spine is not misinter-
preted as an abnormality.

19p-labelled white cells have been used for
diagnosing acute bone and joint infections. The
details of cell separation and labelling are beyond
the scope of this chapter, but interested readers are
referred to Thakur et al. (1976), McDougall et al.
(1979).

1117n as oxine, tropolone or acetylacetone have
been used. Our experience is limited to ''In oxine,
and, since this preferentially labels granulocytes and
our cell separation technique preferentially con-
centrates granulocytes, our results are based on
1117 granulocytes.
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Acute Osteomyelitis

Pathology

Haematogenous osteomyelitis is caused most often
by Staphylococcus aureus. It is most common in chil-
dren. Osteomyelitis can result from direct penetrat-
ing wounds or spread from adjacent soft tissue
infection. The consequences can be serious or even
fatal, but with early diagnosis and appropriate anti-
biotics and/or surgery, recovery can be complete
and uneventful. Haematogenous osteomyelitis has
a predilection for the metaphyses of long bones,
which is best understood with knowledge of the
vascular supply of bone. In the child, blood supply
to the medullary space enters through the nutrient
artery and flows through channels towards the
growth plate. When these reach the metaphyseal
side of the growth plate, they turn back upon them-
selves in acute loops to empty into a system of large
sinusoidal veins where the slow flow of blood pro-
vides a favourable medium and opportunity for
implantation by bacteria. This vascular partition of
the metaphysis from the epiphysis exists from the
age of about 1 year until puberty; in both infancy
and adulthood, the growth plate does not act as a
barrier, and terminal branches of the nutrient artery
extend into the epiphysis. Trueta (1959) postulates
infectious involvement of the metaphyseal veins in
acute osteomyelitis causing early oedema and sub-
sequent expansion of transudates towards the sur-
face of bone across the cortex in the distal
metaphyseal region with subsequent elevation of
the periosteum. It is this elevation of the periosteum
which leads to the formation of an involucrum. An
additional consequence is the disruption of the blood
supply to the outer portion of the cortex; when this
is coupled with deprivation of the blood supply to
the inner cortex by thrombosis of the nutrient
artery, the consequence is formation of cortical
sequestra. Similar microvasculatures exist at
equivalent metaphyseal locations such as the ileum,
vertebrae, calcaneus, proximal femur adjacent to
the greater trochanter and the ischium and pre-
dispose these locations to haematogenous
osteomyelitis as well (Nixon 1978).

Animal Studies

Given the complex changes that can take place in
the microvasculature of bone in acute osteomyelitis,
the reactive bony changes in response to the inflam-
matory process, and the dependence of uptake of
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technetium radiophosphate compounds on both
blood flow and extraction efficiency (Garnett et al.
1975: Lavender et al. 1979; Sagar et al. 1979), it
is not easy to predict the temporal course of tracer
uptake. In a rabbit model, Dye et al. (1979) found
only one out of nine lesions abnormal on bone scan
during the first week, with eight out of nine becom-
ing abnormal after that time. Rinsky et al. (1977),
also using a rabbit model, found 21 of 23 cases
demonstrating either normal or reduced tracer
accumulation at 3 days. Subsequently, 15 of 19
(79%) displayed increased uptake by day 10, with
no additional hot cases up to 19 days. Norris and
Watt (1981), also using rabbits, followed the evolu-
tion of experimentally induced acute osteomyelitis
with two-phase °*"Tc-MDP scanning and gallium
scanning. All cases demonstrated increased activity
on the gallium scans and the perfusion phase of the
technetium radiophosphate scan, with reduced
activity on the delayed radiophosphate scans.
Raptopoulos et al. (1982) compared computed
tomography, *'In oxine-labelled white blood cells
and *°=Tc-MDP, and found that °*»Tc bone scans
were positive in only 229% of the animals during the
first week but positive in all surviving animals dur-
ing the second week and thereafter. Both the white
blood cell scans and computed tomographic studies
disclosed more abnormalities during the first week.
Hartshorne et al. (1985) obtained parametric ratio
images of ¢’Ga and *°"Tc-MDP uptake images in a
rabbit model of early osteomyelitis. Images obtained
during the first 48 h showed preferential gallium
accumulation, thought to reflect an initial inflam-
matory response, while later images at 5-7 days
showed a predominance of the radiophosphate
agent, indicating the dominant process of
osteoblastic repair.

Patient Studies

Earlier series (Duszynski et al. 1975; Gilday et al.
1975) suggested that technetium radiophosphate
imaging was very sensitive (95% and 999%, respect-
ively) in diagnosing acute haematogenous osteo-
myelitis. While Gilday et al. (1975) achieved a
100% specificity by utilising an adjunctive blood
pool image in addition to the delayed scan, reliance
soley on the delayed scan did not significantly hurt
Duszynski’s (1975) results as he achieved a 96%
specificity. Letts et al. (1975) reported 100% sen-
sitivity and 83% specificity by relying on only the
delayed bone scan in a series of 20 children; the
single false-positive result was due to a leukaemic
bone deposit. Using only delayed scans in a study
of nine paediatric patients, Treves et al. (1976) cor-
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rectly identified all eight cases of osteomyelitis; the
single case of cellulitis had a normal bone scan. Majd
and Frankel (1976), utilising a two-phase combined
blood pool and delayed scan technique in a series
of 65 paediatric patients, correctly identified all 20
cases of acute osteomyelitis, although in one case
a follow-up bone scan obtained 1 week after the
onset of symptoms was required to make the
diagnosis. There is insufficient information to cal-
culate the specificity in this series. Gelfand and
Silberstein (1977) were able to achieve an 849, sen-
sitivity and 929% specificity in a series of 44
paediatric patients; however, some of his cases had
chronic osteomyelitis or osteomyelitis secondary to
penetrating trauma in contiguous infection. When
analysis is restricted to those patients considered to
have acute haematogenous osteomyelitis, 10 of 13
were correctly identified for a sensitivity of 77%.

Sullivan et al. (1980) reviewed 21 paediatric
cases of proven osteomyelitis in which the patients
had scintigraphy prior to diagnosis. Fourteen of
the 21 cases (67%) were initially reported as
osteomyelitis. Retrospectively it was thought that
11 of these 14 cases had characteristic and
unequivocal abnormalities and that the remaining
3 had subtle asymmetries of the metaphyses. They
thought that an additional case, though interpreted
as normal in prospect, was abnormal, although
subtly so. An additional case that was prospectively
thought to represent a joint abnormality only, was
noted upon retrospective scrutiny to have an addi-
tional focus of increased activity suggesting
osteomyelitis. Four of their 21 cases were considered
normal both prospectively and retrospectively.
However, Gilday (1980) takes exception to their
findings and suggests that the poor sensitivity was
due to a lack of high-quality gamma camera images
and good photographic technique and a failure to
interpret subtle changes adjacent to the growth
zone of the metaphysis.

Maurer et al. (1981) studied the contribution of
the blood pool and radionuclide angiogram portions
of a three-phase bone scan in the diagnosis of
osteomyelitis. A sensitivity of 92% and specificity of
75% was achieved using the delayed study only.
Addition of the blood pool or the blood pool and per-
fusion did not alter the sensitivity but improved the
specificity to 89% and 94%, respectively. However,
it should be noted that this study is not directly com-
parable with those previously described in that the
mean age was 42 years and only 28 of the 98
patients were 18 years or younger. The three-phase
bone scan may improve the specificity of the tech-
nique in an adult population, but it is not clear that
such expectations should be held for paediatric
applications.
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Sfakianakis et al. (1978) performed a prospective
study of 25 children with osteomyelitis and per-
formed °°=Tc diphosphonate scans at 8-day inter-
vals. In virulent disease characterised by an acute
onset, short history and severe symptoms, the first
scan visualised the lesion faintly, while the second
study showed a dramatic increase in activity, at
which time radiographs became positive.

Rosenthall et al. (1982) demonstrated a sen-
sitivity of delayed bone scanning of 919% in the
diagnosis of osteomyelitis in non-violated bone.
Howie et al. (1983) applied two-phase combined
blood pool and delayed bone scanning in a group
of 290 paediatric patients and achieved a sensitivity
of 89% and specificity of 94%. It is noteworthy that
in three instances, a photopaenic area was correctly
interpreted as representing osteomyelitis and that
six of the seven false-negative scan results showed
increased uptake in the area of subsequently proven
osteomyelitis. The hot spots were initially misinter-
preted as representing septic arthritis in two cases,
soft tissue infection in three cases and non-specific
increased activity in one case. Of additional interest
are the scan results from 36 sites in 33 patients with
a diagnosis proved by a positive culture of pus: The
scan result was negative at four of the 21 sites of
subperiosteal abscess but at only one of the 15 sites
of intramedullary abscess; furthermore, all exam-
ples of photopaenic defects occurred at the site of
a subperiosteal abscess. Fihn et al. (1984) studied
the records of 69 patients who had a total of 86
delayed static bone scans performed for suspected
osteomyelitis. Images were interpreted as ‘‘definite”
or “‘equivocal”’ osteomyelitis and as ‘‘osteomyelitis
absent”, also in definite and equivocal categories.
When the data was analysed in binary fashion a
sensitivity of 79% and specificity of 93% were
obtained. However, an image interpretation of
osteomyelitis definitely absent was obtained in only
one of 19 cases of osteomyelitis. While the results
are in general not as good as those of several pre-
viously reported series, the patient population is
somewhat different in that of the 14 patients with
osteomyelitis the youngest was 17 years and only
3 had acute haematogenous osteomyelitis. Indeed,
if an image interpretation of “‘equivocally absent”
is considered to be positive for osteomyelitis and a
sensitivity of 95% and specificity of 67% are
achieved, such results would not be too dissimilar
from those obtained by Maurer et al. (1981) employ-
ing the delayed scan only.

Handmaker and Giammona (1984) obtained
positive results for osteomyelitis in 12 out of 17
paediatric cases on bone scan for a sensitivity of
71%; 13 of these children scanned with gallium all
had abnormal sites of uptake corresponding to the
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site of osteomyelitis. However, four of the five
patients with initially negative bone scan results
had a positive bone scan result later in their illness.

Some authors have questioned the value of **™T¢
radiophosphate bone scanning in the evaluation of
neonatal osteomyelitis. Ash and Gilday (1980)
studied 21 neonates suspected of having acute
osteomyelitis. Ten infants ranging in age from 7 to
42 days at the time of the first scan were proven
to have osteomyelitis in 20 sites, but only 6 (31.5%)
were abnormal by bone imaging, 58% were normal
and 10.5% equivocal. This was in contradistinction
to their positive bone scan results in all 19 of the
infants ranging in age from 40 days to 1 year who
were subsequently proven to have osteomyelitis and
were scanned during the same 4-year period of the
study. They found that plain film radiographs
demonstrated destruction, and in some cases perios-
teal new bone was more sensitive. In a retrospective
study from the same institution but covering a
greater number of years (1970-1979), 19 of the 22
infants (86-4%) had abnormalities on their initial
radiographs, but 7 of the 10 patients had bone scan
abnormalities (Mok et al. 1982). A more recent
study by Bressler et al. (1984) of 33 infants less than
6 weeks of age with suspected osteomyelitis iden-
tified 15 individuals with 25 sites of proved
osteomyelitis, all of which had abnormal radio-
nuclide localisation. Ten additional sites were identi-
fied on bone scan that were radiographically
normal. The majority of abnormal sites were hot but
two were cold. Of the 25 scintigraphically demon-
strated cases of osteomyelitis 23 had radiographic
abnormalities at about the same time. It is proposed
that the routine use of magnification techniques on
more modern equipment accounts for the higher
sensitivity achieved compared with that obtained by
Ash and Gilday (1980).

Osteomyelitis in Diabetic Patients

The evaluation of the diabetic foot for potential
osteomyelitis presents a problem because of associ-
ated osteoarthropathy and soft tissue infection. Park
et al. (1982) studied the value of three-phase bone
scanning in this situation. Four patterns of activity
were observed. Moderate to marked increased
activity in all three phases of the study was felt to
be diagnostic of acute osteomyelitis, while moderate
or marked increased activity on only the first two
phases indicated cellulitis. Moderate or marked
increased activity on only the delayed phase tended
to indicate osteoarthropathy or degenerative bony
disease. A fourth category displaying reduced
activity in all three phases was found in two patients
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with acute osteomyelitis and in one normal patient.
Excluding the cases with absent flow, the technique
had a sensitivity of 95% for acute osteomyelitis.
Seldin et al. (1982) obtained similar results in a
series of 16 patients; 9 of 10 patients with acute
osteomyelitis had intense focal hyperaemia during
the arterial phase of the three-phase bone scan. Two
of six patients (specificity of 67%) without
osteomyelitis also showed focal hyperaemic
changes. Although 12 of the 16 patients had foot
ulcers, in only one instance did ulcer hyperaemia
give a false-positive result on the three-phase bone
scan.

Summary of Evidence for Application of Bone
Scanning

Theory and experimental evidence suggests a spec-
trum of scintigraphic presentation of acute haemato-
genous osteomyelitis, ranging from photopaenic
lesions when ischaemic changes predominate to hot
lesions when the reparative processes of bony heal-
ing predominate, with a middle ground of normal
uptake in instances in which the degree of bony
reaction is minimal or increased extraction associ-
ated with osteoblastic proliferation is offset by focal
ischaemia (Berkowitz and Wenzel 1980). Indeed,
there are many reports of photopaenic lesions on
bone scanning in cases of haematogenous osteo-
myelitis (Russin and Staab 1976; Trackler et al.
1976; Raghavendra and Braunstein 1977 ; Teates
and Williamson 1977; Berkowitz and Wenzel
1980; Jones and Cady 1981 ; Barron and Dhekne
1982; Murray 1982; Patel et al. 1983). Given the
pre-eminence of soft tissue factors early in the pro-
cess and the relative insensitivity of radiographic
techniques to subtle changes in bone mineralisa-
tion, it is not surprising that classic patterns of bone
destruction and periosteal new bone are not usually
seen (on radiograph) until 10 or 12 days after the
onset of symptoms (Capitanio and Kirkpatrick
1970).

In the child suspected of having acute haemato-
genous osteomyelitis, plain films of the bone in ques-
tion should be the initial imaging procedure; these
may demonstrate a clinically congruent non-
infectious lesion or the typical skeletal change of
osteomyelitis. The next step should be bone scan-
ning with a technetium phosphate compound.
Blood pool or perfusion imaging may be employed
adjunctively; however, it should be realised that
sensitivity and specificity of the technique are not
substantially improved in the paediatric population,
although these adjuncts may aid in making a posi-
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tive diagnosis of a non-osteomyelitic process such
as septic arthritis or cellulitis. While there is some
controversy in the literature, the bone scan is a very
sensitive technique in this context, although false-
negative results are certainly to be expected. In the
presence of a normal bone scan and persistent clini-
cal suspicion, the next step could be follow-up bone
scan (Dye et al. 1979), gallium scanning (Hand-
maker and Giammona 1984), **In white cell scan
or needle aspiration of the site of maximal suspicion
(Kasser 1984). Although some controversy exists as
to the sensitivity of radiophosphate bone scanning
in neonatal osteomyelitis, the sensitivity of plain film
radiographs and the availability of needle aspiration
biopsy serve to limit its application in this situation.
Evaluation of the diabetic foot for possible
osteomyelitis is best approached with the three-
phase bone scan, which serves to improve the speci-
ficity of the technique. However, caution must be
exercised because of the high incidence of coexisting
soft tissue infection and non-infectious skeletal
abnormalities.

Role of Radiolabelled Leukocytes in Diagnosis
of Acute Osteomyelitis

In most of the reports of radiolabelled leucocytes,
11115 has been the radionuclide used. Most investi-
gators have used *''In oxine or tropolone, fewer
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1117 acetylacetone. °’Ga-labelled leucocytes and
*omTc stannous colloid-labelled leucocytes have
been used rarely. As a result, most of the statements
which follow are related to ***In, Table 9.1 gives
an analysis of sensitivity and specificity of seven
series. While the majority give both a high sen-
sitivity and specificity, there are exceptions. Factors
which can influence results include not only the
methods of cell separation and labelling but the type
of disease being evaluated. Since the methods most
widely used preferentially label granulocytes, it
should be expected that only those diseases associ-
ated with granulocytic infiltration will be imaged
successfully. Chronic bone infections will generally
not give a positive white cell scan result. Fractures
which are non-infected give negative white cell scan
results.

Several authorities have found that non-
infectious arthritis gave false-positive results
(Ehrlich et al. 1984), but since several non-
infectious arthritides like gout and rheumatoid
arthritis are associated with an intense inflam-
matory infiltrate in the affected joint, this is to be
expected. There is one report of a necrotic bone can-
cer giving a false-positive white cell scan result
(Sfakianakis et al. 1982). We have seen a potential
false-positive result in the skull caused simply by
hyperostosis frontalis. Bone marrow uptake of !*'In
leucocytes is a normal finding. In adults this is
restricted to axial skeleton but in children and

Table 9.1 Analysis of results from seven series using radiolabelled leucocyte imaging

Radiopharmaceutical Number of patients Sensitivity Specificity Comments
1111 oxine (Ehrlichetal. 51 patients 84, 82Y% False-positive results in inflammatory
1984) (52 scans) arthritis
False-negative results when overlying
tissue is inflamed
111]n acetylacetone 20 patients 90% — Screened first with bone scan
(Schauwecker et al. (20 scans)
1983)
11115 acetylacetone 76 100% in acute 91% Tropolone gives better early images
(Schauweker et al. osteomyelitis (4 h) than acetylacetone
1985)
vs.
tropolone 105 73% in chronic 100%
osteomyelitis
1110 acetylacetone 79 50% 92% Screened with bone scan prior to test
3 mCi (111MBq) (Well-
man et al. 1981)
111n oxine 53 62% 719 Non-infectious arthritis gives false-
700 uCi (25 900 kBq) positive results
(Fernandez et al. 1982) Closed fractures give negative results
Open fractures give false-positive
results
1117p oxine (Al-Sheikh 20 75% 69% Bone scans are more sensitive (87%)
et al. 1982) but less specific 23%
1110 oxine 80 patients 98Y% 89% Not useful for chronic osteomyelitis
500 uCi (18 500 kBq) (97 scans) Very useful for acute osteomyelitis

(Propst-Proctor et al.
1982)
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Fig. 9.2. Focal uptake of ***In white cells in tibial plateau in a
patient who was suspected of having an abdominal abscess but
who was found to have osteomyelitis of the tibia.

certain disease states, the **'In uptake can extend
peripherally. Therefore, one can anticipate some
uptake of labelled cells in normal skeleton, and
nuclear physicians must compare one side with the
other, looking for real but subtle differences in
uptake. Figure 9.2 shows focal uptake of !*'In leuco-
cytes in the tibia; this was quite unexpected since
an abdominal problem had been diagnosed
clinically.

111Tn white cell scanning is becoming more widely
used; ''In oxine white cell scan has recently been
approved by the US Food and Drug Administration.
The result is usually not available for 20-24 h. The
test gives a higher radiation dose than bone scan-
ning. For these reasons we advise that bone scan-
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ning be the first nuclear medicine procedure and
that white cell scanning be reserved for cases which
are difficult to diagnose.

Role of ¢’Ga in Diagnosis of Acute
Osteomyelitis

In 1976 it was suggested that ¢’Ga was a useful
addition to the bone scan to diagnose acute infection
(Fig. 9.3; Handmaker and Leonards 1976). As has
been pointed out, the bone scan is not always abnor-
mal; normal or cold lesions can be found. If the bone
scan does not agree with the clinical impression,
%7Ga is a valuable adjunct. The scan is generally
more abnormal than the bone scan and this lack
of congruency has been used diagnostically. It
should be recalled that the mechanisms of uptake
are not specific for infection, although they include
%7Ga labelling of leucocytes (Burleson et al. 1975),
labelling of lactoferrin at the infection site (Weiner
etal. 1978), uptake in bacteria, labelling of transfer-
rin (Hoffer 1980) and possibly others. $7Ga uptake
can be expected in benign and malignant tumours,
trauma and chronic infection but in these situations
the uptake of gallium is usually less intense. In a
recent study involving 136 patients with suspected
active osteomyelitis, all 12 who had ¢’Ga uptake
greater than ?*»Tc-MDP had active osteomyelitis.
Where the uptake was equal but distribution dif-
ferent there were 5 false-positive results out of 23;
where uptake and distribution were equal there
were 4 false-positive results out of 12 (Tumeh et al.
1985). In contrast, Ang and Gelfand (1983) des-
cribe a cold lesion on the ¢’Ga scan in acute
osteomyelitis.

Gallium scans revert to normal quickly with suc-
cessful therapy of osteomyelitis (Namey and Halla
1978), but it is probably better, certainly less expen-
sive and involves less radiation to follow the clinical
course with white cell count and sedimentation
rate.

Diagnosis of Septic Arthritis

The role of radionuclide imaging in septic arthritis
is limited because arthrocentesis and joint fluid
culture are relatively easy and diagnostic pro-
cedures. However, there are exceptions. The
sacroiliac joints are not easily accessible per-
cutaneously. Aspiration can require fluoroscopy
and general anaesthesia (Gordon and Kabins 1980).
Bacteriological confirmation of intervertebral disc
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Fig. 9.3a—c. Three-phase bone scan in patient with non-union of left tibial fracture
showing increased vascularity and intense uptake, associated with both ends of
fracture. d Radiograph. e On gallium scan there is striking increased uptake at
fracture site, confirming infection.
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infection can be difficult. In one series only 50% of
patients with vertebal osteomyelitis had positive
cultures (Ambrose et al. 1966). Atcheson et al.
(1979) reported two cases of septic arthritis in the
foot, in which the bone scan was instrumental in
identifying the correct joint for aspiration.

The differentiation of septic arthritis and
osteomyelitis from cellulitis on clinical grounds can
be difficult. Bone scintigraphy is more sensitive than
plain radiography in establishing a diagnosis
(Gilday etal. 1975; Majd and Frankel 1976;
Gordon and Kabins 1980). There are also reports
of the value of radionuclide imaging in differenti-
ating septic arthritis from inflammatory arthritis of
other aetiologies (Forrester et al. 1983; Coleman
et al. 1982).

Septic arthritis has a characteristic appearance in
skeletal scintigraphy employing °°»Tc diphos-
phonates. The scan shows symmetrical increased
activity in the juxta-articular bone on both sides of
the involved joint (Majd and Frankel 1976; Rosen-
thall et al. 1982). The findings are due to increased
delivery of tracer from branches of hyperaemic
synovial vessels supplying the epiphysis and
metaphysis. Osteomyelitis usually has a more focal
appearance, although Sullivan et al. (1980) have
reported that osteomyelitis involving a single bone
can produce similar findings.

Occasionally the scan shows normal or decreased
activity (Gilday etal. 1975; Majd and Frankel
1976; Handmaker and Leonards 1976; Maurer
et al. 1981 ; Murray 1982). The diagnosis can be
difficult in children because increased activity can
be obscured by normal tracer concentration in the
growth plates. Decreased blood flow secondary to
increased intracapsular pressure plays a probable
role. The effect of time in relation to onset of
symptoms and antibiotic therapy has not been
looked at systematically.

Majd and Frankel (1976) retrospectively studied
65 children in whom skeletal scintigraphy was used
to differentiate osteomyelitis from septic arthritis,
bone infarction and cellulitis. All seven patients with
septic arthritis proven by positive joint culture had
abnormal scans with six having the characteristic
appearance and one showing decreased activity.
There were no false-positive results. In a prospective
study of 134 children with a clinical diagnosis of
osteomyelitis, 8 of 9 patients with septic arthritis
were correctly identified (Gilday et al. 1975). There
were no false-positive results and differentiation
from cellulitis and osteomyelitis was not difficult. In
these two reports immediate blood pool images
demonstrated increased blood flow to the joint, and
blood pool images were most valuable in identifying
patients with cellulitis.
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Maurer et al. (1981) advocate the addition of a
radionuclide angiogram and blood pool image to the
conventional bone scan. In their series of 98
patients with suspected osteomyelitis, 6 patients had
isolated septic arthritis. Two patients had normal
three-phase studies. The delayed images showed
increased uptake on both sides of the joint in four
cases. However, an associated osteomyelitis could
not be excluded with certainty. The blood pool
image was helpful in localising the hyperaemia to
the joint in one patient. The radionuclide angiogram
showed increased blood flow to the joint in all four
cases. However, one case also demonstrated focally
increased flow to bone leading to an erroneous
diagnosis of an associated osteomyelitis.

There have been several reports comparing the
sensitivity and specificity of ¢’Ga citrate scintigra-
phy to bone scanning. Gallium has a theoretical
advantage over °°»Tc diphosphonates in that it is
less dependent on blood flow and does not con-
centrate as prominently in epiphyseal growth
plates. Lisbona and Rosenthall (1977a) studied 11
children with septic arthritis who were scanned
with ¢7Ga citrate one day after a bone scan with
99mTc-MDP. All 11 patients had abnormal gallium
scans, whereas the bone scan was only abnormal
in 5 patients. In another report by the same investi-
gators (Lisbona and Rosenthall 1977b), both scans
were positive in all six adults with septic arthritis.
Rosenthall et al. (1982) reviewed 500 cases of bone,
joint and soft tissue infections of which 26 were pro-
ven or probable septic arthritis. All patients were
first scanned with °°Tc-MDP followed 24-48 h
later by ¢’Ga citrate. Their results are shown in
Table 9.2. In four patients with non-septic synovitis,
both scan results were falsely positive. One patient
with pigmented villonodular synovitis had an
abnormal bone scan and a normal gallium scan.
Gordon and Kabins (1980) reported seven definite
and three probable cases of pyogenic sacroiliitis.
Eight of ten **»Tc-MDP bone scans in nine patients
were positive 2-25 days after the onset of

Table 9.2. Scan results in 26 patients with septic arthritis (Rosen-
thall et al. 1982)

MDP + MDP + MDP — MDP — Total
Ga+ Ga— Ga+ Ga—
Proved 6 1 4 2 13
Probable 11 0 0 2 13
Proved Probable Group
Sensitivity of MDP 0.54 0.84 0.69
Sensitivity of Ga 0.77 0.84 0.80
Combined sensitivity 0.84 0.84 0.84
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symptoms. Two false-negative scan results were
obtained within 4 days of the onset of symptoms.
In five cases gallium scans were performed 3—4 days
after the bone scan. All were abnormal, including
one patient who had a normal bone scan. Horgan
et al. (1983) studied three patients with pyogenic
sacroiliitis using two-phase bone scans and gallium
scintigraphy. **mTc-MDP blood pool and ¢?Ga citrate
images were abnormal in all three, but only one
patient had an unequivocally abnormal delayed
bone scan. The usefulness of ¢’Ga citrate in 91
patients with vertebral disc space infection was
examined by Bruschwein et al. (1980). Sensitivity
was 89%, specificity was 85%, positive predictive
value was 61% and negative predictive value was
97%.

There have been two studies specifically looking
at the ability of bone and gallium scans to dis-
tinguish between septic and non-septic arthritis.
Coleman et al. (1982) reported 15 cases of rheuma-
toid arthritis in which there was a suspicion of septic
joints. The patients were scanned 2.5 h after receiv-
ing 20 mCi (740 MBq) of ?°=Tc-MDP and 24 h after
receiving ¢?Ga citrate the next day. Activity over the
involved joints and adjacent proximal bone was
quantitated. A joint/bone ratio greater than 1.8 was
considered abnormal. Eight patients had culture-
positive septic arthritis. Six of those eight patients
had elevated **Tc-MDP ratios and five of eight had
elevated ¢’Ga citrate ratios. Three of seven culture-
negative patients also had elevated °°mTc-MDP
ratios and two of seven had elevated ¢’Ga citrate
ratios. When the $’Ga citrate ratio was divided by
the **mTc-MDP ratio, three of eight patients with
septic arthritis had values greater than 1, whereas
all culture-negative patients had values less than 1.
Forrester et al. (1983) used ¢’Ga citrate to evaluate
15 cases of inflammatory arthritis of unknown
aetiology. Two patients had pure septic arthritis,
two had septic arthritis superimposed on rheuma-
toid arthritis and one had infection superimposed on
severe degenerative disease. Gallium uptake was
graded on a scale of 0-2+. All infected joints
showed 2+ activity, whereas non-infected joints
showed 0 or 1+ activity. There has also been one
case report of acute rheumatic fever simulating
septic arthritis on bone and gallium scanning (Wolff
et al. 1980).

The usefulness of white blood cell scans in the
diagnosis of septic arthritis has not been fully
explored. Using dogs, McAfee et al. (1980) demon-
strated that labelled leucocytes localised better than
$7Ga citrate in acute inflammatory arthritis induced
by injection of sodium urate crystals. Fernandez
et al. (1982) reported that non-septic arthritis often
gave positive white blood cell scan results. False-
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negative scan results in septic arthritis have also
been reported (Gainey and McDougall 1984).

Summary

The bone scan with an immediate blood pool image
should be the first radionuclide study in the evalua-
tion of septic arthritis. Although the overall sen-
sitivity based on the studies quoted is only 73%, the
study can be completed in 2-3 h. If the bone scan
is normal and the clinical situation warrants further
investigation, a 24-h gallium scan should be per-
formed. The sensitivity of the gallium scan is approx-
imately 80%-90%. Both the bone scan and the
gallium scan reliably differentiate bone, joint and
soft tissue infection, but the specificity for septic
arthritis is low when other inflammatory arthritic
conditions are considered.

Diagnosis of Infected Prosthetic Joint

Arthroplasty is a common procedure whose indica-
tions include arthritis, trauma, avascular necrosis,
congenital dysplasia, and tumours. Complications
include loosening, infection, heterotopic bone for-
mation, dislocation, non-union, fracture, synovitis
and bursitis. In total hip athroplasty, loosening and
infection require removal of the prosthesis in 7.2%
and 1.5% of cases, respectively (Tapadiya et al.
1984). Infection can appear months to years after
surgery and usually produces no systemic
symptoms. If infection is recognised early it may be
successfully treated with antibiotics. Late infection
requires removal of the prosthesis, whereas loosen-
ing can be treated with prompt reimplantation.
Infection is usually associated with loosening,
whereas the converse is not true. The distinction is
often difficult to make. Radiographic signs of infec-
tion are an irregular wide area of bone resorption and
periosteal new bone formation. Using these criteria
Tehranzadeh et al. (1981) found plain radiographs
were 53% sensitive and 939% specific. Arthrography
occasionally demonstrates abscesses and sinus
tracts. Aspiration at the time of arthrography can
be diagnostic, but Dussault et al. (1977) reported 4
false-negative culture results in 12 infected hip
arthroplasties.

The earliest radionuclide studies were done with
strontium. Normal postoperative healing resulted in
increased bone activity for 6-10 months (Bauer
etal. 1973; Feith etal. 1976). When the **Tc-
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labelled diphosphonates became available, some
investigators found that bone activity returned to
normal 6-11 months postoperatively (Campeau
etal. 1976; Reing etal. 1979). Creutzig (1976)
reported that 18 of 22 asymptomatic patients with
hip prostheses had normal activity over the femoral
component 6 months postoperatively. However,
acetabular activity stabilised at 2.7 times normal by
6 months. Utz et al. (1982) studied the normal
evolutionary changes in 85 asymptomatic patients
with total hip arthroplasties. Activity over the
acetabulum, greater trochanter and tip of the
femoral component remained markedly elevated in
many patients for years, whereas activity over the
lesser trochanter and shaft became near normal
within 6 months.

Infection and loosening both result in concentra-
tion of *»Tc diphosphonate. Several investigators
have looked at the pattern and intensity of activity
in an attempt to differentiate between the two.
Pearlman (1980) examined 33 patients who com-
plained of pain following total hip replacement.
Images were obtained at 30 min and 3 h. Six
patients had infection with loosening, three had
infection only, and 26 had loosening without infec-
tion. All patients in whom infection was present had
an expanded vascular pool on the early images as
did one-third of those patients in whom infection
was absent. However, in the latter group the intesity
of this finding was significantly lower. Infection was
indistinguishable from loosening on the delayed
images. Williams et al. (1981) and MclInerney and
Hyde (1978) also found that infection and loosening
appeared similar on delayed scans.

Rushton et al. (1982) evaluated 19 infected pros-
theses in 51 patients with painful hips. One patient
had a normal bone scan. Most of the cases demon-
strated focal activity indistinguishable from loosen-
ing. Only some of the grossly infected cases exhibited
diffuse uptake. Pederson (1978) evaluated 16 cases
with painful hip prostheses and found that heavy
diffuse accumulation was seen in six patients with
infection, while one showed a focal pattern. How-
ever, the diffuse pattern was not specific for infec-
tion. It was also seen in one patient with complete
loosening, one patient allergic to the metal com-
ponents and in one patient in whom no cause for
pain could be found. The non-specificity of a diffuse
pattern was supported by Williamson et al. (1979).
In their report of 20 patients with painful hip pros-
theses, both patients with infection were in this cate-
gory, as were four with loosening and one with
severe synovitis. Tehranzadeh et al. (1981) studied
89 patients with 94 failed total hip prostheses
requiring surgery. Twenty-seven patients had bone
scans. All nine patients with infection exhibited dif-
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fuse high activity around both components, as did
two patients in whom only loosening was present.

There have been several reports comparing the
accuracy of ¢’Ga citrate to bone scanning in
diagnosing complications of arthroplasty. Reing
et al. (1979) evaluated 79 cases involving different
kinds of painful prostheses and found that all 19
patients with abnormal gallium scans at 24 h had
positive intraoperative cultures. One additional
patient with a positive culture had an abnormal
bone scan and a normal gallium scan. Rosenthall
et al. (1979) studied 46 patients with prostheses or
fixing devices who were asymptomatic or had
various complications. Twelve patients had normal
gallium scans and 16 had mild to moderate gallium
uptake in a pattern congruent to the bone scan.
None of them were infected. Eighteen patients had
abnormal gallium and bone scans with incongruent
patterns. Two had non-septic synovitis, while the
remaining 16 had osteomyelitis. Horoszowski et al.
(1980) studied 14 patients with painful hip pros-
theses and an abnormal bone scan. Eight patients
had an abnormal gallium scan. Six of them had
proven infection. In the four patients with a normal
gallium scan, pain was due to fracture or
heterotopic bone. Two patients had non-diagnostic
scans. Williams et al. (1981) found that gallium
scanning was 93% sensitive and 919% specific for
infection in their study of 30 patients with painful
total hip replacement. In contrast to the report of
Rosenthall et al. (1979) the bone and gallium scans
were congruent in half the cases with proven infec-
tion. Rushton et al. (1982) reported 100% accuracy
of the gallium scan in 18 patients with non-infected
loose prostheses, 13 with infected prostheses, 5 with
other complications, and 23 controls.

11In-labelled leucocytes are generally regarded
as more specific for infection than gallium. Normal
postoperative healing does not give false-positive
leucocyte scan results. Mountford et al. (1982)
reported two cases of painful hip prostheses less than
6 months after operation. Both patients had abnor-
mal bone scans. The leucocyte scan was correct in
identifying infection in one patient and excluding
infection in the other. Slight asymmetry of uptake
of labelled cells deserves careful evaluation, and
abnormalities can be quite subtle. Figure 9.4 shows
spot views of ''In white cells in an infected pro-
sthetic shoulder.

Mulamba et al. (1983) studied 30 patients with
painful hip arthroplasties. Leucocyte scans were
done preoperatively and the results compared with
culture taken at the time of surgery. The scan was
abnormal in 12 of 13 culture-positive patients.
There were no false-positive scan results. McKillop
et al. (1984) compared gallium and **!In-labelled
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leucocytes in 15 patients with painful hip arth-
roplasties at least 1 year after operation. Of the six
patients with infection, five had abnormal gallium
scans and three had abnormal leucocyte scans.
There were two false-positive gallium scan results,
whereas the leucocyte scan was 100% specific.
From the combined data of the reports cited, the
sensitivity of **»Tc diphosphonate (diffuse pattern),
$7Ga citrate and !''In-labelled leucocytes in infected
arthroplasty is 94%, 96% and 80% respectively. The
specificity is 75%, 86% and 1009% respectively.

Summary

1. A normal bone or gallium scan makes infection
in a prosthetic joint very unlikely.

2. A diffuse pattern on bone scan and an incon-
gruent pattern of ?°»Tc diphosphonate and ¢’Ga
citrate with more abnormality on ¢’Ga is highly
suggestive of infection.

3. An abnormal *!In leucocyte scan establishes the
diagnosis with reasonable certainty.

Chronic Osteomyelitis

The pathological finding in chronic osteomyelitis
differs from the acute condition in several ways. The
inflammatory cell infiltrate is less marked and
lymphocytes and plasma cells predominate, not
polymorphonuclears. There can be both destruction
and remodelling of bone. As a result of bone repair,
the static bone scan is abnormal, although flow and
blood pool can be normal. Unfortunately, as dis-
cussed above (see p. 109), bone scan remains abnor-
mal for months after successful treatment of acute
osteomyelitis. Consequently, it is difficult to deter-
mine from scanning alone if one is dealing with
healing or chronic disease. If the flow study, blood
pool and static images are abnormal, the pattern is
suggestive of acute relapse of chronic osteomyelitis
(Fig. 9.5) or chronic active osteomyelitis.

The gallium scan is abnormal in chronic
osteomylelitis and, depending on the outlook of
investigators, this can be interpreted as either bene-
ficial or not. Clearly, if the aim is to differentiate
acute from'chronic disease, this is not possible. How-
ever, if all that is required is to show an abnormality,
57Ga will do this. It has been our experience that
the ''In white cell scan, in which the majority of
labelled cells are polymorphonuclears, is usually
normal in chronic osteomyelitis (Propst-Proctor
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Fig. 9.4. Intense uptake of '*'In white cells (arrow) in an infected
prosthetic shoulder joint.

et al. 1982). Propst-Proctor et al. (1982) defined
chronic infection as being of more than 6 weeks’
duration. Goodwin et al. (1980) have shown that
1In-labelled lymphocytes give positive results
when the routirie white cell scan is normal. Never-
theless, the ''In lymphocyte scan should be con-
sidered a research rather than routine clinical
procedure, and in most cases of chronic
osteomyelitis it will not be necessary. In contrast,
Merkel et al. (1985) found the ''In white cell scan
was valuable in subacute and chronic
musculoskeletal disorders; indeed it was superior to
the gallium scan in the same patients. The dif-
ferences between these studies could be due to selec-
tion of patients. In addition, many of the patients
studied by Merkel et al. (1985) had undergone
surgery, and these authors suggest that they had
a significant proportion of lymphocytes (30%) in
their white cell preparation which could account for
their findings.

Recently, Sayle et al. (1985) reported excellent
results in diagnosing chronic osteomyelitis using 2—
3 mCi(74-111MBq) '*'In chloride and images at 48
or 72 h. In this series there were 54 true-positive,
7 true-negative, 4 false-positive and 3 false-negative
results. Because very few ‘‘normals” were studied,
the specificity was low (64%); however sensitivity
was high (95%), leading the authors to conclude
that this radiopharmaceutical is the agent of choice
for diagnosing chronic osteomyelitis. *°mTc-MDP
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Fig. 9.5. a— Three-phase bone scan showing
increased vascularity and intense uptake in patient
with acute relapse of chronic osteomyelitis in the left
femur. d Radiograph. e Following therapy there has
been improvement in scan appearances.



118

blood pool images were obtained in 46 patients.
The specificity was only 20%. Since ***In chloride
localises in acute and chronic inflammation as well
as in some neoplasms, it would be prudent to
monitor subsequent reports from Sayle et al. (1985)
to judge their ability to differentiate these condi-
tions. Of considerable interest was the fact that non-
infected healing fractures of 3-8 months’ duration
gave negative results on the *'*In chloride scan.

We question whether the clinicians need a scan
to diagnose chronic osteomyelitis. In many cases the
clinical evidence and standard radiographs will be
sufficient. Since ?°»Tc diphosphonate, ¢’Ga and
11111 chloride are all sensitive, but not specific scan-
ning procedures, the simplest and quickest, namely
the bone scan, is advised. However, if the clinical
problem is acute exacerbation of chronic osteo-
myelitis, the ***In white cell scan is advised.

Role of Single Photon Emission
Computed Tomography of Skeleton

There are reports of the value of single photon emis-
sion computed tomography (SPECT) imaging of
skeletal lesions including osteomyelitis (Corbus
et al. 1983). The site of the lesion must be known
a priori so that tomographic cuts can be made;
therefore planar whole-body and spot images
should be employed first. Some authorities have
then made tomographic images of abnormal sites.
However, we question whether the time involved
advances the diagnostic information. In contrast, if
there is suspicion in one area which is normal on
standard imaging, there are reports of SPECT show-
ing a previously undiagnosed abnormality, particu-
larly in the spine and pelvis. SPECT is also helpful
when the abnormal region is hidden, for example
a pelvic lesion behind a full bladder, although ureth-
ral catheterisation or delayed 12-24 h scans will
usually suffice.
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10 - The Bone Scan in Traumatic and Sports Injuries

P. Matin

Introduction

With the increasing emphasis on fitness and exer-
cise in our society, we are seeing an ever-increasing
incidence of athletically related bone and soft tissue
injuries. Although radiography is the primary diag-
nostic modality for detection of skeletal trauma,
there are many occasions when radiographs may
initially fail to diagnose an injury. Also, there are
several types of injuries which are not diagnosable
by routine radiographic methods but can be detec-
ted easily by nuclear medicine techniques.

There are four primary categories of injury where
nuclear medicine techniques may be of use. These
include (1) stress fracture and periosteal injury; (2)
covert fractures; (3) joint abnormalities and injuries
to connective tissues, especially where they attach
to bone; and (4) acute skeletal muscle injury and
rhabdomyolysis. One of the most important features
of the use of nuclear medicine techniques in the
evaluation of sports and traumatic injury is the
ability, in most cases, to be able to differentiate
among these various categories. Other uses of
nuclear medicine techniques discussed in this chap-
ter include the evaluation of the vascularity of the
osseous structures in the region of injury, and the
evaluation of delayed union and non-union of
fracture.

Stress Fractures and Periosteal
Injury

Stress fractures result when stresses applied to bone
create changes in the bone which are greater than

the body’s ability to counteract them. The resulting
injury is probably due to bone resorption being
much greater than bone replacement (Roub et al.
1979). These injuries, also known as fatigue frac-
tures, are frequently seen in runners and other ath-
letes whose training regimen produces unusually
large stresses on individual osseous structures. They
are also frequently found in military recruits and
other athletically untrained individuals who partici-
pate in new types of training exercises. Also, persons
with biomechanical abnormalities of their walking
or running gait may be prone to these types of
injuries (Prather et al. 1977 ; Meurman and Elfving
1980; Norfray et al. 1980; Matin 1982 ; Brill 1983;
Holder and Matthews 1984).

Radiographs are known to be of little use in
detecting acute stress fractures; therefore, the
diagnosis of these abnormalities has become depen-
dent primarily on nuclear medicine techniques.
When the detection of stress fractures by nuclear
medicine techniques was first popularised several
years ago, it became common practice to call any
athletically related skeletal abnormality detected on
a bone scan a “‘stress fracture”. However, improve-
ment in the spatial resolution of bone scintigraphs
in recent years now allows us to differentiate
between varying stages of skeletal injury. An entire
spectrum of abnormalities from minimal periosteal
reaction to true stress fracture is now appreciated.
A minimal periosteal reaction might be seen on a
bone scan as a faint linear band of increased radio-
nuclide concentration along the periphery of a bone,
while a true stress fracture would be seen as a fusi-
form abnormality extending throughout the entire
cortex of the bone. It is obvious that the differenti-
ation will require at least two views of an individual
bone in order to make this analysis. For example,
what may appear to be a complete transverse abnor-
mality in the tibia in the anterior view may be seen
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Fig. 10.1a,b. Periosteal reaction in the right tibia of an ultramarathon runner. The anterior view of the tibiae (a) shows what
appears to be a full-thickness abnormality in the cortex of the right tibia. This would appear to be a Stage V lesion. However,
the lateral view (b) shows that the lesion is superficial and is actually Stage II. An incidental finding in this illustration is increased
muscle uptake of the radionuclide, demonstrating rhabdomyolysis, primarily in the calf of the left leg.

Normal Accelerated
NORMAL remodelling remodelling Fatigue Exhaustion CORTICAL
UNSTRESSED ~— —-
BONE Resorption = Replacement  Resorption > Replacement  Resorption >> Replacement Resorption >>> Replacement FRACTURE
Cortex weakened by Cortex buttressed by
resorption cavities periosteal and
endosteal bone
Pain
- — —— — ——
(+) Radionuclide image
- ————
Non-descript, poorly defined Focal, fusiform, sharply
area of slightly increased marginated area of increased
activity activity

{+) Radiographs

>

-
Vague lucent Periosteal and
cortical areas endosteal thickening

Fig. 10.2. The continuum of bone response to increasing levels of stress and the manner in which factors of pain, radionuclide
images and radiographs relate at any given level of stress. {Adapted from Roub et al. 1979)
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to be a superficial abnormality in the anterior aspect
of the tibia in a lateral view. Figure 10.1 is an exam-
ple of this type of injury in a young runner. The cor-
rect interpretation that the injury was a periosteal
reaction rather than a true stress fracture required
both the anterior and lateral views.

The treatment of the various types of injuries will
differ according to the extent of injury. For example,
a true stress fracture of the tibia may require
immobilisation, approximately 6 weeks of complete
rest, or at least a marked change in regimen so that
the tibia is no longer put under stress. However, a
minimal periosteal reaction may require only a
week or two of rest from the offending activity.
Consequently, the differentiation is often very
important in the management of the patient. Casts
or other immobilisation devices are usually not
required in the treatment of periosteal reaction or
stress fracture, unless, of course, the athlete would
not comply with the physician or trainer’s request
to discontinue or change his training regimen.

When I first suggested that this differentiation be
made, I included two categories—true stress frac-
ture and periosteal reaction (Matin 1982, 1983).
Since that time it has been suggested that we utilise
additional categories for the description of these
types of injuries (Zwas et al. 1985). In actuality,
there is probably a continuous spectrum of abnor-
mality which can be explained by the diagram
developed by Roub et al. (1979), which is shown
as Fig. 10.2. The figure shows that the spectrum of
injuries extends from the minimal periosteal injury
described above to true stress fractures, according
to the amount of stress applied to the bone and the
inability of the osseous structure to respond. The
figure also shows where nuclear medicine tech-
niques begin to show the abnormality and where
radiographs are finally useful in the detection of
these injuries.

Table 10.1. Stages of bone involvement in periosteal reaction/
stress fracture

Stage of injury  Percentageof  Verbal description

bone involved

1 0-20 Minimal periosteal reaction
I 20-40 Moderate periosteal reaction
m 40-60 Early stress fracture

v 60-80 True stress fracture

\ 80-100 Full-thickness stress fracture

Suggested relationship of the depth of increased radionuclide con-
centration in a bone to the descriptive stage of the injury. This
is a simplification since there is probably a continuous spectrum
of injury from normal to Stage V. Stages I and II will usually
not be seen on radiographs, while Stages IV and V will usually
be seen eventually on radiographs. At least two views of the bone
scan, e.g. anterior and lateral, of the involved bone are required.
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Although there is a complete spectrum of abnor-
malities I would suggest that, for simplicity, we use
a five-stage description of the abnormalities, such
as outlined in Table 10.1. Stage I would represent
a very minimal periosteal abnormality with less
than 20% of the osseous structure being involved,
while Stage V would be a true stress fracture with
over 80% of the thickness of the bone being
involved. The management of these injuries could
probably be handled in a manner similar to that sug-
gested earlier (i.e. the lesser abnormalities would
require only a week or two of rest, while the more
significant injuries would require the full 6 weeks
or so of treatment).

It has been our general experience that the lesser
periosteal abnormalities will never show an abnor-
mality on the radiograph, while the more severe
injuries, such as the Stage IV or V stress fracture
will eventually develop radiographic abnormalities
after a week to 10 days following the onset of pain.
Of course, many athletes will experience pain and
yet continue to carry out their training regimen.
This would continue to produce an increasing
abnormality in many cases.

Figure 10.3 is an example of periosteal injury and
stress fracture in the tibiae of a young runner. The
right tibia exhibits a Stage II periosteal reaction. It
is interesting that, in the lateral view, the left tibia

Fig. 10.3. Anterior scintigraph of the lower extremities of a young
patient showing a stress fracture (Stage IV) in the right tibia and
a periosteal reaction (Stage IT) in the left tibia. Only the right tibial
lesion eventually demonstrated an abnormality in a radiograph
performed approximately a week after the scintigraph. (Matin
1982)
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Fig. 10.4a,b. Healing of the tibial injuries demonstrated in the patient shown in Fig. 10.3. a A scintigraph obtained 3 months after
the initial study. The stress fracture in the right tibia is still visnalised, but less intensely than on the original study. The periosteal
reaction in the left tibia has almost returned to normal. b A follow-up study obtained 6 months after the original scintigraphs.
It shows only a trace of increased radionuclide concentration in the right tibia. The dark dot in both illustrations is a marker denoting

the left tibia. (Matin 1982).

also appeared to be a more extensive abnormality.
In addition to the fact that the patients with the
more significant injuries require a longer period of
rest before returning to their training programmes,
the follow-up scintigraphs also show the lesser
injuries reverting to normal more quickly. Figure
10.4 shows the follow-up studies on the patient in
Fig. 10.3 at 3 months and 6 months after the orig-
inal bone scan.

Shin splints is an injury discussed in more detail
below. However, shin splints can often be detected
on bone scintigraphs with the characteristic appear-
ance of an elongated superficial band of increased
radionuclide concentration along the posterior
medial aspect of the tibia. This may be due to the
fact that at least some of the pain is caused by effects
of muscle activity upon bone at the sites where the
muscle or connective tissues attach to the bone.

Fig. 10.5. Scintigraphs of the feet in a long-distance
hiker. The fourth and fifth metatarsals of the left foot
show markedly increased radionuclide concentration
indicating ‘‘march fractures”. The injury occurred
approximately 5 days before the scintigraphs were
obtained. Radiographs became abnormal
approximately a week later. (Matin 1982)
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Abnormalities such as this have been -called
enthesopathies.

Figure 10.5 is an example of a stress fracture in
the fourth and fifth metatarsals of a long-distance
hiker. These “march fractures” occurred approx-
imately 5 days prior to the scintigraphs. Radio-

graphs became abnormal in this region
approximately 1 week later.

Shin Splints and Enthesopathy

As mentioned previously, the term ‘‘enthes-

opathies” refers to an injury where muscles,
tendons or other connective tissues attach to bone.
Classic “‘shin splints” is probably at least partially
due to this type of injury. Although the term “‘shin
splints” has been used as a generic term for pain
involving the lower portions of the legs, the more
exact definition refers to the posterior medial aspect
of the tibiae. Nuclear medicine studies have shown
that patients with true shin splints have the charac-
teristic finding of increased radionuclide concentra-
tion along the posterior medial border of the tibia
(Brill 1983; Holder and Matthews 1984). A
presumed mechanism for this injury is increased

Fig. 10.6. A classic “shin splint” is shown in this lateral view
of the right leg. The marker points to an elongated region of
increased radionuclide concentration in the posterior medial
aspect of the tibia.
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Fig. 10.7. Stage I periosteal reaction in the posterior tibia of a
runner. The appearance is similar to that demonstrated in
Fig. 10.6, but lesss intensely abnormal. The marker points to the
abnormality.

stress on the skeletal structures in this region produ-
ced by the muscles, or perhaps Sharpey’s fibres, pull-
ing upon the periosteum of the bone. This causes
an increased metabolic response, with subsequent
increased deposition of the radionuclide tracer along
the periphery of the bone.

The scintigraphic appearance of this abnormality
is very similar to that of periosteal reaction. Figure
10.6 is an example of shin splints in a long-distance
runner. The abnormality is seen as an elongated
region of slightly increased radionuclide concentra-
tion along the posterior medial aspect of the tibiae.
Note the similarity in appearance to the patient with
a Stage I periosteal reaction of the tibia shown in
Fig. 10.7. Other examples of enthesopathy would
include inflammation of the pubic symphysis, also
known as osteitis pubis, which may be found in ath-
letes who overuse the abdominal or gracilus
muscles.

Plantar fasciitis may also be considered an
enthesopathy, since the plantar fascia originates
from the medial tuberosity of the calcaneus.
Increased radionuclide concentration at the region
of the medial tuberosity of the calcaneus can help
with the diagnosis, although retrocalcaneal bursitis,
Achilles tendonitis or a calcaneal stress fracture
may also produce a similar appearance. Emission
tomography may prove to be useful in the differen-
tial diagnosis.
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Covert Fractures

There are occasional instances when initial radio-
graphs of a suspected fracture may not show the
typical findings of fracture, but they are later detec-
ted in subsequent radiographs. Among the most
common examples of covert fractures, also known
as occult fractures, are injuries of the carpal nav-
icular bone and non-displaced fractures of the hip,
especially in older osteoporotic patients. In most
instances, these injuries can be detected with
nuclear medicine scintigraphy within a day of
injury, especially in younger patients (Matin 1979).
Even in older patients the bone scan is usually
abnormal at the fracture site within 72 h of injury.
Considering the fact that these patients may not
develop radiographic abnormalities for 7-10 days,
the earlier diagnosis is usually quite helpful. It is also
useful to be able to rule out a fracture of the carpal
navicular bone so that a splint, cast or other
immobilisation device is not used unnecessarily.
Figure 10.8 is an example of an acute traumatic
fracture of the carpal navicular bone in a 15-year-
old youth who fell onto his outstretched hand. The
initial radiograph did not demonstrate the fracture,
although he had typical pain and swelling usually
associated with a fracture of the carpal navicular
bone. It is also interesting to note in the illustration

Fig. 10.8. Scintigraph demonstrating a fracture of the carpal nav-
icular bone in a teenage boy imaged approximately 6 h after
injury. Increased tracer concentration at the fracture site is equal
to that of his epiphyses. (Matin 1982)
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Fig. 10.9a—c. Three successive SPECT images in the coronal
plane of a patient with a recent compression fracture of the 5th
lumbar vertebra. Note the increased radionuclide concentration
in L-5 which appears most intense in the middle frame. This illus-
trates the benefit of the use of SPECT when attempting to isolate
an abnormality to a given vertebra.

that the region of the fracture has quite intense
uptake of the radionuclide. In fact, it is equal to, or
exceeds, the radionuclide concentration in the
region of the distal radial and ulnar growth plates.
At times it can be difficult to tell soft tissue trauma
from a fracture on the early nuclear medicine
images. Typically, the fracture is isolated to skeletal
structures, is more discrete in appearance, and is
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usually more intensely abnormal than soft tissue
injuries such as haematomas or sprains. However,
at times the differentiation may be difficult and
delayed images at 8—24 h after injection may be use-
ful. Experience in the interpretation of these studies,
as well as physical examination, usually proves to
be a very valuable asset in differentiating soft tissue
from skeletal trauma. The development of the
nuclear medicine tomographic camera now allows
tomographic studies, such as single photon emission
computed tomography (SPECT), of regions of
suspected fracture. By using localised images in
multiple planes the abnormality can be isolated to
a single bone, or even a portion of a bone, in many
cases. Figure 10.9 is an example of a vertebral frac-
ture in a patient who was involved in an automobile
accident. The initial radiographs were suggestive of
a fracture, but the use of SPECT helped to confirm
the presence of the non-displaced fracture of the
vertebral body.

Traumatic Fractures

Several years ago it was believed that traumatic
fractures would not appear on a bone scan for
several days following the injury. However,
improvements in imaging techniques and the use
of the newer radiopharmaceuticals available in
most nuclear medicine departments allow for the
detection of fractures by bone scintigraphy within
hours of injury. As shown in Table 10.2, adapted
from a study performed a few years ago, fractures
were detected within 24 h of an injury in approx-
imately 95% of patients under 65 years old (Matin
1979). In older patients, many of whom were
osteoporotic, the detection of the fractures could be
delayed by 48—72 h. Since this study was originally
published in 1979, we have performed bone scans
for suspected fracture in over 1000 patients. In only
one instance was the fracture not detected by a bone
scan, although delayed radiographs did show a dis-
tinct fracture line. This solitary exception to the rule
occurred in a young man with a fractured mandible.

Table 10.2. Time after fracture at which bone scan becomes
abnormal (Matin 1979)

Time after Patients Number Percentage Percentage

fracture studied with abnormal abnormal
abnormal under 65
scans years

1 day 20 16 80 95

3 days 39 37 95 100

1 week 60 59 98 100
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It must be emphasised that good-quality images
are required for the detection of fractures. We have
found that improved quality images can be obtained
in most patients if delayed images at 8—24 h after
injection are performed. This allows the soft tissue
clearance of radionuclide to become maximal and
a focal abnormality is often easily detected because
of the improved “‘target/background” ratio.

There are other variations in technique which
may be helpful in detecting a covert fracture of the
hip in an older patient. We have found that
catheterisation of the urinary bladder is useful since
many of these patients have a difficult time voiding,
and the retained radionuclide in the bladder may
obscure or hinder visualisation of the hip regions.
Also, views in the posterior or lateral projection, or
even oblique views, may be helpful in detecting the
fracture. A lead shield over the urinary bladder may
also help to improve the quality of the images of the
hips.

We have also found that the scintigraphic pattern
of fractures changes over a period of time, with three
rather distinct stages being apparent. The first phase
(acute stage) persists for approximately 2—4 weeks
after injury and is characterised by a diffuse region
of increased tracer concentration around the frac-
ture site. A distinct fracture line may be seen in this
stage, especially in delayed images. The second
phase (subacute stage) is characterised by a well-
defined linear abnormality at the site of the fracture.
This stage lasts approximately 8-12 weeks and
shows the most intense uptake at the fracture site.
The third phase (healing stage) is characterised by
a gradual diminution in the intensity of the abnor-
mality until the bone scan returns to normal. Figure
10.10 demonstrates the three stages in a 29-year-
old woman who was thrown from a horse and
sustained a compression fracture of the first lumbar
vertebra. The first scintigraph, obtained approx-
imately 24 h after injury, shows a rather diffuse area
of increased tracer concentration in the superior
aspect of L-1. The second scintigraph, obtained
approximately 2 months after injury, shows an
intense well-defined band of increased tracer con-
centration at the fracture site. The third scintigraph
was obtained approximately 6 months after her
accident and shows the gradual decrease in radio-
nuclide concentration typically seen during the
healing stage. The final scintigraph was obtained
approximately 9 months after her accident and
shows no evidence of abnormality.

The time for fractures to return to normal on bone
scintigraphs extends well beyond the time for clini-
cal or even radiographic healing. This is because the
scintigraph depicts the increased metabolic activity
and bone remodelling which usually takes place for
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a considerably longer time than might be expected
clinically.

Table 10.3 summarises the time it took for
various types of fractures to return to normal on
bone scintigraphs. The table only includes non-
manipulated closed fractures which were reduced
by closed reduction. Compound fractures and frac-
tures which are reduced in open surgery or treated
with orthopaedic devices such as rods or screws
require a considerably longer time for the bone scan
to return to normal. The table shows the percentage
of bone scans in patients with closed reductions that
had become normal at the fracture site by 1, 2 and
3 years after injury. It also shows the minimum time
for fractures to return to normal for various types
of bones. As seen in the table, by 2 years after injury
approximately 90% of the fractures had returned to
normal. By 3 years after injury the percentage
approached 1009%. Rib fractures showed the most
rapid healing, with approximately 80% of the
studies being normal by 1 year after injury.

There are rare cases where a patient who had a
simple fracture with closed reduction may show
increased radionuclide concentration at the fracture
site for many years after injury. For some reason,
their fractures must have a continuing increase in
metabolic activity, increased vascularity or other

Table 10.3. Normal bone scans at fracture site (Matin 1979)
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Fig. 10.10. Stages of healing in a 29-year-old female
with compression fracture of the first lumbar vertebra.
The initial scintigraph was obtained 24 h after injury.
The others were obtained at 2 months, 6 months and
9 months after injury. The scintigraph returned to
normal by the 9-month study. (Matin 1982)

process at the fracture site. Patients with delayed
union or non-union may also show prolonged
periods of radionuclide concentration at the fracture
site.

Delayed Union and Non-union

A distinction between delayed union and non-union
may be difficult both clinically and scintigraphi-
cally; however, nuclear medicine procedures may
be of assistance in making the differentiation. The
bone scan may also help to determine which
patients may be aided by the use of percutaneous
electrical stimulation (galvanic stimulation) and
which patients may eventually need a bone graft or
other surgical procedure.

True non-union can be defined as the failure of
a fracture site to heal completely by 6—8 months
after injury. This entity, which occurs in approx-
imately 5% of all fractures, is more likely when the
fracture is open (compound), comminuted,
immobilised for an insufficient time, insecurely fixed
or kept from healing by improperly placed
orthopaedic devices. Physiological factors which

Number Normalat Normalat Normalat Minimum time
studied 1 year 2 years 3 years to normal
Vertebrae 32 19 (59%) 29 (90%) 31(97%) 7 months
Long bones 22 14 (64%) 20(91%) 21 (95%) 6 months
Ribs 28 22(79%) 26 (93%) 28 (100%) 5 months
Miscellaneous 20 12 (60%) 18 (90%) 19 (95%) 6 months
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may increase the probability of non-union include
infection, inadequate blood supply, poor nutritional
status, osteoporosis and metabolic abnormalities,
especially those which involve bone metabolism
such as hyperthyroidism. The incidence of non-
union is greatest in the tibia and femur, with a lesser
degree in humerus, radius, ulna and clavicle (Gart-
land 1979). Two types of non-union have been des-
cribed according to the amount of metabolic activity
at the fracture site. The two types are atrophic non-
union, in which there is a diminution of radio-
activity at the fracture site when compared with the
expected intensity of tracer concentration, and reac-
tive non-union, when the tracer concentration is
normal or increased (Rosenthall and Lisbona 1980).

Atrophic non-union may be evidenced by a
generalised decrease in radionuclide concentration
in the region of the bone fragments or by a zone
of essentially absent radioactivity at the fracture
site. The generalised decrease probably reflects the
inability of the bone ends to respond properly to the
healing process while the focal ‘“photopaenic”
{(decreased tracer concentration) area may often be
due to pseudoarthrosis, the interposition of soft tis-
sues, the location of an infectious process, or region
of interrupted blood supply. True pseudoarthroses
may form at the fracture site with the presence of

Fig. 10.11. Atrophic non-union in the distal tibia of a young man
approximately 1 year after injury. The scintigraph shows a well-
pronounced region of decreased radionuclide concentration, sur-
rounded by areas of increased radionuclide uptake in the fracture
fragments. (Matin 1982)
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Fig. 10.12. Scintigraph of reactive non-union in the radius of a
rodeo cowboy approximately 2 years after fracture. Increased
tracer concentration is greater than expected at the fracture site
this long after injury. He originally suffered an extensive com-
minuted fracture. (Matin 1982)

an actual joint-like synovial lined cavity containing
synovial fluid. In a group of patients with non-union
of the atrophic type, the use of percutaneous electri-
cal stimulation did not appear to help stimulate bone
healing. However, the patients with reactive non-
union showed significant improvement following
percutaneous electrical stimulation (Desai et al.
1980). Figure 10.11 is an example of a patient with
atrophic non-union. Figure 10.12 demonstrates the
appearance of reactive non-union in the forearm of
arodeo cowboy 2 years after his accident.

At this time it is still very difficult, if not imposs-
ible, to tell delayed union from reactive non-union
in many cases. The fact that there is continued
metabolic activity at the fracture site usually means
that the fracture fragments are still metabolically
active and that percutaneous electrical stimulation
may be useful. In patients with atrophic non-union,
bone graft or other orthopaedic intervention is usu-
ally required.

Delayed union could possibly be diagnosed by
comparing the intensity of a fracture site in a suspec-
ted case of non-union with studies of patients with
fractures of similar osseous structures. A reference
file of patients with fractures of various bones at
varying times after injury would be useful for mak-
ing these comparisons.
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Radionuclide Arthroscopy

Several institutions have utilised radionuclide arth-
roscopy for the evaluation of joint space abnormali-
ties (Abdel-Dayem et al. 1981). In most cases, the
studies are of maximum benefit when one is
attempting to evaluate synovial leaks, bursa
enlargement, cysts and similar abnormalities. An
example of the use of radionuclide arthroscopy in
the diagnosis of a Baker’s cyst of the knee is given
in Fig. 10.13: Fig. 10.13a depicts a routine radio-
graph performed after the instillation of a standard
contrast agent into the knee; Fig. 10.13b is an
example of radionuclide arthrography which was
performed following the instillation of *°=Tc sulphur
colloid into the joint space.

Although the usefulness of injection of radio-
nuclides into joints has been discussed in the past,
it was primarily for the treatment of effusions or
other therapeutic purposes. Radionuclide arth-
rography for diagnostic purposes shows promise
because of the very small amount of radionuclide
which is required. Only 0.5-1 ml of **™Tc sulphur
colloid is required for good visualisation. The radi-
ation dose is minimal, since only 0.5 mCi
(18.5 MBq) of the radiopharmaceutical is required.
The benefits of radionuclide arthrography include
the very low radiation dose, the minimal volume of
injected material and the absence of chemical
synovitis or allergenicity. Also, certain abnormali-
ties might be detected more readily, although the
procedure will certainly never replace contrast radi-
ography of the knee or arthroscopy.

The Bone Scan in Traumatic and Sports Injuries

Detection of Skeletal Muscle Injury

It has been known for many years that nuclear
medicine bone-imaging agents will localise in areas
of acutely necrotic muscle. This knowledge has been
put to practical use for several years by the perform-
ance of “myocardial infarct” scans to help detect
myocardial infarcts which are difficult to diagnose
by electrocardiogram or enzymatic changes
(Werner et al. 1977). There were occasional reports
of bone-imaging agents localising in areas of idio-
pathic rhabdomyolysis, electrical burn, excessive
exercise and other types of skeletal injuries (Brill
1981).

We were fortunate to participate in the studies
involving ultra marathon runners who ran 50 and
100 continuous miles, including the Western States
Endurance 100-mile Race. This race involves the
running of 100 continuous miles through the pion-
eer trails of the Sierra Nevada mountains and
foothills. From these studies we learned that it is not
uncommon to find large amounts of skeletal muscle
concentration of bone-seeking radiopharmaceuti-
cals localised to areas of muscle damage (Matin et
al. 1983). Interestingly, the amount of muscle
damage appears to correlate with the degree of the
enzyme creatinine kinase (CPK or CK) in the blood
stream. Also, the concentration of the MB
isoenzyme of creatinine kinase, which was thought
to be solely of cardiac muscle origin, was also found
in large concentrations in blood samples obtained
from the runners who demonstrated rhabdo-
myolysis on their bone scans. Figure 10.14 is an

b

Fig. 10.13a,b. Scintigraphic arthrography of a knee joint showing a Baker’s cyst located behind a normal-appearing subpatellar
pouch. a Contrast radiograph b lateral and medial scintigraphs. (Abdel-Dayem et al. 1981)
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Fig. 10.14. Scintigraph of the lower
extremities of an ultramarathon
runner who completed 62 miles of a
100-mile race. This anterior view
shows markedly increased
radionuclide concentration in several
muscle groups, indicating
rhabdomyolysis in these muscles.
The skeletal abnormality in the right
tibia was present prior to the race
and is shown in Fig. 10.1.
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illustration of a rather extreme example of muscle
injury in the thigh and calf muscles of a runner who
completed 62 miles of the 100 mile race before hav-
ing to withdraw because of severe leg pain.

We have learned that the amount of radionuclide
concentration in the muscle is generally propor-
tional to the creatinine kinase elevation and, in
general, to the degree of pain experienced by the ath-
lete. This, of course, is subjective because of the
varying pain tolerance in individuals. Follow-up
studies showed that the muscle injury is no longer
detectable by bone scan by approximately 1 week
after the muscle injury. This is essentially the same
time course found when studying patients who have
had acute myocardial infarcts.

The explanation of why the bone-imaging agents
detect muscle necrosis probably begins with an
influx of calcium ions into acutely necrotic muscle.
The phosphate bone-imaging agents follow the cal-
cium and become concentrated in the acutely
necrotic muscle cells, where they may be imaged
with any standard nuclear medicine camera. The
scintigraphs are usually abnormal within a few
hours of the injury. The most intense abnormality
on the bone scan appears to be within 24-48 h of
injury, with a gradual decrease in the intensity of
the abnormality until the region of muscle injury
is no longer detected.

The individual muscles involved can usually be
well delineated. The use of emission tomographic
imaging has helped in the analysis of which indi-
vidual muscles are involved. This information can
be of considerable use when attempting to correct
the gait of a runner who demonstrates muscle injury
only to isolated muscle groups. Of course, overuse
is the most typical cause for the rhabdomyolysis
associated with extreme exercise. The only treat-
ment required, in our experience, is rest of the mus-
cles until the pain experienced by running has
subsided. This technique has also been useful in
studying acute muscle injuries experienced by other
athletes such as hurdlers, football players, weight
lifters etc.

Figure 10.15 is an example of a runner who
experienced pain in his thighs following a 100-mile
foot race. The bone scan was performed approx-
imately 24 h after the race, with a repeat study

Fig. 10.15. a Demonstrates increased muscle concentration in an

ultramarathon runner who completed the entire 100-mile ultramarathon

race. The abnormalities are present in several muscle groups but are less

intense than those demonstrated in Fig. 10.14. b Follow-up study

performed 5 days after the original study. Note that the abnormalities in
b  his muscles have completely disappeared.
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approximately 5 days following the initial examina-
tion. The initial study shows significantly increased
muscle uptake in the quadriceps and hamstring
muscles. The follow-up study, performed approx-
imately 6 days after the race, was completely
normal.

An interesting sequel to these findings is that the
incorrect diagnosis of myocardial infarction may
have been applied to some older runners who col-
lapsed during strenuous long-distance running
events. It is possible that these patients were admit-
ted to the hospital where an electrocardiogram was
performed and found to be abnormal (perhaps as a
result of the exertion alone) and subsequent blood
samples showed significant elevation of the
creatinine kinase MB isoenzyme. We now know that
the isoenzyme can be elevated as a result of skeletal
muscle necrosis alone and that the only way to diag-
nose a myocardial infarct would probably be to
image the patient’s myocardium with scintillation
camera. The same injection of radiopharmaceutical
used to detect the skeletal muscle necrosis can also
be used to detect any myocardial injury, if present.

The ability to detect skeletal muscle abnormalities
as well as skeletal and connective tissue disorders
helps us to diagnose specifically the various types
of lesions which might be associated with pain in
the lower extremities or elsewhere in an athlete. If
performed within a few days of the onset of pain,
nuclear medicine studies utilising the bone-seeking
radiopharmaceuticals can be used to differentiate
between acute muscle injury, true shin splints,
skeletal injury (periosteal reaction or stress fracture)
or an abnormality which is entirely associated with
a joint or connective tissues. The resulting manage-
ment of the patient with the injury can be directed
in a much more specific and scientific manner.

The Bone Scan in Traumatic and Sports Injuries
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11 - The Bone Scan in Arthritis

L. Rosenthall

Introduction

The aetiology of many of the arthritides is unknown,
and a satisfactory scientific classification based on
causation is yet to be developed. For purposes of
radionuclide imaging they can be grouped into pri-
marily inflammatory and non-inflammatory types,
although the latter may be associated with an ele-
ment of synovitis, and bone erosion may occur later
in the former. Included in the inflammatory joint
diseases are rheumatoid arthritis, psoriatic arthritis,
Reiter’s syndrome, ankylosing spondylitis, systemic
lupus erythematosus, infection and other less fre-
quently encountered entities. The most frequent
non-inflammatory condition is osteoarthritis, but
this category also includes trauma, neuroarth-
ropathy, reflex sympathetic dystrophy, mechanical
abnormalities etc.

Radionuclide methods are capable of disclosing
synovitis, subchondral bone destruction, or both,
but do not specify the cause. Historically, test agents
such as 3! albumin, ***I globulin, ***Nal, 2*Na and
133Xe saline were injected into the joint cavity and
their rate of disappearance was found to vary
directly with the degree of synovial inflammation
(Ahlstrom et al. 1956; Dick et al. 1970). Although
useful as a quantitative research tool, it was not
practical for screening a large population, nor
patients with multiarticular involvement. The intro-
duction of intravenously administered **'I-labelled
albumin to depict the expanded blood pool of the
inflamed synovium made it possible to study many
joints in the same patient with a single injection

(Weiss etal. 1965). Other radiopharmaceuticals
were later suggested. These can be divided into three

groups:

1. The vascular compartment markers, viz. 131
albumin, '*'I iodipamide (Maxfield etal. 1968),
radiopertechnetate (Hays and Green 1972), °°=Tc
albumin (Cohen and Lorber 1971), '*3mln
(Martinez-Villesenor and Katon 1968) and °°»Tc-
DTPA (Maxfield et al. 1972)

2. Bone seekers, viz. **Sr (Holopainen and Rekonen
1966), ®7Sr, *F (Jeremy etal. 1969) and ?°nTc
phosphate complexes (Desaulnier et al. 1974)

3. Inflammatory site markers, viz. ¢’Ga citrate (Col-
man etal. 1982; Tannenbaum et al. 1984) and
1111n leucocytes

The vascular compartment markers make visible
the enlarged synovial blood pool and synovial inter-
stitial extravasation, whereas the bone seekers dem-
onstrate increased periarticular bone concentration
because the hyperaemia of synovitis induces an
increased blood flow to adjacent bone through
anastomotic vascular channels. When there is sub-
chondral bone damage the augmented focal uptake
is a manifestation of the normal bone response to
the insult. ¢’Ga has a propensity to concentrate in
septic and non-septic inflammatory sites and
thereby visualises the inflamed synovium directly.
111In-labelled leucocytes accumulate at sites of leu-
cocyte migration and should therefore be specific for
septic synovitis. However, there is a relatively small
and variable leucocyte accumulation in rheumatoid
arthritis which may render visible '*'In leucocyte
uptake in the joint region.
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The synovial membrane is highly vascular with an
extensive capillary network. There are also
anastomoses with the juxtaepiphyseal and epi-
physeal vessels of adjacent bone, so that changes in
synovial blood flow are reflected in periarticular
bone flow. Inflammation triggers increases in blood
flow, blood pool volume and vascular permeability.
These changes occur primarily in the terminal
arterioles, capillaries and venules. In the acute
phase there is a cellular response consisting of an
accumulation of polymorphonuclear leucocytes,
located predominantly in the joint fluid. The chronic
inflammatory response, which is longer in duration
in the course of events, is characterised by an
infiltration of lymphocytes, macrophages and
plasma cells in the interstitium, while polymor-
phonuclear cells are still present in the joint fluid.

In light of these histological changes in active
inflammatory disease, it is understandable that a
perfusion study with a **=Tc label will demonstrate
increased transit on first pass, increased concentra-
tion in the static image immediately after perfusion,
and increased periarticular bone concentration in
the delayed °°=Tc phosphate images (Figs. 11.1,
11.2). It also explains the observed concentration
of %7Ga citrate and the potential for low-grade ''In
leucocyte deposition.

The normal synovium cannot be distinguished
from adjacent structures by blood compartment
markers (Fig. 11.2). When the synovium is inflamed
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most of the radiopertechnetate of **Tc albumin is
found in the membrane. A small amount is present
in the synovial fluid, but it does not contribute sig-
nificantly to the overall count rate (Hays and Green
1972). The distribution of radiopertechnetate and
29mT¢c pyrophosphate were studied in a rabbit model
of arthritis induced by the intra-articular injection
of ovalbumin into sensitised animals. Radiopertech-
netate was found to be in bone and soft tissue like
radiophosphate, but with radiopertechnetate the
maximum uptake was in the synovium while the
maximum uptake with radiophosphate was in bone
(Rosenspire et al. 1981). A similar animal study
utilising ’Ga and a zymosan-induced knee arthritis
showed a predominant uptake in the synovium;
however, increases were also registered in the fat
pad, patella, meniscus and adjacent tendons, but
not periarticular bone (Tannenbaum et al. 1984).
There is a report showing a correlation between the
synovial fluid white cell concentration and °’Ga
knee/femur count ratio in patients with active
rheumatoid arthritis, implying that these ratios are
a reflection of the degree of synovial inflammation
(McCall et al. 1983).

A blood compartment tracer is the preferable
agent to use in screening patients with arthralgia,
because it visualises the inflamed synovium directly
and the concentration is a reflection of the degree
of inflammation. There are few false-positive scan
results and these are caused mainly by overlying
oedema and cellulitis. Osteoarthritic joints are usu-
ally normal, unless complicated by a synovitis (Dick
etal. 1972). In contrast, radiophosphate uptakes

Fig. 11.1. Reiter’s disease. Twenty-year-old
male demonstrating increased periarticular
uptake of radiophosphate about the right
knee, right second metatarsophalangeal joint,
and both ankles and tarsal bones, but it is
particularly intense in the right calcaneus, so-
called lover's heel.



Synovitis 135

Fig. 11.2a—c. Comparison of radiophosphate (MDP) and **=Tc-labelled red blood cells (RBC) in a patient with active rheumatoid
arthritis. a The **=Tc-MDP images of the hands show intense uptake in both wrists, most of the metacarpophalangeal joints and
several proximal interphalangeal joints of both hands. Corresponding images with labelled red blood cells exhibit the expanded
blood pool of the inflamed wrists and metacarpophalangeal joints, but the target/background ratio is lower than those of radiophos-
phate. The abnormal proximal interphalangeal joints of the left hand involving the third and fifth digits are not seen with the
blood compartment marker. b **»Tc-MDP depicts intense uptake in the involved ankles and lower relative concentrations in several
metatarsophalangeal joints and toes. The inflamed synovium of the ankles are well demonstrated with labelled red cells, but the
synovial concentrations in the other affected joints are either absent or too subtle to be of diagnostic value. ¢ Intense uptake of
the inflamed elbow is registered with radiophosphate. The labelled red cells also show an intense uptake, but in the distribution
of the synovium.
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are not exclusive to synovitis, but may occur in
osteoarthritis, bone injury, metabolic bone disease,
blood dyscrasias etc. The disadvantages of the blood
compartment tracers are a lower target/
background ratio for peripheral joints relative to the
radiophosphate, and a reduction of this ratio with
time as the radiopertechnetate or °°»Tc albumin
enters the extravascular space of the backgound.
This drift takes place while the various joint regions
are being imaged during the half-hour, or so, that
it takes to complete the investigation. Perhaps it can
be overcome, in some measure, with red cell label-
ling, but this notion has not been fully explored. Pre-
liminary work indicates that it is not as sensitive as
radiophosphate (Fig. 11.2). Synovitis of the hips and
sacroiliac joints is particularly difficult to disclose
owing to the larger amount of background tissue
in these regions. Better target/background ratios are
achieved with the **mTc phosphate complexes at all
articulations and they are generally preferred, des-
pite the fact that the synovium per se is not visu-
alised and periarticular bone uptake is not specific.
Abnormal joints by radiophosphate can be cor-
related with radiography to determine the aetiology
of the abnormality, rather than performing radio-
graphic joint surveys in the first instance, since this
is distinctly less sensitive before pannus erosion sets
in.

The main advantages of ’Ga citrate as an alter-
native to blood compartment tracers are its higher
target/background ratios and its closer association
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with the cellular component of the inflammatory
process (Fig.11.3). These are offset by the
inconvenience of waiting at least 24 h before imag-
ing and the inordinate amount of time it takes to
do a total body joint survey for the conventional
diagnostic doses given. ¢’Ga is more appropriate for
studying selected joints of particular interest and
monitoring their response to therapy.

A number of studies have been reported compar-
ing the efficacy of the various radiopharmaceuticals,
radiography and clinical impressions for the dis-
closure of synovitis. In 16 patients with synovitis
caused by rheumatoid arthritis, psoriasis and
Reiter’s syndrome, radiopertechnetate diagnosed
fewer joints than the clinical examination in 12
patients, whereas all clinically affected joints were
disclosed with *°»Tc polyphosphate. Radiopertech-
netate showed more joint involvement than the
clinical appraisal in only 2 patients, whereas
polyphosphate demonstrated greater extension of
disease than was clinically apparent in 15 patients
(Desaulnier et al. 1974). An analysis of 191 abnor-
mal joints in another group of patients showed that
polyphosphate imaging was 11% more sensitive
than the clinical impression and 729% more sensitive
than radiography. Scrutiny of the results indicated
that the radionuclide study performed less well than
clinical judgement in the large joints such as
shoulders, elbows and knees, but the opposite
occurred in the peripheral joints, i.e. wrists, hands,
ankles and feet. When the larger joints portrayed

Fig. 11.3. Active rheumatoid arthritis of the knees. The ?*»Tc-MDP images show bilateral diffuse periarticular bone uptake character-
istic of synovitis. Corresponding ¢’Ga citrate images also demonstrate an elevated uptake in the region, but most of it is in the
inflamed synovia, although this cannot be appreciated from the frontal images presented.
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asymmetrical increases in uptake there was no diffi-
culty in making the diagnosis, but small to moderate
symmetrical increases were difficult to distinguish
from the normally higher concentrations of radio-
phosphate that accumulate at these articulations.
Some help may accrue from the use of blood pool
markers at these sites (Greyson 1980). Similar
results were published by another group of investi-
gators who found that °°*Tc¢ pyrophosphate imag-
ing was better than radiographic and clinical
appraisal of the peripheral joints, but interpretative
difficulties arose at the larger joints (Weisberg et al.
1978). Radiophosphate disclosed 172 abnormal
joints compared with 105 by radiopertechnetate for
a 64% improvement in an analysis limited to the
hands of adult patients with rheumatoid arthritis
and reflex sympathetic dystrophy. In this set of
patients fine detailed radiography detected 7% more
joints than radiopertechnetate, but radiophosphate
disclosed 32% more than radiography (Beckerman
et al. 1976).

It has been reported that radiopertechnetate is
96% sensitive in disclosing polymyalgia
rheumatica, whereas radiophosphate is usually nor-
mal (O'Duffy et al. 1976). Synovitis in polymyalgia

Fig. 11.4a,b. Rheumatic fever. Synovitis of the ankle and tarsal
bones demonstrates a regional diffuse increase in radiophosphate
uptake (a) and an increase in radiogallium localised to the
synovium (b).
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rheumatica features a non-specific chronic inflam-
mation with infiltrations of lymphocytes and plasma
cells that extend beyond the synovium to include
the joint capsule and adjacent tissues, unlike the
acute proliferative synovitis of rheumatoid arthritis.
It can be postulated that there may not be sufficient
increase in blood flow to produce a visibly discern-
ible increase in radiophosphate uptake, but the
vascular blood pool is large enough relative to adja-
cent tissue to be seen with radiopertechnetate, or
some other blood compartment marker.

The proximal joints, shoulders and hips, are usu-
ally involved in polymyalgia rheumatica, and sym-
metrical incremental increase in radiophosphate
uptake, if it occurs, can be difficult to appreciate, just
as it is in the more proliferative inflammatory
conditions. Synovitis associated with lupus
erythematosus is also of the non-proliferative type,
and the detection of peripheral joint disease with
radiophosphate is variable and very often falsely
negative. A definitive crossover study comparing a
blood pool marker and radiophosphate in poly-
myalgia rheumatica and lupus erythematosus has
yet to be done.

Juvenile Rheumatoid Arthritis

The diagnosis of synovitis in the presence of unfused
epiphyses is difficult when using radiophosphate,
because the high uptake in the growth plates
obscures the periarticular increases caused by the
hyperaemia. This is particularly troublesome in the
small peripheral joints. When there is asymmetry,
or some of the small joints are not involved and act
as reference points, the diagnosis of synovitis may
be less difficult. An exception is the knee, because
increased accretion in the patella, resulting from its
vascular anastomosis with the synovial network,
can be seen in the lateral projection free of the
growth plate. ¢’Ga citrate may be successful where
radiophosphate fails, but this approach has not been
fully explored for juvenile rheumatoid arthritis. The
synovitis of rheumatic fever can show avid radio-
phosphate and ¢7Ga uptakes (Fig. 11.4).

Response to Treatment

Successful clinical treatment with steroidal or non-
steroidal anti-inflammatory drugs implies a relief of
pain, increased range of joint movement, subsidence
of joint swelling, improved grip strength etc. Under-
lying this is a defervescence of the inflammatory
reaction in the synovium, and this should be reflec-
ted in a decreasing concentration of blood compart-
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ment markers, radiophosphates and ’Ga citrate
(Fig. 11.5). Generally this is true, but there are
caveats to keep in mind. Persistent high accretion
of radiophosphate in the face of clinical remission
could be due either to subclinical synovitis or histo-
logical remission with reactive bone repair of the
pannus erosion. These erosions may even elude fine
detailed radiography. A blood compartment marker
may help in the differential diagnosis.

Radiopertechnetate measurements before and
after corticosteroid treatment proved to be more sen-
sitive to the efficacious effects of the drug than either
grip strength or joint circumference (Collins et al.
1971). In another study consisting of 11 patients
with knee pain, but no definite indication of
warmth, swelling or both, there was increased
uptake of radiopertechnetate only when synovial
biopsy showed histological evidence of hyperaemia.
It was concluded that the radiopertechnetate uptake
was a more sensitive parameter of synovitis than
clinical impressions of warmth and joint swelling
(Boerbooms and Buys 1978).

Radionuclide remission may lag behind clinical
remission. There can be a stage in treatment when
the symptoms have abated, but the hyperaemia con-
tinues at a subclinical level and the radionuclide
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uptake persists. This requires continued anti-
inflammatory therapy to quash completely (Tan-
nenbaum et al. 1986).

Radionuclide monitoring of arthritis treatment is
not clinically important, because the thrust of medi-
cation is to relieve symptoms and not to improve
the appearance of the joint images. Its main
attribute lies in pharmacological testing and com-
parison of anti-inflammatory drugs.

Quantitative Joint Imaging

Various methods of joint uptake quantitation have
been tried in order to obviate the subjective nature
of image interpretation. The usual approach is to
obtain a ratio of the uptakes over individual affected
joints to adjacent normal bone or soft tissue at a
fixed time interval after administration of the test
agent. Some have used joint uptakes compared with
an outside standard source. One suggestion con-
sisted of measuring radioactivity over groups of
small joints in the hands and comparing it with the
uptake of an internal reference source (Park et al.
1977).

Fig. 11.5. Psoriasis under treatment. Upper panel:
Prior to treatment the left hand was normal except
for the focus of radiophosphate uptake at the juncture
of the trapezium and first metacarpal bone, which is

a common finding and characteristic of osteoarthritis.
There is diffuse increased uptake in the right carpal
region as well as in four of the metacarpophalangeal
joints and several distal and proximal
interphalangeal joints of the left hand, consistent
with synovitis but not diagnostic. The left foot
exhibits intense concentration in the tarsal region,
the first four metatarsophalangeal joints and third
toe. Middle panel: 9 months later, after an intense
course of treatment, the hands and feet reverted to
normal. Osteoarthritis of the right
trapeziometacarpophalangeal joint, previously
obscured by the synovitis, is now apparent. Lower
panel: 1 year after the last study the patient returned
with a recrudescence of the psoriatic arthritis. It
affected both feet and right hand predominantly.
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An exhaustive study compared four parameters,
utilising °°»Tc pyrophosphate as the test agent:
ratio of joint to non-joint bone using count rate per
unit area; ratio of joint to non-joint bone total
uptake using count rate only; absolute uptake per
unit area normalised for body weight and dose ; and
absolute total uptake normalised for body weight
and dose. The mid-radius and mid-ulna were the
non-joint reference bones when normal and
inflamed articulations of the hand were measured,
and the mid-femur was the non-joint reference for
the knee assessments. These parameters were evalu-
ated in controls and in patients afflicted with
rheumatoid arthritis. The best separation was
obtained with the absolute uptake per unit area, i.e.
without reference to a non-joint bone. However, the
overlap between abnormals and normals was large
and this undermined its value as a screening pro-
cedure to disclose synovitis. The least discriminating
parameter was the ratio of joint uptake to non-joint
uptake (Rosenspire et al. 1980a).

Most studies utilising the joint/non-joint ratio
have assumed that the reference bone is unaffected
by the inflammation. There is growing evidence that
this is not so. It was found, for instance, that the
mid-third of the radius and ulna in patients with
active rheumatoid arthritis of the hand on the same
side was about 35% higher than controls
(Rosenspire et al. 1980b). The lumbar spine/soft tis-
sue ratio was enhanced by 28% in patients with
rheumatoid arthritis compared with an age- and
sex-matched control group. Rheumatoid arthritis
usually does not involve the lumbar spine, nor was
there clinical evidence of it in this group of patients
(Helfgott et al. 1982). The 24-h whole-body reten-
tion (WBR) measurements of **Tc-MDP by two dif-
ferent methods demonstrated increases of 45% and
33%, respectively, in rheumatoid patients.
Although these increases could be attributed to the
periarticular uptake rather than the non-joint bone,
nevertheless there was no correlation of the 24-h
WBR values with the number and size of abnormal
joints (Lansbury index), sedimentation rate, func-
tional class or rheumatoid factor titre. From this it
can be inferred that the results of the lumbar spine/
soft tissue ratio and 24-h WBR support the hypo-
thesis of a generalised bone reaction superimposed
on a local articular process. Increased 24-h WBR
in rheumatoid arthritis was found by another group
of investigators. Inpatients had higher retentions
than outpatients, and those on steroids registered
the highest retentions (Steven et al. 1982). This lack
of neutral reference bone can explain the failure of
the joint/non-joint ratios to clearly distinguish
actively inflamed rheumatoid from control joints.
There is no acceptable quantitative parameter at
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this time that can be used as a screening procedure.
There is some merit in these parameters for monitor-
ing numerically the response to treatment, as ratios
in the normal range have been shown to decrease
in response to inflammatory suppression.
Whichever parameter is adopted, the ultimate con-
firmation of its meaning and value will be its correla-
tion with synovial biopsy, not with clinical or
radiographic impressions.

Normal paired joints do not necessarily exhibit
symmetrical periarticular accretions of radiophos-
phate. Some of the discrepancy can be explained by
the person’s dominant side or handedness. A
numerical analysis in non-pathological joint pairs
showed a significantly higher accretion on the right
side in 37%, the left side in 21%, and no difference
in 429% of the joint pairs. The highest incidence of
disparity occurred in the shoulder joints (Norbjerg
et al. 1980).

Value of a Negative Joint Scan Result

It is well appreciated that a positive radiophosphate
joint scan result is not specific for synovitis, and the
findings must be interpreted within the clinical con-
text. In fact, the number of false-positive results is
unknown and of some editorial concern (Green
1979). More important, perhaps, is the significance
of a negative joint study result in a patient with
polyarthralgia. Polyarthralgia is a frequent com-
plaint, but a causal synovitis is less common. A nor-
mal radiophosphate bone scan is purportedly
significant for an absence of synovitis, but documen-
tation by long-term clinical follow-up has been
reported in only one small series of patients (Shear-
man et al. 1982). This was a retrospective study of
two groups of patients. Group A consisted of 22
patients with polyarthralgia of at least 3 months’
duration, normal radiophosphate joint scans, or
non-inflammatory joint scans typical of osteoar-
thritis (i.e. they did not demonstrate diffuse periarti-
cular concentrations, but rather focal uptake limited
to one compartment of a knee joint or focal uptake
within a wrist). Group B contained the same num-
ber of patients, who were age and sex matched with
Group A but had abnormal inflammatory joint
scans featuring diffuse juxta-articular bone uptake
in one or more joints. The patients in group A were
recalled for clinical examination 3.6-+0.9 years
later, and none of the 22 patients with previous
normal joint scans had evidence of inflamma-
tory disease. Group B patients were re-examined
4.0+ 1.0 years later, and 21 of the 22 patients had
clinically active synovitis. There were 12 cases of
rheumatoid arthritis, 5 of psoriasis, and 1 each of
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Reiter's syndrome, ankylosing spondylitis, mixed
connective tissue disease and undifferentiated con-
nective tissue disease. The single patient who was
free of inflammatory disease on recall had docu-
mented juvenile rheumatoid arthritis but was in
complete remission. Three patients in group A were
originally thought to have clinical synovitis, but
these were later diagnosed as two with polymyalgia
rheumatica and one with lupus erythematosus—
entities known to yield normal radiophosphate
scans. The conclusion derived from this isolated
study is that a normal radiophosphate joint survey
in a patient with polyarthralgia makes it unlikely
for an inflammatory polyarthritis to develop if a
thorough rheumatological evaluation fails to dem-
onstrate evidence of inflammatory joint disease.

Sacroiliitis

Sacroiliitis is characterised by an enhanced accre-
tion of radiophosphate at the sacroiliac joint. This
can be difficult to appreciate visually, because there
is normally a high concentration in the area and
mild to moderate symmetrical increases may escape

Fig. 11.6. Analysis of sacroiliac joints (Si]). A profile slice through
the full length of the joint and sacrum (S) is obtained. The param-
eter for measuring joint activity is a ratio of peak SiJ to peak S
counts. Left: Normal patient. SiJ]/S=1.03. Right: Enteropathic
sacroiliitis. SiJ/S = 1.84 (normal less than 1.35 for this laboratory
using ?*=Tc-MDP).
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detection. Various quantitative techniques have
been proposed to obviate the subjective interpreta-
tion. A ratio of the peak sacroiliac joint count rate
to the peak sacral count rate was originally intro-
duced (Fig. 11.6). Early results indicated clear
separation of the controls from an experimental
group of ankylosing spondylitis (Russell et al.
1975). A modification was proposed in which back-
ground corrected sacroiliac joint/sacrum ratios
were obtained in the upper, middle and lower thirds
of the joint, instead of the full length of the joint as
originally proposed (Fig. 11.7). This manoeuvre
was allegedly more sensitive in disclosing inflam-
matory disease which was limited to the lower half
of the joint—the location of the synovium (Namey
et al. 1977). It has also been suggested that the ratio
of the peak joint count rate to the minimum count
rate in a profile slice through the joints and sacrum
favours better separation between normal and
diseased joints (Ayres et al. 1981).

If the radionuclide procedure is to have clinical
utility it must possess a high sensitivity at a stage
of the disease when the radiographic stigmata are
inapparent or dubious, i.e. radiographic grades O
and 1. Otherwise, there is no need for nucleography.
It is imperative that the study be performed when
the patient is not receiving anti-inflammatory drugs
and that a standardised procedure be used. Specifi-
cally, the same radiophosphate test agent must be
used in all cases in order to avoid varying pharma-
cokinetics. The time of imaging should be fixed
between 4 and 5h, a time when the rate of
accumulation of radioactivity has levelled off; 24 h
after injection is probably better, but this can be
impractical. The patient should also be rested for
the examination, as physical exertion induces a
hyperaemia that may affect the ratio. A prospective
study has been reported in which these variables
were rigidly controlled and which used *°=Tc-MDP
and the full length of the joint. It showed a signifi-
cant difference between controls and ankylosing
spondylitis with radiographic grades 0-1, 2, 3 and
4 respectively. There was a substantial overlap of
the patients with radiographic grades 0-1 disease
and the normal 2 standard deviation range, despite
the statistically significant group difference. The
absence of a sharp separation weighs heavily
against the technique as a modality for population
screening (Esdaile et al. 1980). The technique does
have merit in monitoring treatment, however,
because there was a group of patients in this series
with false-negative ratios that decreased with suc-
cessful anti-inflammatory therapy.

An unpublished study investigating the value of
the triple profile slice, i.e. upper, middle and lower
thirds of the sacroiliac joint, in 26 patients with
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Fig. 11.7a,b. Fractionated analysis of
sacroiliac joints in a patient with ankylosing
spondylitis. a Location of the three profile
slices. b Histograms of the upper, middle and
lower third profile slices. Inset numbers
represent the sacroiliac joint/sacrum ratios for
the left and right sacroiliac joints at the
different levels.

ankylosing spondylitis demonstrated no material
improvement over the single full-length profile slice.
There were ten more abnormalities detected with
this fractionation compared with the unfractionated
analysis, but nine of these were in radiographic
grades 3 and 4; only one was in grade O.

It is apparent that quantitative sacroiliac scin-
tigraphy offers a substantial improvement over sub-
jective interpretation, but there is no absolute
separation of diseased and normal groups, and the
reported degree of overlap varies from acceptable to
unacceptable for clinical utility (Berghs et al. 1978;
Dequekeret al. 1978 ; Goldberget al. 1978 ; Spencer
etal. 1979; Domeij-Nyberg et al. 1980). There is
also a lack of specificity, because high ratios can be
obtained in osteoarthritis and metabolic bone
disease. Age, sex and laterality may also influence
the ratios. One communication states that the nor-
mal ratio is on average higher on the right side than
the left in all ages (both male and female), the right
joint ratios are higher in males than females, and
that there is no variation of the ratio with age in
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either sex (Vyas et al. 1981). In contrast, another
report related a decrease in the normal ratio values
with increasing age in both sexes (Dodig et al.
1984). To confuse matters more, it also claimed that
the normal ratios decreased with advancing years
in females, but not males (Ayres et al. 1981).

An assumption in all these ratio stratagems is that
the sacrum, the reference bone, does not participate
in the inflammatory process. There is growing evi-
dence that the sacrum is not immune. Significantly
higher uptakes of radiophosphate in the sacrum of
patients suffering from ankylosing spondylitis and
Reiter’s disease than those of controls have been
found. Additionally, sacral uptake in degenera-
tive disc disease and diffuse idiopathic skeletal
hyperostosis were normal (Paquin et al. 1983). The
implication of these findings is that the ratios in
sacroiliitis are not just a function of the numerator,
the sacroiliac joint count rate, but also of the deno-
minator, the sacral count rate. This tends to lower
the ratio and probably contributes to the loss of
sensitivity.
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Fig. 11.8. Apophysitis in ankylosing spondylitis. The radiophos-
phate scan demonstrates focal concentrations at scattered
apophyseal joints in the thoracolumbar spine.

Ankylosing Spondylitis

Lesions other than sacroiliitis can be detected with
radiophosphate in ankylosing spondylitis. Features
such as spinal apophyseal, sternoclavicular,
manubriosternal and sternocostal joint involve-
ment have been detected as foci of elevated radio-
phosphate uptake (Lentle et al. 1977; Lin et al.
1980). The ankylosed spine is rigid and
osteoporotic, and therefore susceptible to fractures
which may not be symptomatic, endure continued
movement for long periods and result in pseudoarth-
rosis. Adjacent bone proliferation and ankylosis
tend to obscure the fracture lines in conventional
radiography, but they are readily revealed by radio-
phosphate imaging (Resnick et al. 1981 ; Figs. 11.8,
11.9).

Osteoarthritis

Osteoarthritis is a common disease of the diarth-
rodial and, to some degree, amphiarthrodial joints.
It is characterised by a non-inflammatory deteriora-
tion of the articular cartilage and reactive new bone
formation at joint surfaces and margins, but there
is still a debate as to whether it originates in the car-
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tilage or in the subchondral bone. There is fibrotic
thickening of the joint capsule and, at times, a mild
synovitis.

The induced radiophosphate response can vary
from subtle to pronounced, depending on the meta-
bolic activity of the lesions. Blood compartment
markers are usually normal in osteoarthritis,
because the synovitis is not flagrant. It is impossible
to distinguish osteoarthritis of the peripheral small
joints of the hands and feet from a synovitis, because
the resolution of the imaging equipment is not fine
enough. In large joint areas, such as the wrists,
knees, hips and shoulders, the focal nature of the
radiophosphate uptake can be better appreciated in
distinction to the diffuse juxta-articular concentra-
tion seen in synovitis (Figs. 11.10,11.11,11.12).

In a multiple crossover study comparing clinical
assessment, conventional radiography, double-
contrast arthrography, arthroscopy, surgical
observations and radiophosphate bone imaging it
was found that radionuclide imaging was superior
to arthrography and radiography in disclosing the
presence and degree of osteoarthritis of the medial,
lateral and patellofemoral compartments (Thomas
etal. 1975). These findings were important con-
siderations in planning remedial knee surgery.

Degenerative changes in the spinal column may
induce low-grade radiophosphate accretions that
can be troublesome in assigning an aetiology in
patients with known malignancy. In a small group
of patients with diffuse idiopathic skeletal
hyperostosis, the vertebral column did not exhibit
remarkable focal uptakes of radiophosphate. The
lumbar spine/soft tissue and sacrum/soft tissue
quotients in this set were, on the average, higher
than controls, but not significant to a 0.05 prob-
ability level. These indices for degenerative disc
disease were indistinguishable from normal (Paquin
et al. 1983). In another study of ten patients with
proved herniation of the lumbar discs, there was no
evidence of an associated abnormal radiophosphate
uptake (Johansen et al. 1980).

Radiophosphate imaging can be used to differen-
tiate degenerative disease of the temporoman-
dibular joints from myofacial disorders without
pathological joint involvement. Planar scintigraphy
correlated completely with microscopy in eight
patients with osteoarthritis and in one without bone
changes. In the same group of patients radiography
missed four of the osteoarthritis joints (Goldstein
and Bloom 1980). Single photon emission com-
puted tomography (SPECT) has been applied to the
screening of temporomandibular disorders and it
seems to improve the sensitivity, because of greater
contrast and better localisation (Collier et al. 1983 ;
Fig. 11.13). In one series of patients SPECT with
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Fig. 11.9a,b. Ankylosing spondylitis. This 57-year-old male with advanced ankylosing spondylitis sustained a minor fall which
resulted in a fracture of the thoracic spine and several ribs because of the rigidity of the axial skeleton. a Conventional radiograph
of the thoracic spine shows the features of spinal fusion with no definite evidence of fracture. b Radiograph of the lumbar spine
and pelvis demonstrates fusion of the sacroiliac joints and lumbar vertebra. ¢ Radiophosphate images depict an intense uptake
in the T-4 to T-5 region and in some of the ribs on the right. There is also an augmented uptake at the manubrioclavicular and
manubriosternal junctions, which are features of ankylosing spondylitis. Although the radiographs showed fusion of the sacroiliac
joints, the scan depicted some residual activity in the right sacroiliac joint. When fusion is metabolically complete radiophosphate

uptake is normal.

radiophosphate gave positive results in 6 of 11
patients with internal derangement, 9 of 10 patients
with degenerative joint disease, and negative results
in 4 patients with myofacial disorders.

There is a high incidence of enhanced accretion
of radiophosphate in the patella, often without cor-
responding  radiographic = abnormalities. A
retrospective review of 100 consecutive adult
patients found that it occurred bilaterally in 15%,
and unilaterally in 5%. Osteoarthritis was seen in
the radiographs in 7 out of 20 patients, and other
confirmed lesions included fractures, osteomyelitis,
bursitis and Paget’s disease. However, a number of
abnormally radioactive patellae remained undocu-
mented and these were presumed to be secondary
to chondromalacia and osteoarthritis which eluded

radiographic detection (Kipper et al. 1982). In 130
patients ranging in age from 4 to 83 years, increased
patellar radioactivity with normal radiographic
findings occurred with a 449% frequency, whereas
the incidence of increased patellar radioactivity
associated with radiographic evidence of patellar
degeneration occurred in only 33% (Lin et al.
1981). The medial and lateral knee compartments
were also studied in this series of patients, and
increased radiophosphate concentration was found
in the presence of normal radiographic knees in
33%. Moreover, 100% of radiographically abnor-
mal knees also had corresponding abnormal radio-
phosphate uptakes. The authors postulated that the
increased patellar radioactivity not accompanied by
increased knee radioactivity or radiographically
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Fig. 11.10. Osteoarthritis of the glenohumeral articulation. The
increased uptake of radiophosphate is limited to the immediate
joint area (arrow). A synovitis differs in that the entire humeral
head would show increased uptake secondary to the hyperaemia.

Fig. 11.11. Bilateral osteoarthritis of the hips. There is an intense
curvilinear concentration of radiophosphate limited to the
immediate area of the joint interface. This differs from synovitis,
in which the increased uptake includes the area from the inter-
trochanteric line to the acetabulum (cf. Fig. 11.14).

noted degenerative disease could be caused by
pathological changes in the patellar cartilage. Chon-
dromalacia is the most likely cause in the young
patient, and either chondromalacia or osteoar-
thritis, or both, in the older patient (Lin et al. 1981).
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Fig. 11.12. Osteoarthritis of the knees. There is bilateral osteoar-
thritis, which is recognised by the focal pattern of increased radio-
phosphate uptake, as opposed to the diffuse periarticular increase
seen in synovitis.

Fig. 11.13. Osteoarthritis of the right temperomandibular joint
(arrow). Transverse slice from a SPECT study using radio-
phosphate.

Transient (Toxic) Synovitis of the
Hip

Transient synovitis is an ailment that generally
occurs in children under 10 years of age. The cause
is not known. It may be due to occult trauma, but
an association between the synovitis and a preced-
ing viral infection of the upper respiratory tract has



Reflex Sympathetic Dystrophy Syndrome

Fig. 11.14. Transient synovitis in a 24-year-old male who com-
plained of right hip pain after a football game. The joint aspirate
was clear and showed no evidence of sepsis by cytological
examination and culture. Treatment consisted of bed rest. Note
the increased periarticular bone uptake in the right hip, begin-
ning abruptly in the intertrochanteric region and extending to
include the femoral neck, epiphysis and acetabulum —the extent
of the hyperaemia.

been noted. It can produce signs of mild inflamma-
tion and must be distinguished from bacterial infec-
tion. Some authors claim that as many as 10% of
these patients may develop Legg—Perthes disease as
a complication. Transient synovitis is usually self
limiting and treated with bed rest.

Transient synovitis has been investigated by all
three phases of radiophosphate nucleography, i.e.
perfusion, blood pool and delayed images. The ana-
tomical disposition of the vascular supply is such
that vessels which supply the femoral capital epi-
physis pass through the joint capsule, and a suf-
ficient rise in intracapsular pressure by the effusion
can impair the blood supply and delivery of radio-
phosphate to the epiphysis. This can result in a vari-
able radionuclide portrayal (Fig. 11.14).

In one series of 13 patients, the periarticular
uptake of radiophosphate in the delayed images was
normal in 9, increased in 3 and decreased in 3 (Hey-
man et al. 1980). Similar variations were reported
by other authors (Murray 1980; Sutherland et al.
1980). In a well-documented study of 19 cases of
transient synovitis, there were 6 that demonstrated
normal blood pool and delayed images. One patient
showed increased radioactivity in the blood pool
image, and ten showed it on the delayed images, but
not in the blood pool phase. Eight patients exhibited
photon deficiency in the blood pool phase. Six of
these eight patients had a reduced, but not absent,
epiphyseal uptake in the delayed views. All six
patients reverted to normal after joint aspiration
(Kloiber et al. 1983; Fig. 11.15). It would appear
that transient synovitis can demonstrate reduced,
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Fig. 11.15. Transient synovitis in the left hip of a 7-year-old child.
The blood pool images were normal, but the delayed image
showed a decrease in the radiophosphate concentration in the
left femoral epiphysis (arrow). The blood supply was normal in
the study obtained 2 days after aspiration.

normal or increased concentrations of radiophos-
phate in the blood pool and delayed images, and the
direction of change in both phases is not necessarily
the same in a given patient.

Reflex Sympathetic Dystrophy
Syndrome

The reflex sympathetic dystrophy syndrome (RSDS)
is not well understood, and this is reflected in the
many appellations applied to the symptoms, such
as “causalgia”, “‘acute atrophy of bone”, “‘Sudeck’s
atrophy”, “peripheral acute trophoneurosis”,
“traumatic angiospasm’, ‘‘post-traumatic osteo-
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porosis”, “traumatic vasospasm’’, “‘reflex dystrophy
of the extremities”, “ minor causalgia”, *‘post-
infarction sclerodactyly”, *shoulder-hand syn-
drome”, ‘“reflex neurovascular dystrophy” and “
reflex sympathetic dystrophy”. It is associated with
pain, swelling, vasomotor disturbances with signs
of increased vascular flow, trophic dermal changes
and radiographic osteoporosis. Histologically, the
synovium demonstrates proliferation of the lining
cells and capillaries and perivascular infiltration
with chronic inflammatory cells. The lack of
sympathetic tone and hypervascularity of the
synovium abet the periarticular accretion of radio-
phosphate.

The mechanism is still subject to debate. The noci-
ceptive (pain) nerve system carries afferent informa-
tion from the skin and synapses with the dorsal horn
neurones, which in turn synapse with the motor
and sympathetic efferents, as well as the ascending
tracts leading to the brain. Partial peripheral nerve
injury and soft tissue crush induce a number of
responses. With skin injury there is a local release
of bradykinin, prostaglandin, seratonin and Sub-
stance P (a neurotransmitter). These affect the
sympathetic nerve ends and skin capillaries and
excite and sensitise the skin nociceptors. It is also
postulated that with nerve injury the sympathetic
nerves may excite the nociceptors and influence the
release of the various algesic substances in the skin,
and cause vasomotor changes that are seen in the
RSDS. The sympathetic system may also be stimu-
lated through a short-circuit connection with the
excited and sensitised nociceptor afferent nerves.

The most frequent varieties of the syndrome are
Sudeck’s atrophy and shoulder-hand syndrome.
Shoulder-hand syndrome is bilateral in about 30%
of cases and is associated with myocardial infarc-
tion, trauma, spinal disc disease, neoplasia,
cerebrovascular accident and drugs. However, a
specific precipitant cannot be found in 359% of cases.

Triple-phase radiophosphate imaging has been
applied to the investigation of patients with RSDS.
In one study consisting of 39 patients with definite,
probably or possible RSDS, 69% demonstrated
radiographic osteopenia. The radionuclide abnor-
malities, i.e. increased perfusion and diffuse
enhanced periarticular uptake in the affected area,
occurred in 60%. It was also found that patients
with an abnormal radionuclide study were consid-
erably more responsive to steroid control than those
with normal images. From this it was concluded
that the degree of radiophosphate uptake is a reflec-
tion of the activity and potential reversibility of the
disordered blood flow, and thus a valuable prognos-
ticator of the response to systemic steroid therapy
(Kozin et al. 1976, 1981). Radiophosphate scans
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enabled a diagnosis of RSDS to be made in 13
patients and to be excluded in 5, according to
another report (Simon and Carlson 1980).

It would appear that the perfusion and blood pool
phases of the radiophosphate study are not as reli-
able as the delayed images in disclosing RSDS. In
a clinical investigation of 23 patients with RSDS of
the hands and forearms, positive results were
obtained in 10 by perfusion (45% sensitivity), 12
by blood pool (52% sensitivity), but 22 by delayed
images (96% sensitivity). The specificity of the
delayed views was 98% and the predictive values
of positive and negative test were 88% and 99%,
respectively (Mackinnon and Holder 1984).

A group of 85 patients with cerebrovascular
accidents were investigated by the three-phase
radiophosphate study. There were 21 patients with
increased uptake in the delayed views, of which 13
(62%) had increased blood flow and 8 (38%) had
decreased blood flow, and these results were con-
sistent with the clinical suspicion of RSDS. Abnor-
mal delayed views antedated clinical symptoms in
two patients. Of the cerebrovascular accident
patients without RSDS 55 (65%) portrayed
decreased blood flow and blood pool images of the
hands and wrists on the affected side, but all had
normal delayed radiophosphate images. This was
attributed to the paralysis, disuse, or both. The
remaining nine patients were normal in all three
phases. It was postulated that the decreased blood
flow and blood pool radioactivity which occurred in
389% of the patients with RSDS was caused by the
reduced nutrient demands for blood by the
paralysed or immobilised limb, while the increased
blood flow to bone remained unaffected. Since the
main contribution to blood flow and pool radio-
activity is from soft tissue, the resultant portrayal
is decreased perfusion and blood pool concentra-
tions and enhanced periarticular accretions in
delayed views (Greyson and Tepperman 1984;
Fig. 11.16).

Regional Migratory Osteoporosis

Regional migratory osteoporosis is a syndrome of
acute periarticular painful soft tissue swelling, usu-
ally involving the lower extremities, which migrates
from joint to joint. If the patient is not followed for
long enough, the migratory nature of the disease
may be missed. However, there are variants of this
affliction which seem to be limited to one joint. The
variable course and lack of known cause has
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Fig. 11.16. RSDS. This male patient attempted suicide by shooting himself in the abdomen with buckshot. This caused considerable
visceral and bone damage. About a month after this episode he developed signs and symptoms suggesting RSDS in the entire left
lower extremity. A radiophosphate perfusion and blood pool study of the feet demonstrated relative increases in the left foot, but
a greater disparity was shown in the delayed images. There was increased uptake in the long bones with emphasis at the periarticular
zones. Additionally, there was the development of heterotopic bone (myositis ossificans) along the medial aspect of the distal femur
(arrows), a rare complication. The radiophosphate manifestation of heterotopic bone antedated the radiographic appearance.

resulted in a variety of terms, such as ‘‘transient
osteoporosis”’, ‘‘migratory osteolysis”’, ‘‘algodystro-
phy”’ and “‘partial algodystrophy’’. Occurrence of
the disease is usually spontaneous in otherwise
healthy middle-aged adults, without any known
precipitating cause. Males outnumber females by a
factor of three. About half the reported female cases
presented in the last trimester of pregnancy or
shortly after giving birth. Episodes of regional migra-
tory osteoporosis last about a year or less and resolve
spontaneously without specific therapy. The most
frequent site of initial involvement is the hip, but
the disease may start in the knees, ankles or feet.
Once remission occurs in a given joint it is not likely
to be affected again. The interval of time between
migration from one joint to the next can be a few
months to many years.

Bone biopsy shows increased vascularity,
vascular dilatation, fibrillosis of fatty marrow and
bone remodelling with formation of lamellar and
woven bone (Strashun and Chayes 1979; Lagier

1983). This histological picture is similar to that
found in Sudeck’s atrophy. The synovial mem-
branes can be normal or show chronic hyperplastic
changes.

The radiophosphate presentation is that of a high,
non-specific uptake on one or both sides of a joint,
involving the full or partial width of the bone. Radio-
nuclide findings antedate the radiographic changes;
the latter show subchondral demineralisation
without loss of cartilage space (O’Mara and Pinals
1970; Gaucher etal. 1979; Tannenbaum et al.
1980; Rozenbaum et al. 1984 ; Fig. 11.17).

Trochanteric Bursitis

Trochanteric bursitis tends to occur in middle-aged
and elderly patients and it consists of a non-
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Fig. 11.17. Regional migratory osteoporosis. This adult female patient complained of left knee pain initially (0 months). The radiophos-
phate scan demonstrated a focal uptake in the medial tibial plateau. Four months later the scan was virtually normal and the
patient was asymptomatic. Recurrent left knee pain developed at 15 months and there was now an intense concentration in the
left lateral femoral condyle and a lesser uptake in the lateral tibial plateau area. This pain receded, but at 22 months pain occurred
in the right knee, which showed an intense right lateral femoral condyle uptake, while the left side receded towards normal. Two
months later (24 months) the involvement on the right side included the medial and lateral femoral condyles, tibial plateau region,
the right ankle, tarsal bones, the first four metatarsophalangeal joints and the entire third toe.

infectious inflammation of one or more bursa about
the gluteus medius insertion on the femoral
trochanter. It causes pain on external rotation of the
hip and is recognised by exquisite tenderness over
the trochanteric area. Radiophosphate imaging
may show an increased accretion in the greater
trochanter underlying the bursa (Fig. 11.18).

Plantar Fasciitis (Calcaneal
Periostitis)

Chronic plantar fasciitis is one cause of the painful
heel syndrome, wherein pain and tenderness are
concentrated at the site of attachment of the long
plantar tendon into the base of the calcaneus. The
radiophosphate portrayal is that of a focal high
accretion in the calcaneus at the point of insertion
of the tendon. Radiography may be normal when
the radionuclide study is abnormal, or it may
manifest marginal erosions, spurs and periosteal
new bone formation at the base of the calcaneus
(Sewell etal. 1980). ’Ga may demonstrate
enhanced uptake in the fascia over its entire length.

Fig. 11.18. Tronchanteric bursitis. This patient had exquisite
point tenderness over the right greater trochanter which was
clinically diagnosed as bursitis. There was an intense focus of
radiophosphate uptake in the right greater trochanter (arrow).
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12 - The Bone Scan in Avascular Necrosis

L. Rosenthall

Introduction

The histological features of osteonecrosis are death
of the osteocyte and the cellular elements in the
adjacent marrow. Most investigators concede that
the stage immediately preceding cellular demise is
the interruption of the blood supply. The debate
centres around the evolution of events that lead to
the end stages of ischaemia and necrosis. The list
of conditions associated with ischaemic osteo-
necrosis is long and the aetiological connections
are frequently tenuous. The list has been divided
into definite and probable association (Ficat and
Arlet 1980). Definite aetiological associations in-
clude major trauma, caisson disease, sickle cell
disease, post-irradiation necrosis, necrosis of arterial
origin, Gaucher’s disease, frostbite and electrical
injury. In these conditions the effect follows the
cause, and their linkage and mechanism of bone
death are not too controversial. More doubt sur-
rounds the probable causes: minor trauma,
exogenous corticosteroids, cancer chemotherapy,
gout and hyperuricaemia, venous disease, bone
dysplasia (particularly in the hip), lipid distur-
bances (including alcohol abuse), connective tissue
disease (e.g. rheumatoid arthritis and systemic
lupus erythematosus not treated with steroids),
osteoporosis and osteomalacia. The nexus between
osteonecrosis and probable cause is the higher
incidence of necrosis in these conditions, but the
mechanism of bone death production, as in corti-
costeroid therapy and alcohol abuse, is not settled.
Idiopathic osteonecrosis of the capital femoral epi-

physis (Legg—Perthes disease), head of the second or
third metatarsal (Freiberg’s disease), lunate
(Kienbock's disease), medial end of the clavicle
(Priedrich’s disease), and many other locations are
well recognised, but the causative factors are
unknown.

Steroid-induced Osteonecrosis

Several hypotheses on the pathogenesis of steroid-
induced osteonecrosis have been advanced, but all
are disputed. One theory states that there is a con-
tinual process of microfracture and repair in normal
bone. The suppression of osteoblastic activity by
exogenous steroids retards the lamellar bone repair
process, and, as the number of unhealed fractures
increase, the bony structure weakens and finally
collapses (McFarland and Frost 1961). Further
support for this thesis was obtained from an exhaus-
tive investigation of iliac crest bone histology in 77
adult patients with aseptic osteonecrosis of various
bone sites and normal renal function. Nine patients,
four of whom were alcoholics, had osteomalacia.
The remaining 68 patients consisted of 15 who were
treated with steroids, 29 alcoholics and 24 with no
identifiable associated disorder other than primary
osteoporosis; all of them depicted a common
histomorphometric profile. There was a reduction
in trabecular bone volume and in the thickness of
osteoid seams, and dynamically in the calcification
rate and in total labelled surfaces determined with
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tetracycline. This implied a reduction in osteoblastic
appositional rate and in bone formation rate at the
cell and tissue level, which could impair the healing
of microfractures (Arlot et al. 1983). This has been
criticised by reports that the microfractures have not
always been found in osteonecrotic femoral heads,
but the discrepancy may be due to the histological
technique employed (Fisher 1978; Glimcher and
Kenzora 1979). Routine histological techniques
visualise the microcallus as evidence of microfrac-
ture, but special methods are required to visualise
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the microfracture directly, and these are seen to be
more numerous in patients with osteonecrosis than
in controls (Frost 1964).

A variation of this theory has been advanced to
account for the high incidence of osteonecrosis in
renal transplants. It is claimed that the persistent
secondary hyperparathyroidism after homotrans-
plantation, particularly in the presence of hyper-
calcaemia, causes trabecular erosion. Aggravated
by steroid-induced osteoporosis and loss of pain
sensitivity, the bone becomes susceptible to frac-

Fig. 12.1. Muitiple areas of steroid-induced
osteonecrosis in a renal transplant recipient. In
August 1980 the patient presented with left knee
pain. Radiophosphate demonstrated increased
concentration in the left lateral femoral condyle
(arrow). In March 1981 the intensity in the lateral
condyle decreased, but the medial condyle
exhibited enhanced uptake for the first time.
Further intensification developed in the medial
condyle in February 1982. In May 1982 the left
medial tibial plateau exhibited evidence of
osteonecrosis. Seven months later both femoral
condyles and the entire tibial plateau showed
hyperconcentration of radiophosphate. Soon
afterwards a prosthesis was implanted in the
medial compartment of the knee joint and a bone
biopsy taken at the time confirmed the presence
of necrosis. In December 1983 the left knee area
was normal, except for persistent augmented
accretion in the medial tibial plateau.
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ture and necrosis at weight-bearing sites (Ibels
et al. 1978). The hyperparathyroid aspect of the
theory was invoked, because osteonecrosis occurs
earlier in renal transplants than in patients receiv-
ing steroids for collagen-vascular diseases, and
therefore could not be caused by steroids alone.
Osteonecrosis is rare in primary hyperparathyroid-
ism, and this implies that a synergism exists between
hyperparathyroidism and exogenous steroids to
promote the occurrence of osteonecrosis (Fig. 12.1).
The microfracture theory is somewhat at odds with
the hypothesis of ischaemia as the last stage before
cell death. However, it is possible that the lesion that
surrounds the fracture can obliterate the lumina of
the adjacent vessels.

Several investigators claim to have found intra-
vascular fat emboli in human bone involved with
ischaemic necrosis (Cruesset al. 1968 ; Jones 1971).
It is postulated that steroids produce fatty metamor-
phosis of the liver which release fat globules the size
of emboli into the general circulation. Repeated
showers of these fat emboli to the subchondral end-
arteries are followed by intravascular coagulation,
fibrin thrombus propagation, focal marrow necrosis,
osteon anoxia and osteocytic death. Alcohol abuse
also induces hepatic fatty metamorphosis and it is
postulated to cause osteonecrosis by the same mech-
anism as steroids. This theory is still being argued.
It is difficult to tell whether the observed
intravascular fat caused the necrosis, or is the result
of it, i.e. the bone collapse caused the extrusion of
intramedullary fat into the Haversian canals
(Solomon 1973).

It has been alleged that steroids can cause blood
sludging, thrombosis or haemorrhage, and thereby
produce bone death (Cosgriff 1951 ; Boettcher et al.
1970). Arterial occlusion secondary to a steroid-
induced vasculitis has also been implicated (Kemper
etal. 1957; Cruess et al. 1968). Neither notion has
withstood histological scrutiny.

In an attempt to produce femoral head necrosis,
growing and adult rabbits were subjected to large
doses of cortisone over a 5-month interval. There
was an increase in serum cholesterol and fatty
metamorphosis of the liver, and fat emboli were seen
to be partially obliterating the microcirculation of
the subchondral vessels of the femoral head. The
average diameter of the marrow fat cells was also
increased, and this resulted in displacement of
the myeloid tissue. This intramedullary lipocyte
hypertrophy within a closed volume is postulated
to cause compression of the vascular sinusoids,
venous stasis, arterial insufficiency, ischaemia of
dependent tissue, fat necrosis and finally bone
necrosis, in that order; therefore it is an important
primary pathogenetic mechanism in steroid-
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associated osteonecrosis (Wang et al. 1977). Similar
histological findings were seen in patients receiving
large doses of corticosteroids, where the lipocyte
increased 68% in area at the expense of the other
myeloid elements (Solomon 1981). The early stages
of fatty congestion, venous stasis and marrow
necrosis may be unsymptomatic and depict normal
radiographic images. Measurements of intramedul-
lary pressure at this stage are either elevated, show
an abnormally high pressure increase in response
to an intramedullary saline infusion, or both. A
decompression procedure has been advocated
which involves the removal of a 10-cm core of bone
from the femoral head and neck in order to relieve
the vascular congestion and preclude necrosis. This
bone forage technique is most effective in the
preclinical or early radiographic stages of the disease
before femoral head deformity sets in (Hungerford
and Zizic 1980; Zizic et al. 1980).

The first definite radiographic sign of femoral
head steroid-induced osteonecrosis is a thin linear
subchondral lucency (crescent sign), and it repre-
sents fracture through dead bone (Fig. 12.2).
Patchy increase in density reflects reactive new bone
formation and is a late manifestation of the disease,
sometimes occurring several years after bone death
(Glimcher and Kenzora 1978).

Disclosure of the early pathological changes is
necessary in order to preclude the development of
femoral head deformity and articular complications.
Intraosseous venography will show a decreased
washout and reflux along the shaft when contrast
agent is injected into a diseased site, if the
intramedullary pressure is elevated. The intra-
osseous saline infusion stress test will also be abnor-
mal under these circumstances. Both modalities are
invasive and not practical for routine study, even
in high-risk patients. Radiocolloid imaging is
theoretically attractive, because the test agent con-
centrates in the reticuloendothelial system, and
in the course of events the decrease in myeloid
elements antedates intramedullary hypertension,
ischaemia and bone death. However, it can only be
utilised when the area of interest contains myeloid,
such as the proximal femur, but not the femoral con-
dyles. There is also a variation in normal uptake of
radiocolloid in the femoral heads. In 200 patients
with no predisposing factor to osteonecrosis, the
femoral heads were visualised bilaterally with **»Tc
sulphur colloid in only 70% (Webber and Wagner
1973). Another study related that half the femoral
head-pairs were not visualised (Spencer et al. 1982).
This evidence weighs heavily against the usefulness
of radiocolloid to disclose potential or impending
bone death. When there is gross asymmetry
between the femoral heads, then the diagnostic con-
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Fig. 12.2. Steroid-induced osteonecrosis of the left humeral head. The radiophosphate uptake in the area is increased and the radio-
graph shows the late features of necrosis, viz. flattening of the contour, sclerosis and a linear subchondral fracture (arrows).

fidence level for unilateral disease is high. Better
candidates for radiocolloid imaging are children,
who normally have more abundant myeloid tissue
in the proximal femurs, and adults with blood dys-
crasias and peripheral expansion of the red marrow.
The use of a smaller particle size may improve the
visualisation of the femoral heads in adults, because
it has been shown that colloids one-tenth the size
of sulphur colloid have a threefold greater con-
centration in the marrow (Kloiber et al. 1981).
Radiophosphate imaging is generally used to
disclose steroid-induced osteonecrosis. Avascular
bone is seen as a photon-deficient zone, and the
repair process as hyperconcentration. These por-
trayals may antedate radiographic stigmata of
osteonecrosis by several months. The photon-
deficient phase is not often seen in practice, unless
high-risk patients are scanned routinely before they
are symptomatic. One such study on renal trans-
plant recipients showed that photon-deficient
femoral heads were not uncommon before the onset
of symptoms (Hull et al. 1979). Two cases were des-
cribed of photon-deficiency in the femoral condyle

and tibial plateau which progressed to hyper-
concentration. One of the patients complained of
knee pain during the photon-deficient phase,
whereas the other did not (Burt and Mathews
1982). With high-quality images combined
increased and decreased concentrations can be
resolved in the intermediate phases of osteonecrosis
repair (Fig. 12.3). If the osteonecrosis consists of a
thin subchondral band, then the photon deficiency
will probably escape detection with radiophosphate
and only the reactive hyperconcentration will be
seen.

Drug-induced Osteonecrosis

Drugs other than steroids have been implicated in
the causation of osteonecrosis. There is an alleged
association between malignant lymphoma
(preponderantly Hodgkin's disease) and bone
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Fig. 12.3. Bilateral steroid-induced osteonecrosis of the femoral heads. This patient had been on steroids for treatment of lupus
erythematosus. She complained of bilateral hip pain, but the radiographs of the hips were normal (above). Corresponding radiophos-
phate scans (below) demonstrated increased concentration in the femoral necks (arrows). She later required bilateral total hip arth-
roplasties. The increased concentration represents the healing response. There is probably photon deficiency in part of the femoral

heads, but this is obscured by the encompassing acetabuli.

necrosis, but no definite evidence exists to prove that
the lymphoma itself predisposes to the condition
(Thorne et al. 1981 ; Editorial 1982; Harper et al.
1984). The avascular femoral heads that were
removed were not infiltrated with lymphoma, but
all patients had courses of steroids and other
chemotherapeutic agents such as vincristine,
alkylating agents and procarbazine. The steroid
doses were not high, and perhaps the other
drugs catalysed the propensity of the steroid to
induce osteonecrosis. However, osteonecrosis has
been reported with bleomycin, cyclophosphamide,
methotrexate and 5-fluorouracil in the absence of
steroids. The rare case of osteonecrosis developing

during pregnancy has been reported (McGuigan
and Fleming 1983). The radiophosphate manifes-
tation is that of increased uptake in the affected
region of bone.

Idiopathic Osteonecrosis

Idiopathic epiphyseal/metaphyseal bone necrosis
has been described in about 30 different sites. Some
of these were later shown to be developmental or
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congenital defects or normal variants and not a
result of ischaemia and necrosis. The radiophos-
phate images are variable and are contingent on the
size of the lesion, time of imaging relative to the
onset of the disease, and probably the underlying
pathogenesis, e.g. microfracture and secondary
necrosis, or ischaemia secondary to elevated
intramedullary pressure. The early stages of Legg—
Perthes disease is readily seen as a photon-deficient
zone. Osteochondritis dissecans invariably presents
as a focus of increased uptake which represents the
reactive process, while the button of separated dead
bone is too small to be resolved as a photon-deficient
focus. Osteonecrosis of the heads of the second or
third metatarsals (Freiberg’s disease) have all been
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reported as demonstrating increased radiophos-
phate only. There is a single report of osteonecrosis
of the tarsal navicular bone (Kohler’s disease),
which was photon deficient initially while the con-
current radiograph depicted flattening, sclerosis and
fragmentation. On follow-up 6 months later the
concentration returned to normal and there was
some reconstitution of the bone on the radiograph
(McCauley and Kahn 1977). Necrosis of the medial
end of the clavicle (Friedrich’'s disease) exhibits
increased uptake of radiophosphate (Fig. 12.4).
Spontaneous osteonecrosis of the medial femoral
condyle and medial tibial plateau are well-defined
clinical and pathological entities (Houptet al. 1982;
Greyson 1982; Aglietti et al. 1983). They are

Fig. 12.4a,b. Osteonecrosis of the medial end of
the right clavicle (Friedrich’s disease) in a 75-
year-old woman. She complained of
sternoclavicular pain, and there was a mild
swelling in the region. a The radiograph
demonstrated sclerosis and irregularity of the
medial cortex. b An intense focus of
radiophosphate concentration appeared in the
region, which by itself is non-specific (arrow). An
open biopsy of the region showed fibrosis of the
marrow and absence of osteocytes, i.e. necrosis.
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Fig. 12.5a,b. Spontaneous osteonecrosis of the medial femoral condyles 2 years apart in a 71-year-old woman. a The radiograph
shows a cortical depression (arrow). The initial radiograph was normal at the time the radiophosphate scan was abnormal (3 months
earlier). b Anterior and lateral radiophosphate scans. The initial episode in 1982 depicted intense concentration of tracer in the
left medial femoral condyle (arrows). A knee prosthesis was implanted. Two years later, in 1984, spontaneous onset of pain occurred
in the right medial femoral condyle and the radiophosphate scan was abnormal.

characterised by a sudden onset of knee pain
and a later development of radiographic articular
changes, similar to osteochondritis dissecans, on the
weight-bearing surface. Unlike the latter, which
occurs in a younger athletic age group, spontaneous
osteonecrosis is an affliction of older people with a
mean age of 65 years, with women outnumbering
men by a factor of two to three. It also differs from
steroid necrosis, which is not age and sex dependent,
and occurs in either the medial or lateral knee com-
partments. Spontaneous osteonecrosis of the lateral
compartment is an infrequent event. In the acute
phase the radiophosphate perfusion, blood pool and
delayed images are all abnormally high and remain
so while healing is in progress. Later in the process,
as the revascularisation subsides and remodelling
sets in, the perfusion and blood pool phases tend
towards normal, while the delayed views remain
abnormal. The end result is complete radionuclide
resolution or a picture simulating osteoarthritis,
particularly if there are radiographic changes at the
articular surface. Nucleographic abnormalities may
antedate the radiographic changes by several
months (Fig. 12.5). In fact, the process may resolve
without ever producing radiographic changes
(Lotke et al. 1977). The three-phase bone study
is most useful in distinguishing spontaneous
osteonecrosis from osteoarthritis; the latter dem-
onstrates abnormal delayed views only. Regional

hyperaemia may cause enhanced uptake beyond
the focus of necrosis on the same or both sides of
the joint, but the intensity is maximal at the focus.
The aetiology is not known.

Osteonecrosis Following Trauma

The femoral head is very susceptible to necrosis fol-
lowing femoral neck fractures. Displaced fractures
run a greater risk of femoral head necrosis than do
undisplaced fractures. In one report 40% of healed
displaced fractures resulted in osteonecrosis when
followed for at least 2 years, compared with 149%
for healed undisplaced fractures. The incidence of
absent blood flow to the femoral head immediately
following fracture varies from 66% to 849%, which
implies that about 50% of them revascularise
without sequelae (Catto 1965). Posterior hip dislo-
cations may also be complicated by ischaemia and
necrosis. Radiography is not helpful in diagnosing
avascular necrosis at its onset, because the telltale
signs may be delayed by several months after an
intracapsular fracture (Bayliss and Davidson 1977).
There is a significant correlation between the degree
of displacement of the femoral head and ischaemia,
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Fig. 12.6a—c. Avascular necrosis of the left femoral head treated by
compression screw and side plate, and a posterior pedicle bone graft.

a Preoperative **™Tc sulphur colloid scan depicting photon deficiency

of the left femoral head (arrow). b Two days postoperatively the
radiophosphate study showed photon deficiency of the femoral head and
proximal portion of the femoral neck. The increased concentration in the
greater trochanter was caused by excision of bone for grafting.

¢ Postoperative radiograph showing the fixation and bone graft.

but it is of limited predictive value in the individual
patient (Calandrucco and Anderson 1980). Earlier
radionuclide methods for diagnosing ischaemia con-
sisted of intravenous administration of *2P followed
by intraosseous measurement of its concentration,
or intraosseous deposition of !33Xe, '3[ albumin,
1311 antipyrine or 2¢Na, followed by external
monitoring of their washout. None of these gained
favour because they proved to be less simple and
efficacious than anticipated.

Bone- and marrow-seeking radiopharmaceuticals
are potentially more valuable, because they do not
entail operative intervention. *F was shown to
have the same distribution as tetracycline in both
vascular and avascular heads (Stadalnik et al.
1975). Radiophosphate deposition is primarily a

function of the integrity of the local micro-
vasculature, as is the uptake of radiocolloid by the
reticuloendothelial cells of the marrow. High-
resolution external imaging with these tracers pro-
vides information on the vascular status of the
femoral heads (Figs. 12.6, 12.7).

32p autoradiography in a series of 113 femoral
head specimens from subcapital fractures of less
than 2 weeks’ duration showed that 47% were seg-
mentally, not uniformly, ischaemic. Potentially, this
group could depict various degrees of reduced, but
not absent, uptake, unless the photon-deficient
focus is resolvable by the equipment. Numerical
ratios of the radiophosphate uptake in the involved
femoral head to the normal contralateral side have
been advocated as an improvement over visual
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Fig. 12.7. Osteonecrosis of the left talus. This teenager sustained a talar neck fracture as a result of a fall. The radiophosphate

scan demonstrated photon deficiency (arrow).

assessment and as a means of monitoring progress
of repair (Bauer et al. 1980; Stromgqvist et al. 1984).
Less than half the activity monitored over a normal
femoral head has been shown to be emitted from
the head itself; most of the radiation emanates from
the soft tissues anterior and posterior to the head.
Trauma induces a regional hyperaemia which
includes the soft tissues. During the first 48 h the
elevated soft tissue background of radiophosphate
may obfuscate the femoral head ischaemia, particu-
larly if it is segmental, and thereby cause a falsely
negative interpretation.

Radiocolloid imaging for viability of the femoral
head has been claimed to be superior to radiophos-
phate within the first 24 h of the fracture. This is
based on the observation that the death of the
myeloid elements precedes osteocytic death by up
to several days (Catto 1965). A rabbit model consist-
ing of subcapital osteotomy and division of the
ligamentum teres demonstrated absent uptake of
29mTc antimony colloid in all animals within 24 h,
whereas a small subset which also received radio-
phosphate showed no reduction in uptake. In a
patient study the accuracy of *°=Tc sulphur colloid
imaging was reported to be 95% as confirmed by
histological findings and clinical course (Meyers et
al. 1977). Using °°~Tc antimony colloid, the
presence or absence of femoral head uptake
preoperatively predicted normal healing or sub-
sequent osteonecrosis, respectively, in 28 out of 30
(93%) patients who were followed for a maximum
of 2 years (Turner 1983). This implies that a
preoperative finding of absent femoral head uptake

indicates no chance of healing normally—an argu-
able deduction. One of the factors governing the
radiophosphate uptake in bone is blood flow ; how-
ever, even though the osteocyte is known to survive
for a time after ischaemia, this should not override
the lack of normal delivery to the area and present
a falsely positive indication of bone viability.
Perhaps there is a radiophosphate photon deficiency
of the femoral head that is being obscured by the
traumatic soft tissue hyperaemia in the immediate
area during the initial 2448 h. Conversely, it has
been shown in an experimental bone graft
revascularisation study that radiophosphate uptake
corresponded spatially to the neovasculature and
that it could take place in the absence of live osteo-
cytes; it was strictly a chemical adsorption process
onto the apatite crystal (Bos 1979). In other words,
it was flow limited. Good correlations between
external radiophosphate femoral head count ratios,
bone biopsy assay of radiophosphate and intravital
bone staining with tetracycline in fresh subcapital
fractures in patients has been reported (Stromgqvist
et al. 1984). Many authors are sceptical about the
validity of radiocolloid imaging, because of the vari-
ation in the number of reticuloendothelial cells in
the femoral head, particularly in the older age
group. While it is true that three to four times more
marrow uptake is achieved with small colloid sizes,
such as antimony colloid, which is a factor of 10
to 20 smaller than sulphur colloid, the dearth of reti-
culoendothelial cells is a limiting factor. A definitive
crossover study between the two radiopharmaceuti-
cals is yet to be done.
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It has been shown that femoral heads that are
visualised as vascular by radiophosphate pre-
operatively may become avascular after reduction
and nailing, implicating the surgical procedure as
the cause. This is a reason to obtain postoperative
images for a more realistic assessment of the status
of the femoral head. Radiocolloid is at a disadvan-
tage here, because the orthopaedic nail replaces part
of the marrow. In one series of 15 patients with
ischaemic femoral heads, normal perfusion and
blood pool images were obtained in 3 in the immedi-
ate perioperative period, whereas the delayed views
were all abnormal. This was attributed to the
regional traumatic soft tissue hyperaemia (Bauer et
al. 1980).

The Bone Scan in Avascular Necrosis

The controversy over the relative merits of radio-
colloid and radiophosphate, or whether these
studies are indicated, rests largely on the philosophy
of management of transcervical femoral fractures.
If the disclosure of ischaemia in a fracture dictates
removal of the femoral head and implantation of an
endoprosthesis as opposed to reduction and fixation,
then selection of the most sensitive test is man-
datory. On the other hand, if the tendency is
to reduce and fix all fractures, particularly in
the younger age group, then nucleography is
redundant, except perhaps sometimes in the post-
operative period to document the vascularity of the
femoral head. If the degree of displacement is a
determining factor, radiography is all that is needed.

Fig. 12.8a,b. Osteonecrosis and revascularisation
of a femoral head. This elderly woman fell and
suffered a left femoral neck fracture. It was
reduced and fixed with pins. a Preoperative **™Tc
sulphur colloid scan demonstrates the avascular
left femoral head (arrow). b Preoperative
radiophosphate scan (April 1983) also shows
photon deficiency in the left femoral head (arrow).
Three months later (July 1983) the head has
revascularised. There is increased intensity at the
fracture line, which is undergoing remodelling.
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Fig. 12.9. Aborted revascularisation of the femoral head following a transcervical fracture. In February 1982 the patient sustained
a fracture, and the radiophosphate scan the following day demonstrated an avascular head. This was reduced and fixed with five
Knowles pins. Two months later (April 1982) there was no appreciable revascularisation. In March 1983 only a small curvilinear
segment of the femoral head depicted creeping substitution. The head was removed and replaced with an endoprosthesis. Histologically
the head was dead, and a barrier of fibrocartilage separated it from the femoral neck.

Arthroplasty has its complications and the long-
term results are poor, although it can always be
used if healing is complicated by necrosis after
reduction and fixation. A survey showed a 20% 6-
month mortality in elderly patients and an
incidence of good results in only 28% of those
treated by primary prosthetic arthroplasty (Hunter
1980). There is also some debate about the value
of supplementing reduction and fixation with a pos-
terior pedicle bone graft. a more lengthy operative
procedure. Allegedly, it reduces the incidence of
osteonecrosis following ischaemia in displaced frac-
tures, but this has to be confirmed. The preoperative
role of radionuclide imaging is yet to be defined and
it will vary with the institution.

Revascularisation of an ischaemic head is seen as
a progressive inroad of radiophosphate deposition,
commencing at the fracture line. In an uncompli-
cated course revascularisation and disappearance of
the photon-deficient zone are completed in about 3
months (Fig. 12.8). This can be frustrated by the
development of a fibrocartilagenous barrier which
halts the healing process and encourages collapse
and deformation of the articular surface of the
femoral head. It provides a mixed picture of per-
sistent photon deficiency and adjacent hyper-
concentration of radiophosphate (Fig. 12.9).

Caisson Disease

The commonly held theory of causation of caisson
disease, viz. bone necrosis caused by infarction from
gas bubbles appearing during decompression and
interfering with the blood supply to bone, is being
questioned (McCallum 1984). Large areas of bone
are often infarcted, which implies that a large vessel
or several medium-sized vessels are occluded by gas
bubbles of considerable size. Also, infarctions in
other parts of the body, e.g. liver, spleen and kidney,
do not occur. This restriction to bone suggests a
mechanism that must be rationalised in terms of the
peculiarities of the osseous anatomy. It has been
reported that there is a decrease in blood flow in the
bones of animals during exposure to compressed air.
Exposing fat cells to similar conditions increased
their size, presumably as a result of oxygen toxicity.
The mechanism propounded is somewhat similar to
that of steroid-induced osteonecrosis; an increase in
fat cell size within the rigid intraosseous extra-
vascular compartment, venous compression and
congestion, reduction in blood flow and inhibition
of the clearance of gas from the marrow during
decompression, which somehow contributes to the
onset of necrosis (Pooley and Walder 1980; Gregg
et al. 1980). Other proffered mechanisms include fat
embolism, intravascular erythrocyte agglutination,
platelet thrombi and the osmotic effect of gas dis-
solved in the tissues. None have gained acceptance.

The radiographic incidence of bone necrosis in
divers, in one or more sites, is 4%. In descending
order, the lower end of the femur, head of the
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humerus, upper end of the tibia, shaft of the
humerus and head of the femur are most frequently
affected. These are generally symptomless, but
lesions adjacent to a joint surface may collapse and
cause disability. This occurs in 10%~40% of juxta-
articular lesions.

The role of radiophosphate bone imaging in cais-
son disease is under study, and its contribution to
management is not fully defined. Experimentally,
the injection of a saline suspension of 50-70 um
glass microspheres into the external iliac artery pro-
duced bone and marrow necrosis. Radiographic
changes developed in 2 of 14 animals, whereas
radiophosphate images depicted focal increased
uptake in 12 of the 14 animals 3 weeks after
vascular blockage. The increased uptake persisted
for 3 months. No mention was made of the
radiophosphate portrayal soon after the vascular
occlusion, so that it is not known whether the
hyperconcentration was preceded by photon defi-
ciency (Gregg and Walder 1980). Biopsy of the areas
exhibiting focal accretion showed the typical picture
of bone and marrow necrosis. It was concluded that
bone scintigraphy was more sensitive than
radiography.

Radiophosphate bone scans in divers were found
to be abnormal as early as a few days after decom-
pression. About 18% of the lesions progressed to
produce visible changes on the radiograph, and
those that did were usually smaller in area on the
radiograph than on the scan. The radiographic
appearance is most often of sclerosis, but a mixed
pattern of sclerosis and lucency can also occur. In
a study of 12 men who ceased working in a hyper-
baric environment for at least 10 years it was found
that the radiographic lesions changed very little
with time. Ten men had 18 sites of increased focal
accretion by radiophosphate imaging, and some of
these were not detected by radiography. It can be
inferred that the healing process may continue for
many years after the insult, whereas those lesions
which appear radiographically sclerotic but normal
on the radiophosphate bone scan are quiescent
(Gregg and Walder 1981).

In a small series of eight divers it was found that
parametric or functional radiophosphate imaging
may be helpful in predicting which lesions
will develop radiographic changes, or true
unrevascularised osteonecrosis. Using a gamma
camera and a computer program to image two rate
constants, accretion and amplitude, functional
images were produced. The amplitude images reflect
osteoblastic activity and the accretion images relate
the status of the microvasculature. Three patients
had accretion rate images which depicted little or
no increased intensity, i.e. a dearth of perfusion ; two
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eventually produced radiographic evidence of
osteonecrosis; and one had these changes at the
time of the study. All had abnormal delayed and
intense amplitude rate images consistent with con-
tinuing osteoblastic activity. The claim is that this
analysis can predict which bone scan lesions will
develop necrosis (MacLeod et al. 1982). If these
initial studies are substantiated by further exper-
ience then it will be possible to forecast which juxta-
articular lesions are at risk of developing structural
deformities. It is still not known whether this
early knowledge can be used to prevent future
complications.

Legg—Perthes Disease

The pathological evidence of Legg—Perthes disease
is an osteonecrosis of the capital femoral epiphysis
that may extend to the epiphyseal plate and
metaphysis with secondary changes in contours of
the acetabulum in a growing child. The aetiology
is still obscure. It is believed to be vascular in origin,
perhaps from multiple infarcts (Sanchis et al. 1973).
Alterations in blood coagulability and a relatively
insufficient blood supply to a growing epiphysis
have also been suggested mechanisms. Transient
synovitis is considered by some investigators to be
a predisposing cause through a process of intracap-
sular tamponade and secondary ischaemia. In an
experimental animal model in which the synovial
cavity was filled with fluid under pressure it was
shown that about 4h of this intracapsular
tamponade induced marrow cell death, whereas
more than 6 h caused osteocyte and osteoblast
death as well, although the vessels appeared histo-
logically normal and their lumina remained patent
(Kemp 1973). It is for this reason that immediate
aspiration and decompression is advised for tran-
sient synovitis in order to reduce the duration of
ischaemia, if it exists, and thereby forestall the onset
of bone necrosis. Transient synovitis occurs equally
in both sexes, but osteonecrosis is five times more
prevalent in boys. The reason for this disparity is
unknown.

Radiocolloid and radiophosphate are both cap-
able of disclosing the ischaemia. High-resolution
images with a pin-hole or convergent collimator, or
electronic magnification are necessary for a detailed
assessment of the distribution pattern. The entire
femoral head is not always ischaemic; some may
show quadrant involvement only (LaMont et al.
1981). The reparative process is visualised earlier
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Fig. 12.10a,b. Bilateral Legg—Perthes disease. a The radiograph
showed fragmentation and resorption of the left capital femoral
epiphysis. An intact femoral epiphysis was seen on the left.
b Bilateral avascular femoral epiphyses were depicted with the
radiophosphate images (arrows).

with radiophosphate, because osteal repair ante-
dates marrow repopulation.

Before revascularisation takes place the radio-
phosphate portrayal is that of photon deficiency
involving all or part of the femoral head
(Fig. 12.10). The manifestation of healing is
hyperconcentration, and it begins at the periphery
of the photopaenic zone, and progressively sur-
rounds and invaginates the necrotic area. With
complete uncomplicated repair, the femoral head
uptake of radiophosphate returns to normal. The
spatial deposition of radiophosphate reflects the
areas of neovasculature penetration and creeping
substitution.

The diagnostic sensitivity and specificity of radio-
phosphate’ imaging for Legg—Perthes disease are
0.98 and 0.95, respectively, compared with radio-
graphy, in which they are 0.92 and 0.78, respect-
ively. An analysis of 147 patients with osteonecrosis
demonstrated an association between the size of the
radiophosphate zone of photopaenia and the sub-
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sequent degree of radiographic deformity, i.e. epi-
physeal flattening and fragmentation. In this series,
the signs of radiophosphate healing preceded those
of radiography by 3-6 months (Fisher et al. 1980).
Radiophosphate scintigraphy was performed in 24
patients within 4 months of the onset of symptoms.
In 18 patients out of 24 patients 20 hips developed
Legg-Perthes disease, and all showed photon defi-
ciency with radiophosphate, whereas 2 had normal
radiographs at the initial examination. The remain-
ing six patients had normal imaging studies
throughout the follow-up period and were
presumed to have had transient synovitis (Fasting
et al. 1978). A true-positive frequency of 100% has
also been reported in 59 patients with documented
Legg—Perthes disease by utilising radiophosphate
and a pin-hole collimator (Danigelis 1976).

Slipped Capital Femoral Epiphysis

Epiphyseal slippage is classified into three types:
minimal slip, marked slip without osteonecrosis and
marked slip with osteonecrosis. The cause of this dis-
order is conjectural, and it may be manifold. Severe
trauma can doubtless produce a fracture through
the growth plate and slipping of the epiphysis, but
the usual history obtained is that of minimal or
moderate trauma. Other predisposing conditions
have been suggested and these include mechanical
stress (Chung et al. 1976), biochemical disorders
(Eisenstein and Rothschild 1976), hormonal abber-
rations (Harris 1950), inflammation (Howarth
1966), genetic abnormalities (Rennie 1967) and
radiation therapy (Libshitz and Edeiken 1981). The
site of fissure and slipping is the zone of hypertrophic
chondrocytes of the growth plate; 40% of the
patients present with bilateral involvement
(Fig. 12.11). Both radiophosphate and radiocolloid
can be used to determine the vascular integrity of
the femoral head in this age group.

Sickle Cell Disease

The proposed pathogenic mechanism for infarction
is occlusion of small vessels in marrow and bone by
sickled cells. While any bone may be involved,
weight-bearing areas of long bones adjacent to ar-
ticular surfaces are most frequently affected. In 81
patients, it was found that the sites most often afflic-
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Fig. 12.11. Slipped epiphyses in a 5-year-old girl with hypophos-
phatasia and rickets. Radiograph (below) showed fragmentation
and resorption of the right capital femoral epiphysis and marked
slipping of the left epiphysis. Corresponding radiophosphate
images (above) portrayed an absence of uptake in the right epi-
physis, but there was concentration in the slipped left epiphysis,
indicating viability (arrow).

ted, in descending order, were the femur, tibia,
humerus, fibula, radius and ulna; 249% of the group
had symmetrical infarcts (Bohrer 1970). Radio
graphic signs of ischaemic necrosis are either late
in developing or may never appear at all and are
therefore not helpful when the patient is in an acute
crisis (Lutzker and Alavi 1976). The clinical presen-
tation of sickle cell infarction is that of fever, acute
localised bone pain and swelling of overlying soft tis-
sues if periosteal bone is involved (Lukens 1981).
These signs and symptoms are not dissimilar to
those of osteomyelitis, and since an opportunistic
osteomyelitis may complicate infarcted marrow and
bone, an early differentiation of the two entities is
required. To sort this out three radiopharmaceuti-
cals have been utilised : radiocolloid to visualise the
reticuloendothelial cells of the marrow, radiophos-
phate to identify the bone, and ¢’Ga to delineate the
septic tissue. ¢’Ga is not ideal, because it has a nor-
mal propensity to concentrate in marrow and bone,
but it has been used successfully when the relative
uptakes in different parts of the bone are being con-
sidered. Indium-labelled white cells might be an
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improvement over ¢’Ga, but there are no substan-
tive reports of its efficacy in sickle cell disease.

There is expansion of the red marrow into the dis-
tal ends of the appendicular skeleton in patients
afflicted with sickle cell disease, and this broadens
the application of radiocolloid imaging. A marrow
infarct is seen as a photon-deficient zone in a radio-
colloid image. In time an infarct may repopulate
completely, partially or not at all. Therefore, dis-
closure of photon deficiency bears no relationship
to the time of the event, unless there are previous
studies for comparison, in which case an enlarge-
ment of the area of photopaenia is highly suggestive
of a recent infarct. Infarcts are not necessarily
accompanied by local symptoms; silent infarcts are
known to occur. It is estimated that about 50% of
patients imaged with **™Tc sulphur colloid during
the asymptomatic period will manifest focal areas
of decreased or absent radioactivity, probably
representing fibrosis of previous infarctions (Alavi
etal. 1974).

Radiophosphate imaging can identify a recent
bone infarct, because old bone infarcts caused by
sickle cell disease heal. Immediately after the onset
of ischaemia there is a zone of photon deficiency
(Fig. 12.12). This is followed by a repair process
at the periphery which is reflected on the scan
as a ring of hyperconcentration surrounding
the photopaenic zone. With further progress the
photopaenia disappears and the area exhibits a
hyperconcentration which can be mistaken for
osteomyelitis at this point of healing. At the end
stage of repair the radiophosphate concentration is
normal (Greyson and Kassel 1976).

The area of marrow infarction is usually larger
than the bone component. Bone has a dual blood
supply, endosteal and periosteal, and the presence
of the latter probably minimises the extent of
necrosis and hastens its repair. In a set of nine
patients with uncomplicated bone infarctions, the
%7Ga portrayal was that of absent or decreased
uptake within the first week of the insult, but the
older ones were normal (Fig. 12.13). This normal
uptake occurred even when the corresponding
radiophosphate scans demonstrated hyperconcen-
tration (Armas and Goldsmith 1984).

Osteomyelitis is an uncommon complication and
it may occur as the primary event in sickle cell
disease, or more likely develop as an opportunistic
infection in an infarcted area. In either case it must
be distinguished from a sickle cell crisis, because the
treatment is different. There are no large radio-
nuclide studies recorded from which to draw statisti-
cal conclusions, but from anecdotal reports there
emerge several diagnostic portrayals using com-
binations of radiotracers. If the contentious area
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Fig. 12.12. Sickle cell crisis. The radiophosphate whole-body survey demonstrated photopaenia in the lower half of the body of
the sternum (arrow), indicative of a recent infarct. Both tibiae exhibited diffusely high uptake consistent with ongoing repair of
previous infarctions. Lower grades of concentration were observed in the distal femoral shafts which could represent either a subsiding

repair process or a reaction to a very cellular marrow.

shows intense uptake of radiophosphate, but no
radiocolloid photon deficiency, then osteomyelitis is
highly probable. If this area also shows an intense
%7Ga uptake, then the diagnosis is even more
certain. Absent radiocolloid deposition and a sur-
rounding rim of radiophosphate strongly favours
osteonecrosis, but if there is also an intense ¢’Ga
concentration then osteomyelitis is more likely.

Gaucher’s Disease

Gaucher’s disease features an abnormal accumu-
lation of cerebroglycosides in the reticuloendothelial
cells, Within the rigid confines of bone, this
encroaches upon the lumina of the marrow capil-

laries and reduces intramedullary circulation. This
can ultimately lead to ischaemia and osteonecrosis.
The clinical presentation may mimic osteomyelitis
in that there can be fever and local pain.
Photopaenia with radiocolloid, radiophosphate and
$7Ga is characteristic of an acute infarction, whereas
osteomyelitis depicts an intense ¢’Ga uptake. The
criteria are the same as for sickle cell infarction.
Packing of the marrow with these Gaucher cells can
cause bone resorption and fracture.

Radiation Osteonecrosis

Originally it was thought that the primary effect of
radiation was on the bone cells, i.e. osteocytes,
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Fig. 12.13a—c. Bone infarction in sickle cell disease. Patient complained of sudden onset of thigh pain which was accompanied
by local tenderness and warmth, and pyrexia. Osteomyelitis was considered in the differential diagnosis. a Radiophosphate scan
demonstrated an area of photon deficiency in the left femoral diaphysis (arrow). b The **™Tc sulphur colloid scan showed a larger,
more clearly defined area of photopaenia (arrow). ¢ Anterior and lateral ¢’Ga images also depicted a large photopaenic zone, similar

to the radiocolloid (arrow). This effectively excluded osteomyelitis.

osteoblasts and osteoclasts. The bulk of evidence
currently supports the concept that radiation
damage is mediated through alterations in the
microvasculature, which becomes partially or com-
pletely occluded (King et al. 1979). The direct affect
on bone cells constitutes a minor contribution to the
radiation sequelae, and their demise is primarily a
result of ischaemia. Shortly after radiation there
may be dn increase in radiophosphate uptake
secondary to an inflammatory hyperaemia. In time
this recedes, and the radiophosphate uptake may be
less than normal, depending on the patency of the
microvasculature, which in turn is a function of the
dose administered. Doses of about 30 Gy (3000

rads) in 3 weeks induce a depression in marrow and
bone uptake of radiocolloid and radiophosphate,
respectively, and this is strictly limited to the
outlines of the treatment field (Bell et al. 1969 ; Cox
1974). Marrow depression is greater than bone for
the same dose. The likelihood of irreversible
osteonecrosis is increased with absorbed doses in the
neighbourhood of 60 Gy (6000 rads) in 6 weeks.
Loss of bone viability makes the bone susceptible to
injury and infection, and the expected response of
hyperconcentration of radiophosphate to these
complications may be frustrated (Fig. 12.14).
Sarcomatous degeneration is also an uncommon
complication (Fig. 12.15).



Frostbite

167

Fig. 12.14. Radiation osteonecrosis. This patient received 60 Gy (6000 rads) to the mandible through parallel opposing fields as
treatment for a submandibular tumour 15 years previously. A smouldering, chronic osteomyelitis with acute flare-ups developed
in a bed of revitalised bone and soft tissue. A sinus tract extended to the floor of the mouth anteriorly and spicules of sequestered
bone were removed periodically. There was no focal reactive radiophosphate uptake to the osteomyelitis (nor ¢’Ga; not shown)
on 15 August 1980. On 29 December 1981 the radiophosphate images of the mandible exhibited two avascular areas (arrows).
The segment of bone at the mentum had separated from the mandible.

Frostbite

Frostbite injuries of bone can result from
microvascular occlusion and bone cell disruption.
There is evidence of crystal formation directly caus-
ing bone cell damage, but the major cause of
osteonecrosis is felt to be due to trauma of the endo-
thelial lining of the microvasculature. This leads to
increased vessel wall permeability, plasma tran-
sudation, erythrocyte stasis and sludging, and
arteriovenous shunting of the nutritive blood flow
proximal to the injured area. Injury to the overlying
soft tissue usually exceeds the incidence and extent
of bone necrosis, because of the existing thermal
gradient between the superficial and deep tissues in
cold injury. Plain film radiography of the affected
part soon after the bone insult demonstrates normal
density and architecture and gives no indication of
osteonecrosis. The presence of subcutaneous gas at
this time, when it occurs, is a bad prognostic sign
(Tishler 1972).

Radiophosphate is eminently suited for defining
the area of necrosis, which presents as absent

uptake (Fig. 12.16; Lisbona and Rosenthall 1976).
Invariably, there is an adjacent increased con-
centration as a result of reactive hyperaemia.
Muscle injury may, on occasion, concentrate radio-
phosphate, but this lasts about a week—a course
similar to the concentration in myocardial infarcts
(Rosenthall et al. 1981).

Electrical Burns

High-tension electrical burns cause soft tissue and
bone necrosis. The deep muscles often show greater
involvement than the skin. Osteonecrosis manifests
as absent uptake of radiophosphate, which may not
necessarily involve the full thickness of bone, and
there may be an adjacent reactive hyperconcen-
tration (Fig. 12.17). Between 24 h and 6 days after
the insult, there is radiophosphate deposition in the
damaged muscle, and this has clinical utility in the
selection of sites for debridement (Hunt et al. 1979).
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Fig. 12.15a,b. Radiation necrosis and radiation-induced osteosarcoma. At 23 years of age (1962) this man was given 62 Gy (6200
rads) in 58 days to the left hip for treatment of a giant cell tumour in the intertrochanteric region. This was delivered through
parallel opposed treatment portals measuring 15 x 15 cm. a Twenty-one years after treatment (December 1983) he developed left
hip pain secondary to avascular necrosis. The radiophosphate scan showed a focus of increased concentration (arrow). A gluteus
medius vascular pedicle graft was applied, and the radiophosphate bone scan 3 months later (May 1984) demonstrated increased
activity which represented the bone graft and perhaps partial revascularisation of the head. In January 1985 a femoral neck fracture
occurred and the head lost its blood supply. More serious was the development of a focus of increased radiophosphate uptake just
superior to the left acetabulum and extending into the soft tissues (arrow). This was an osteosarcoma arising at the edge of the
treatment fields applied 23 years previously. The scan taken in April 1985 showed rapid enlargement of the osteosarcoma over
a 3-month interval. b Radiograph of the left hip taken in February 1985 showed the osteosarcoma (arrow) and the femoral neck
fracture. c Radiograph taken 2 months later (April 1985) showed further enlargement of the osteosarcoma.
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Fig. 12.16. Frostbite of the left foot. The radiophosphate images (?*"Tc-MDP) portrayed absent uptake in the bones of the first,
second, third and fourth phalanges, and head of the third metatarsal of the left foot. Normal right foot. **»Tc macroaggregates
of albumin (**"Tc-MAA) were injected into the left femoral artery to delineate the status of the microcirculation. (m, a radioactive
marker at the distal tip of the foot.) The extent of soft tissue and bone necrosis is the same as shown in the radiophosphate images.

Fig. 12.17. Electrical burn causing bone and muscle necrosis.
A 12 000 V current entered the right hand and exited at the left
elbow. There is complete death of the flesh and bone just distal
to the right elbow, as seen by the complete absence of radiophos-
phate concentration. The right humerus depicts irregular uptake
throughout the shaft, consistent with irregular necrosis. A reac-
tive hyperaemia is present in the humeral head. Radiophosphate
deposition in the soft tissue represents muscle necrosis (arrows).
The left upper extremity shows extensive soft tissue deposition
of the test agent from the proximal arm to the proximal forearm,
obscuring the status of the underlying bones. Hyperaemia of the
left hand is noted. (Courtesy of Dr. R. Lisbona)
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Juvenile Kyphosis

Juvenile kyphosis is also known as Scheuermann'’s
disease, and its aetiology has been attributed to
osteonecrosis of the vertebral end-plates, disc herni-
ation, mechanical stress and endocrine or nutri-
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Fig. 12.18a,b. Successful microvascular bone graft. This 17-year-
old boy had an en bloc resection of a recurrent cyst in the right
humerus, and the gap was spanned with a microvascularised
fibular transplant graft. a Left: Arteriogram 6 weeks postoperatively
demonstrates a patent vascular supply. Right: Incorporation of the
graft edges at 5 months. b Periodic follow-up radiophosphate bone
images. At 2 days (2d po) the fibular graft depicts concentration
indicating viability of the vascular microanastomosis (arrows). One
week later (1w po) there is a higher concentration in the graft, and
this is probably due to a remission of an initial vasospasm and
oedema. At 5 months (5m po) the gratft is still thriving.

tional disorders. Despite the radiographic findings of
wedged thoracic vertebrae, irregular fragmented
epiphyseal plates and Schmorl node impressions,
the radiophosphate scans have all been normal,
unless there was an intervening complication (Ket-
tunen and Karjalainen 1969; Winter et al. 1981).
The reason for this is not clear, unless the metabolic
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reaction to the disorder subsides long before the
radiographic changes become apparent, or the reac-
tion is too low grade to be resolved by external
imaging

Bone Graft Revascularisation

Bone graft revascularisation and viability can be
studied by radiography, tetracycline labelling and
tissue biopsy, but these methods are either insensi-
tive, subjective or inherently destructive. Radio-
phosphate bone imaging provides an innocuous
method of monitoring the progress of bone graft
healing, and it has been shown to provide informa-
tion on the status of the graft earlier than radiogra-
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phy (Stevenson et al. 1974). Four types of bone graft
have been used: bone without inherent vascular
supply; bone graft vascularised via intact pedicles
of nutrient blood vessels, skin, muscle and omen-
tum; bone graft transferred with its nutrient ves-
sel(s) and microanastomosed to the vessels in the
recipient bed; bone graft transferred with an artery,
vein or vascular bundle implanted into a hole drilled
in the graft.

In a conventional bone graft, where there is no
inherent vascular supply, revascularisation takes
place by vessel ingrowth from the points of contact
with the host-bone via the old circulatory cavities.
It is estimated that the neovasculature penetrates
the cancellous bone at a rate of 0.2-0.4 mm/day
and the cortical bone at 0.15-0.3 mm/day (Albrekt-
son 1980). New bone is deposited on necrotic bone
in the cancellous part, thereby provoking increased
density on the radiograph. The process differs in cor-

b

Fig. 12.19a,b. Failed microvascular bone graft. a Postoperative radiograph following block resection of a primary sarcoma of the
left femur and the transplant of a microvascular fibular graft. b Radiophosphate study 3 days postoperatively shows no deposition
in the graft, an indication of occlusion of the micro-anastomosed vessels. Surgical muscle injury and host-bone

reaction account for the enhanced uptakes in the scan.



172

tical bone wherein there is an initial resorption of
bone along the old osteons with neovascular pen-
etration, making the graft weaker and more radiolu-
cent. There is appositional new bone formation
following the resorption, but it takes some time for
normal bone strength to be restored. In man, the
incidence of fatigue fractures in long-bone auto-
grafts caused by resorption weakness is greatest
between 6 and 18 months after grafting. The radio-
phosphate portrayal is that of increased uptakes at
the host—graft junctions, which will extend towards
each other and coalesce with successful revas-
cularisation. A failed graft does not concentrate
radiophosphate.

Microvascularised and functioning pedicle bone
grafts have their blood supply intact from the begin-
ning and these show normal or increased radiophos-
phate concentration. The increased uptake is
probably a manifestation of hyperaemia secondary
to opening of normally dormant vascular channels.
Vascular bundle implanted grafts exhibit enhanced
concentration at the host—graft junctions and at the
point of vascular implantation. The three sites fuse
with successful revascularisation.

A microvascular transplant can still function as
a conventional graft if its blood supply fails. How-
ever, the sleeve of soft tissue which is transferred
with the bone undergoes necrosis, and this tends to
frustrate conventional bone graft healing, in much
the same way as the incidence of conventional graft
success is reduced when applied in a bed of
devitalised tissue (Bos 1979). Necrotic soft tissue is
known to concentrate radiophosphate, and this can
be a potential source of error in judging bone graft
viability. A recent experimental study utilising dog
rib grafts has shown this to be an insignificant
factor and not a source of interpretative error
(Papanastasiou et al. 1983 ; Figs. 12.18, 12.19).

Mounting evidence supports the contention that
radiophosphate imaging is an accurate, non-
invasive method of assessing the progress of
revascularisation of conventional and vascular bun-
dle implanted bone grafts, and in determining the
integrity of the blood supply in microvascularised
bone grafts. The radiophosphate uptake has been
shown to have a spatial congruence with the
neomicrovasculature penetration (Lisbona et al.
1980; Berggren et al. 1982 ; Lalonde et al. 1984).
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13 - Orthopaedic Applications of Single
Photon Emission Computed Tomographic

Bone Scanning

B. D. Collier

Introduction

When compared with planar bone scanning, single
photon emission computed tomography (SPECT)
has technical advantages of potential diagnostic sig-
nificance. Planar imaging often superimposes sub-
stantial underlying or overlying activity on the bony
structures of medical interest. SPECT, however, can
be used to remove such unwanted activity. For
example, in the hip the acetabulum extends down-
wards behind the femoral head. Therefore, when
using planar bone scanning techniques, the photon-
deficient defect typical of avascular necrosis (AVN)
of the femoral head may be obscured by activity
originating in the underlying acetabulum. By using
SPECT, underlying and overlying distributions of
activity can be separated into sequential tomo-
graphic planes. For this reason SPECT facilitates the
detection of AVN of the femoral head (Collier et al.
1984a, 1985b).

When referring a patient without a history of
malignancy for bone scanning, the orthopaedic
surgeon usually has a specific clinical question
involving a limited portion of the skeleton.
Orthopaedic surgeons at our institution commonly
use bone scanning to clarify the cause of back, hip
or knee pain; to determine with a physiological test
the significince of radiographic findings; and to
establish the extent of disease at symptomatic
skeletal sites such as the three compartments of the
knee. In instances such as these, when clinical con-
cern is limited to a specific anatomical region, a bone
scan procedure that includes SPECT imaging of only

a portion of the skeleton is appropriate. To date,
SPECT of the skeletal system has most frequently
been used to evaluate patients with pain in the
larger joints and bony structures such as the lumbar
spine, hips, knees, or temporomandibular joints

(T™]).

Principles

In comparison with planar imaging, SPECT bone
scanning increases image contrast by removing
from the diagnostic image the activity (noise) from
in front and behind the plane in which activity of
medical interest (signal) is distributed. As is shown
in Fig. 13.1, removal of activity from underlying

Fig. 13.1 Improved signal/noise ratio with SPECT.
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and overlying planes improves the SPECT signal/
noise ratio. This improvement in signal/noise ratio
increases image contrast and facilitates detection of
skeletal lesions. An added benefit of SPECT bone
scanning is improved positional information which
allows the observer to distinguish between bony
structures that overlap on planar images.

Itis important to recognise that the spatial resolu-
tion of SPECT bone scanning is inferior to that which
can be obtained using planar techniques. Therefore,
when examining the hands, feet or other relatively
small bony structures there is a trade-off between
spatial resolution and image contrast which usually
favours high-resolution planar imaging.

Techniques

SPECT supplements but does not replace planar
bone scanning. In addition, many patients com-
plaining of back, hip or knee pain may benefit from
a radionuclide flow study and blood pool imaging
procedure. At our institution, the imaging sequence
for such patients is as follows:

1. Flow study (5 s/frame)

2. Blood pool image (500 000 counts)
3. Planar bone scanning

4. SPECT bone scanning

For some adult patients the diagnostic quality of
SPECT may be count limited. Therefore, an adult
dose of 25 mCi (925 MBq) of *°*Tc medronate is
used.

Positioning for SPECT bone scanning at our
institution requires that the patient lies supine and
immobile on the imaging table for 21 min while a
gamma camera rotates through 360° to complete
data acquisition. The importance of bilaterally sym-
metrical skeletal positioning for an optimal SPECT
bone scan should be emphasised. Bilaterally sym-
metrical positioning of bony structures, e.g. having
both knees equally extended and in a neutral posi-
tion, results in SPECT images for which any left-to-
right asymmetry is due to pathological conditions
in the skeleton rather than flaws in positioning.
Special considerations when positioning patients for
orthopaedic SPECT bone scans are listed in Table
13.1.

Data acquisition should be performed with a
gamma camera which has passed previously des-
cribed quality control tests (Eisner 1985). Based on
an acceptable trade-off between sensitivity and

Orthopaedic Applications of Single Photon Emission Computed Tomographic Bone Scanning

Table 13.1. Patient positioning for orthopaedic SPECT bone
scanning

Bony structures Special positioning Pitfalls

1. Knees 5-to 7-cm (2- to 3-in) For obese patients both
pad between knees.  knees may not fit in
Secure knees with field of view
straps to prevent
motion. Secure feet in
neutral position to
prevent rotation
2. Hips and Empty bladder before Bladder filling during
pelvis examination. Position examination creates
hips symmetrically  artefacts
and secure knees and/
or feet to prevent
motion

Keep arms out of field Patients with back
of view. A pillow pain often move
under the knees may during the

relieve back pain examination

3. Lumbar spine

resolution, a low-energy general-purpose collimator
is recommended for SPECT bone scanning. For the
circular gamma cameras with 400 mm field of
view! used at our institution for over 2000
orthopaedic SPECT bone scans, data acquired using
a standard protocol (64 x 64 matrix, 64 projections
over 360° of circular rotation, 20 s per projection)
has routinely produced SPECT images of good tech-
nical and diagnostic quality (Collier et al. 1985c).
In clinical practice, no artefacts caused by incom-
plete angular sampling, gamma camera non-
uniformity, variations in centre of rotation, or
gantry instability have occurred in this series.

Data processing begins with a 9-point spatial
smooth on each of the 64 projections. After this
“preprocessing’ of the 64 projections, one slice
thick transaxial, coronal and sagittal tomograms
(approximately 6 mm thick tomograms for our
gamma camera system) are reconstructed using
filtered backprojection with a straight ramp (Han-
ning filter with cut-off frequency of at least 10 cycles
per pixel). Attenuation correction is not used. For
most orthopaedic SPECT bone scans, a linear map
is used when photographing SPECT images onto
transparencies. However, in searching for a photon-
deficient defect in the femoral head at risk for AVN,
alog map is usually preferred. Review and interpret-
ation of orthopaedic SPECT bone scans by nuclear
medicine physicians requires that all three orthog-
onal sets of SPECT images as well as planar views

! General Electric Medical Systems Group, Milwaukee, Wisconsin
53201 USA.
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be simultaneously available. In addition to viewing
transparencies, physicians seeking to assure them-
selves that optimal image enhancement has been
used may need to review SPECT images at the com-
puter terminal.

Clinical Applications

Many of the bony structures suitable for SPECT
imaging have not been studied in detail, and the
potential of SPECT bone scanning for oncological
imaging has not been thoroughly investigated.
However, experience to date has shown a role for
SPECT in examining orthopaedic patients with low
back, hip, knee, or TM] pain.

Lumbar Spine

When interpreted without radiographic correlation,
SPECT bone scanning can rarely identify a specific
cause of low back pain (LBP) in adult patients
without a history of malignancy. Trauma, infection,
osteoarthritis, spondylolysis and numerous other
causes for LBP may all produce an increase in scinti-
graphic activity in the lumbar spine. Therefore, in
evaluating the case of an adult patient with LBP,
SPECT complements rather than replaces radio-
graphy. The optimal diagnostic strategyistointerpret
the two examinations together, thereby correlating
anatomy and function so as to arrive at a more reli-
able diagnosis of the cause for LBP. To date, this
complementary role of bone scintigraphy is
best established for evaluating spondylolysis or
spondylolisthesis as the aetiology for LBP.

Plain film radiography or transmission computed
tomography detects most anatomical defects of the
bony neural arch (Wiltse et al. 1975; Rhea et al.
1980; Grogan et al. 1982; Libson et al. 1982).
However, it is not possible with radiography alone
to determine whether spondylolysis or spondylolis-
thesis is the cause of LBP or is in fact an incidental
finding of no clinical significance. The prevalence
of spondylolysis in populations undergoing radio-
graphic examination is reported to be between 3%
and 10% with a lower prevalence for spondylolis-
_thesis (Bailey 1947 ; Roche and Rowe 1952 ; Split-
hoff 1953 ; Wiltse and Hutchinson 1964 ; Torgerson
and Dotter 1976; Eisenstein 1978; Libson et al.
1982). However, spondylolysis is almost as com-
mon among symptomatic as among asymptomatic
populations (Bailey 1947; Torgerson and Dotter
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1976; Libson et al. 1982). In only one series
(Magora and Schwartz 1980) was LBP universal
among patients with radiographic evidence of
spondylolisthesis (Meyerding 1941 ; Bailey 1947;
Splithoff 1953 ; Torgerson and Dotter 1976 ; Libson
et al. 1982). Furthermore, the clinical presentation
of LBP caused by spondylolysis or spondylolisthesis
may mimic the signs and symptoms of herniation
of the nucleus pulposus with nerve root compres-
sion and may be confused with bone metastases,
osteomyelitis, disc space infections, spinal stenosis,
osteoarthritis, or muscular strain. Therefore, cor-
relation of clinical findings with the results of X-ray
imaging frequently does not yield a specific
diagnosis.

The role of planar bone scanning in conjunction
with radiographic examination of the bony pos-
terior neural arch has been frequently limited by the
inability to distinguish between lumbar vertebral
body and posterior neural arch. For example, by
altering the alignment of vertebral bodies, high-
grade spondylolisthesis often leads to osteoarthritic
changes in vertebral body end-plates. This may be
associated with increased scintigraphic activity at
both the bilateral pars interarticularis defects and
at the sites of osteoarthritis over the vertebral body
end-plates. When using planar imaging techniques,
such vertebral body and posterior neural arch
activity are superimposed on straight posterior
views and are often difficult to localise on posterior
oblique views. However, with the recent availability
of SPECT, more accurate scintigraphic localisation
is now possible.

To determine the usefulness of SPECT in this clini-
cal setting, 19 adult patients with radiographic evi-
dence of spondylolysis and/or spondylolisthesis
were studied (Collier et al. 1985a). This group of
patients included individuals with and without
symptoms of LBP. Planar and SPECT scans were
interpreted independently. Planar scintigraphy was
credited with identification of a pars interarticularis
defect when increased scintigraphic activity was
correctly localised to either the left or right of
midline at the appropriate lumbar vertebral level.
SPECT was credited with correct localisation only
if increased scintigraphic activity was seen over the
appropriate portion of the posterior neural arch
(Fig. 13.2). SPECT was more sensitive than planar
scanning when used to identify 31 sites of pars inter-
articularis defects in 13 patients with ‘“‘painful”
spondylolysis or spondylolisthesis (Table 13.2). A
group of five adults without any history of LBP,
undergoing bone scintigraphy for other purposes,
had been studied previously to establish the normal
SPECT appearance of the adult lumbar spine. For
these normal adults both sides of the posterior
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Fig. 13.2a—c. A 22-year-old man with a 9-month history of severe LBP and radiographs showing spondylolysis of L-5 on the left.
Posterior planar bone scan (a) shows minimal increased activity over the left side of L-5 (arrow). Coronal (b) and transaxial (c)
SPECT bone scans demonstrate that the increased activity is located in the left side of the L-5 neural arch (arrows). Spinal fusion
relieved the pain. (Collier et al. 1985a)

neural arch along with the spinous process were
Table 13.2. Sensitivity of SPECT and planar bone scanning for visualised at all levels in the lumbar spine. There

detecting *‘painful”’ spondylolysis or spondylolisthesis was no left-to-right asymmetry in the posterior
SPECT Planar  Deural arch, and activity in the posterior neural

arch was less intense than activity in the vertebral

Patients (n=13) 0.85 0.62 bodies. Among the patients with symptomatic

. ) . B spondylolysis or spondylolisthesis, there were eight
Pars interarticularis defects (n=31) 0.68 042 involved lumbar vertebral levels at which SPECT
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Fig. 13.3a,b. An 18-year-old-man with a 1-year
history of severe LBP and radiographs showing
a defect of the pars interarticularis on the right
side of L-5. Posterior planar bone scintigram (a)
is normal. Transaxial SPECT bone scan (b)
shows increased activity over the right side of
the L-5 neural arch corresponding to the site of
the pars defect. (Collier et al. 1985a)

identified sites of increased posterior neural arch
activity judged to be normal on the planar images
(Fig. 13.3). Included in the analysis are three
patients whose LBP was eventually attributed to
causes other than spondylolysis or spondylolisthesis
after SPECT of the posterior neural arch was deemed
normal (Fig. 13.4). Based on these results it was
concluded that when spondylolysis or spondylolis-
thesis is the cause of LBP, pars interarticularis
defects are ‘frequently associated with increased
scintigraphic activity that is best detected and
localised by SPECT. These preliminary results sug-
gest that pars interarticularis defects are not respon-
sible for LBP when SPECT and planar bone
scintigraphy are normal. Studies of a much larger
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number of patients are necessary in order to confirm
this hypothesis.

Other promising orthopaedic applications of
SPECT bone scanning in the diagnosis of LBP
include the detection of symptomatic osteoarthritis
of the articular facets, occult fractures, sacroiliitis,
pseudoarthrosis following spinal fusion, infection
and bone metastases.

Hips

Many investigators using ?*Tc diphosphonates and
planar imaging techniques report that AVN of the
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Fig. 13.4a—d. A 26-year-old woman with severe LBP of recent onset. CT scan (a) shows bilateral L-5 spondylolysis with bony sclerosis.
Lateral radiograph (b) shows anterior spondylolisthesis of L-5 relative to S-1. Transaxial SPECT bone scan (c) is normal over the
L-5 posterior neural arch but shows increased activity in the left iliac wing. CT scan (d) of the pelvis shows a left iliopsoas abscess.

(Collier 1985a)

adult femoral head initially appears as a photon-
deficient defect (Greyson and Kassel 1976; D’Am-
brosia et al. 1978; Hull et al. 1979; Bauer et al.
1980; Greiff 1980; Grieff et al. 1980; Rosenthall
and Lisbona 1980; Bassett et al. 1981; Kirchner
and Simon 1981; Lucie et al. 1981 ; Matin 1982;
Conklin et al. 1983; Lull et al. 1983; Stromgvist
et al. 1984). On planar anterior views of the
pelvis, increased scintigraphic activity over the
acetabulum and the proximal femoral metaphysis
may be present at the time of initial scintigraphy
or may develop over the course of weeks to months
(D’Ambrosia et al. 1978; Hull et al. 1979; Matin
1982). Subsequently, the photon-deficient defect is
often lost on planar bone scans amidst the ingrowth

of osteoblasts upwards into the adult femoral head
and the increasingly severe osteoarthritic change in
the joint (D’Ambrosia et al. 1978 ; Hull et al. 1979;
Bassett et al. 1981 ; Matin 1982; Lull et al. 1983;
Stromgqvist et al. 1984). Osteoarthritic change in the
posterior rim of the acetabulum may in part obscure
a persistent photon-deficient defect within the
femoral head. Furthermore, a rim of increased
activity in the subchondral bone over the articular
surfaces of the hip often develops in response to
AVN-induced bony collapse. This may obscure an
underlying photon-deficient defect at the centre of
the femoral head. Stromqvist’s published data sug-
gests that for planar bone scanning of the normal
hip “less than half of the emission ascribed to the
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femoral head is derived from the femoral head itself”’
(Stromgqvist et al. 1984). Late in the course of AVN,

increased uptake adjacent to the avascular femoral

head undoubtedly reduces the target/background
ratio even further. However, by removing overlying
and underlying activity from the tomographic plane
containing the femoral head, SPECT bone scinti-
graphy improves image contrast and thereby
facilitates detection of any photon-deficient defects.

Twenty-one adult patients with the clinical
diagnosis of femoral head AVN were examined by
planar and SPECT bone scanning (Collier et al.
1984a, 1985b). SPECT bone scans of the hips
obtained using the techniques described above were
compared with planar 500 000-count images from
a gamma camera with a large field of view and
equipped with a high-resolution collimator. A final
diagnosis of AVN was established for 15 sympto-
matic patients who had a total of 20 involved hips.
SPECT and planar bone scanning were considered
positively diagnostic of AVN only if a photon-
deficient defect could be identified. Using SPECT, 17
of the 20 involved hips were correctly identified,
whereas with planar imaging only 11 of 20 involved
hips were detected. There were no false-positive
diagnoses of AVN for either SPECT or planar bone
scans when independently interpreted. Included in
this series were patients who had photopaenic
defects detected only with SPECT (Fig. 13.5). One
case of bilateral femoral head AVN with late,
symptomatic involvement in the left hip and early,
asymptomatic disease in the right hip was encoun-
tered (Fig. 13.6). For the 20 hips with AVN, 13
had radiographic abnormalities at the time of the
initial SPECT bone scan. However, a subchondral
fracture—the most specific radiographic finding of
early femoral head AVN—was present in only six
instances. The other seven radiographically abnor-
mal hips showed either osteoarthritic changes and/
or flattening of the femoral head—signs generally
not considered to be specific for AVN. The conclu-
sions from this study would indicate that when a
photon-deficient defect is used as the criterion for
early AVN, SPECT bone scanning is more sensitive
than either planar imaging or radiography.

Knees

With recent improvements in arthroscopic tech-
nique, diréct visual inspection of the knee is now
commonly used to provide highly specific diagnostic
information. However, the general availability of
such a highly specific, invasive and relatively expen-
sive test creates the need for a non-invasive screen-
ing examination. If bone scanning could be
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Fig. 13.5a—c. A 57-year-old man with onset of severe left hip pain
3 months previously. Left hip radiograph (a) shows sclerosis, joint
space narrowing and osteophyte formation. Planar bone scin-
tigram (b) shows increased scintigraphic activity over the left
femoral head and left acetabulum with no photon-deficient defect
within the femoral head. Coronal SPECT image (c) shows a
photon-deficient defect in the left femoral head {(arrow). (Collier
et al. 1985b)
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Fig. 13.6a-e. A 52-year-old woman treated with prednisone for chronic active hepatitis had experienced left hip pain for 4 months.
Normal right hip radiograph (a). Left hip radiograph (b) shows sclerosis and flattening of the femoral head. Anterior view planar
bone scan (¢) shows increased activity over the acetabulum and proximal left femur without convincing evidence of a photon-deficient
defect in the left femoral head. Coronal (d) and transaxial (e) SPECT bone scintigrams through both hips clearly demonstrate a
central photon-deficient defect surrounded by increased activity within the left femoral head (straight arrow). In addition, a photon-
deficient defect is seen within the asymptomatic right femoral head (curved arrow). (Collier et al. 1985b)
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developed as a highly sensitive, albeit non-specific,
screening examination for degenerative cartilage
damage, meniscus tears and other internal derange-
ments of the knee, then orthopaedists could use
bone scanning to select patients more appropriately
for invasive diagnosis and treatment. Furthermore,
by using the bone scan as a ‘“roadmap” to guide
subsequent intra-articular visual inspection, the
orthopaedist would be free to concentrate on sites
of potentially significant abnormality.
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Planar bone scanning has been shown to be more
sensitive than history and physical examination,
conventional radiography, or double-contrast arth-
rography for evaluating the extent of osteoarthritis
of the knee (Thomas et al. 1975). More recently,
planar bone scanning has been used to detect torn
menisci (Marymont et al. 1983). When compared
with direct visual inspection at the time of arth-
roscopy or arthrotomy, planar bone scanning fre-
quently identified involved medial and lateral

Fig. 13.7a-d. A 30-year-old woman with a 3-year history of left knee pain. Radiographs show varus angulation of the left knee
with osteophytes involving the medial and lateral compartments along with joint space narrowing over the medial compartment.
Anterior (a) and lateral (b) planar bone scans show convincing evidence of increased activity over the medial and lateral compartments
of the left knee with the patella and patellofemoral articulation remaining obscured. Coronal SPECT bone scan (c) through the
weight-bearing surfaces of the medial and lateral compartments confirm the increased bony repair at the level of the joint space,
which is more pronounced medially. Sagittal SPECT bone scan (d) shows increased activity at the site of articulation of the patella
with the interchondral notch (straight arrow), which is separate from increased activity along the dorsal surface of the distal end
of the femoral condyle (curved arrow).
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compartments in which osteoarthritis went
undetected on other examinations (Thomas et al.
1975). However, when used to detect patello-
femoral osteoarthritis, planar bone scintigraphy
reportedly has a relatively low sensitivity (Thomas
et al. 1975) and a poor specificity (Kipper et al.
1982; Fogelman et al. 1983). Such patellofemoral
involvement is more frequently detected by SPECT
bone scanning, which separates activity about
the patellofemoral articulation from otherwise
superimposed activity originating in the medial and
lateral femoral condyles (Fig. 13.7).

Twenty-seven patients with chronic knee pain
were prospectively examined by conventional
radiography, radionuclide angiography, planarbone
scanning, and SPECT bone scanning (Collier et al.
1983b, 1984b, 1985d). When the results of sub-
sequent arthroscopic examination of all three com-
partments of the knee were compared with non-
invasive tests (Fig. 13.8), SPECT bone scanning was
found to be the most sensitive test for evaluating the
extent of osteoarthritis. Differences in the sensitivity
for detection of articular cartilage damage and
synovitis were greatest in the patellofemoral com-
partment. The 0.91 sensitivity of SPECT bone scan-
ning compared favourably with the results of planar
bone imaging (0.57), radionuclide angiography

CLINICAL EVALUATION
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(0.39), conventional radiography (0.22), and clini-
cal examination (0.17). Of the 27 patients in this
series 14 had the pre-arthroscopic diagnosis of a
torn medial and/or lateral meniscus. Arthroscopic
examination of 15 knees in this group of 14 patients
revealed 7 knees with intact menisci: 3 knees were
totally normal, while in the other 4 knees synovitis
(2), cartilage damage (1) or chondromalacia patel-
lae (1) were present. SPECT showed increased scinti-
graphic activity in all compartments where torn
menisci (Fig. 13.9) were found but had a specificity
of only 0.68 when used to exclude a torn medial
or lateral meniscus. For a separate series of 12
patients similarly examined, SPECT bone scanning
correctly identified all 11 abnormal sites of meniscus
tears, chondromalacia patellae, or cartilage
damage, while planar bone scanning identified only
9 of these abnormal sites (Fajman et al. 1985).
Increased scintigraphic activity in association
with degenerative cartilage damage and synovitis
is well documented (Thomas et al. 1975; Greyson
1979-1980; Christensen and Arnoldi 1980;
Gaucher et al. 1980; Goldstein and Bloom 1980;
Collier et al. 1983a). Furthermore, while there is
little reason to believe that °°*Tc medronate
localises in an acutely torn meniscus, it is tempting
to speculate that altered joint mechanics and

CONVENTIONAL RADIOGRAPHY

Pmellofemorul

RADIONUCLIDE ANGIOGRAPHY

Medial

Pmellofemorul
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Puiellofemoral

Potellofemorul

Med 'ernl Med terul

SPECT

Palel lofemoral

ARTHROSCOPY

Palellofemorol

Fig. 13.8. Distribution of abnormal findings for non-
invasive compartmental examinations of the knee
compared with the distribution of cartilage damage
and/or synovitis detected by arthroscopy.
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Fig. 13.9a,b. A 63-year-old man with 2 months of right knee
pain and locking. Radiographs showed only small patellar
osteophytes bilaterally. Anterior view planar bone scan (a) shows
moderately intense increased activity over both patellae with no
major scintigraphic abnormalities in the medial or lateral com-
partments of the painful right knee. Transaxial SPECT image (b)
at the level of the joint space shows a crescent-shaped band of
increased activity in the lateral compartment of the right knee
(arrow) corresponding closely to the location of a longitudinal
lateral meniscus tear identified at the time of subsequent
arthroscopy.

degenerative changes secondary to a long-standing
meniscus tear eventually predispose to increase
scintigraphic activity in the adjacent subchondral
bone (Huckell 1965; Frankel et al. 1971; Dandy
and Jackson 1975 ; Lufti 1975 ; Walker and Erkman
1975; Noble and Erat 1980; Sonne-Holm et al.
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1980). Testing of a larger and more varied group
of patients with clinical suspicion of internal
derangement of the knee is needed to evaluate fully
the diagnostic efficacy of this technique. None the
less, for patients with chronic knee pain and clinical
suspicion of a meniscus tear or other significant
degenerative internal derangement, SPECT bone
scanning appears to be a highly sensitive screening
test worthy of additional investigation. Further
research will probably show that increased scinti-
graphic activity in the medial or lateral compart-
ments of the knee cannot be used to distinguish a
meniscus tear from cartilage damage, synovitis,
intra-articular loose bodies or most other morbid
conditions associated with chronic knee pain. How-
ever, it is the ability to detect and localise such
lesions of bone and cartilage—not the ability to
make a specific diagnosis—which argues for the use
of SPECT bone scanning as a pre-arthroscopic
screening examination.

Temporomandibular Joints

Oral surgeons seeking to confirm the diagnosis of
internal derangement of the TM] have found SPECT
to be a valuable screening test. When used to
examine 36 oral surgery patients undergoing
preoperative evaluation, the sensitivity of SPECT
(0.94) was comparable with arthrography (0.96)
and significantly better than planar bone scanning
(0.76) or conventional radiography (0.04) (Collier
et al. 1983a). While data from a larger asympto-
matic control population are needed, preliminary
results give SPECT a diagnostic specificity of 0.70
for internal derangement of the TM] requiring surgi-
cal correction. Lower sensitivities but comparable
specificities for SPECT have been reported in series
using arthrography rather than surgery to confirm
the status of the TMJ] (O’'Mara et al. 1983 ; Katzberg
etal. 1984).

Summary and Conclusions

During the day-to-day operation of a busy nuclear
medicine laboratory, the addition of SPECT imaging
to an orthopaedic bone scanning procedure requires
an extra 5 min for setup and patient positioning,
21 min for data acquisition, and 15 min for proces-
sing and filming. However, when examining
patients with knee, hip and low back pain, SPECT
bone scanning frequently gives images of greater
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clarity and in many instances provides unique diag-
nostic information. Specific advantages of SPECT in
identifying and localising skeletal pathology have
already been established, and further diagnostic
applications both for skeletal oncology and for the
study of LBP are anticipated.
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14 - The Bone Scan in Paediatrics

I. Gordon and A. M. Peters

Introduction

In 1984, a survey carried out in 21 countries in
Europe showed that bone scintigraphy comprised
16% of all paediatric radioisotope scans. Although
the value of bone scans in paediatrics is potentially
great, their quality varies greatly, and poor-quality
images are giving this valuable technique a bad
reputation (Harcke 1978).

The handling of children requires a sensitive staff
and the provision of a few simple inexpensive items
of distraction. Attempting simply to scan a child
between two adult patients in a busy general depart-
ment is a recipe for an unhappy, uncooperative child
with the probable result of poor images. The
intravenous injection of isotope should be given
adjacent to the gamma camera room, unless
dynamic scans are required, so that the child does
not associate the camera with the injection. This
injection is best carried out by someone competent
in paediatric venipunture; the entire procedure
should be explained to the child and parent, who
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