
BONE SCANS WITH FLUORINE-18 
IN DIAGNOSING OSTEONECROSIS IN DIVERS 

Radionuc)jde scans are frequently requested 
clinical procedures because they provide, easily 
and nontraumatically, information about focal 
areas of disease in various internal organs. Scans 
of the skeletfil system have achieved clinical ac­
ceptance because they demonstrate with con­
siderable sensitivity the presence of primary or 
metastatic tumors. Considerable interest has 
developed recently at the University of Texas 
Medical Branch (UTMB) and its Marine Bio­
medical Institute in evaluating the sensitivity of 
bone scans as an additional tool to radiography 
in the diagnosis of osteonecrosis. Accordingly, 
some of the Gulf of Mexico divers radiographed 
by the UTMB for osteonecrosis were also sub­
mitted to radionuclide bone-scan surveys. 

This type of investigation is possible because 
of the commercial availability of salts of Buorine-
18 (~), which are safe for human use. This 
bone-seeking radionuclide has several advantages 
over the previously used sal ts of strontium-85 
(

80Sr). The most significant of them is a 
markedly reduced radiation dose per millicurie 
(mCi) to the bone, bone marrow, and total body. 
In this country, bone scans with .. Sr are 
permitted only in patients with diagnosed maHg­
nancies in whom a search fo r metastases is war­
ranted. With ••p , on the other hand, it is possi­
ble to study with salety a variety of benign 
disease processes, including osteonecrosis. 

The radionuclide used in the UTMB studies 
was purchased as sterile, pyrogen-free sodium 
fluoride from Medi-Physics, Inc., in CalHornia, 
where it is produced in a cyclotron by deuteron 
bombardment of neon (Harper et al., 1971). 

The bone-crystal structure shown in simplified 
form in Fig. 1 demonstrates the mechanism by 
which radiochemicals can be used as tracers in 
studies of bone metabolism (Neuman and Neu­
man, 1958). It is possible to substitute radio­
active calcium for the stable calcium normally 
deposited in bone, but none of the calcium iso­
topes is suitable for scanning purposes. There-
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fore, ,.Sr and strontium-87m (!TlnSr), which fol­
low pathways similar to those of calcium, have 
been widely used as scan agents (Charkes, 1970; 
DeNardo et al. , 1972). 

Fluoride ions, on the other hand, can be ex­
changed with the hydroxyl ions in bone crystal, 
as shown in Fig. 1. The process goes through 
various stages (Neuman and Ieuman, 1958). 
Io only a few seconds or minutes, fluoride ions 
pass from plasma through extracellular fluid to 
the hydration shell surrounding bone crystal. 
Rate of transit is Limited mainly by the blood 
supply to a particular portion of a bone. The 
next step - passage of the ions through the 
hydration shell to the crystal surface - takes 
several hours, and actual incorporation into the 
interior of bone crystal takes days or weeks. But 

I 

HYDROXYAPATLTE BONE CRYSTAL 

Ca 10 (P0 4) 6 

' 

Extra-
cellular 
Fluid 

Plasma 
• 

Sr 

(OH) 2 

' 

'f 

F 

--
~--~ 

--Hydration 
Shell 

--Crystal 
Surface 

Pre. 1. Simplined schematic of hydroxyapatite 
crystals, which are deposited in osteoid tissue by 
proliferating osteoblasts. Arrows show pathways of 
exchange for the most common bone-seekfog chemi­
cals, strontium and fluoride, used for radionuclide 
scanning. 
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once tbe fluoride ions reach the hydration shell, 
they are sufficiently localized in bone for scan­
ning purposes. At this point, therefore, the dis­
tribution of radioactive '"F demonstrates t he 
areas of increased bone metabolism (Blau et al., 
1972). 

Certain areas in a scan may appear to have 
greater radioactivity concentration than others, 
a circumstance thought to be caused either by 
increased blood supply to that region and 1or by 
increased bone-crystal exposure (Blau et al., 
1972; French and McCready, 1967). The latter 
may be the result of osteoblastic or osteolytic 
activity in a certain portion of a bone. Osteo­
lytic activity is thought to increase activity in 
the adjacent bone, and therefore both osteoblas­
tic and osteolytic lesions are demonstrated on 
a bone scan as areas of increased radioactivity 
(Blau et al., 1972). 

To choose the optimum time to start scanning, 
one must remember that the uptake of .. F in 
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sition in bone and its rapid clearance from the 
blood by the kidneys. Compared with the stron­
tium isotopes, fluorine provides much better con­
trast between focal bone disease and vascular 
tissues. 

The bone-seeking radionuclides used fre­
quently for imaging purposes are compared in 
Table I. An advantage of '"Sr is its physical 
half-life of 65 days, making it feasible to pur­
chase the tracer commercially well in advance of 
intended use. However, the long half-life is also 
a major disadvantage because it involves pro­
tracted radiation exposure to the skeletal system. 
Since this exposure is significant, ""Sr dosage 
is generally limited to 0.1 mCi and its use 
restricted in this country to adult patients 
with known malignancy (Charkes, 1970). 
Given the small radioactive dose, the exter­
nal count rate is understandably low com­
pared with most other modern scan techniques, 
necessitating ra ther slow scan speeds and lengthy 

Table I. COMPARISON OF FREQUENTLY U SED BoNE-SEEKINC RAD10NUCUDES 

•sr 
Source Reactor 

Chemical form SrNo8 

Hali-life (physical) 65 days 
Photon energy (kev) 513 
Dose (mCi) 0.1 
Bone localization 30% 
Delay 5 days 
Preparation bowel, void 
Maximum CPM 2K 
Radiation dose - bone 3.6r 
Radiation dose - marrow 1.lr 
Radion dose - body 0.4r 

bone is very rapid, reaching almost maximum 
within one hour (Blau et al., 1972). On the 
other hand, only 50% (approximat.ely) of the 
fluoride becomes concentrated in the skeletal 
system; the remainder, at this early stage, is still 
primarily in the blood, which means that some 
time must be allowed for the blood concentration 
to be reduced via urinary excretion. This de­
crease occurs much more rapidly with fluorine 
than with strontium (Blau et al., 1972). Thus, 
in addition to the short physical half-life ( llO 
minutes) , which permits larger tracer doses, the 
major advantages of fluorine are its rapid depo-

r.msr .. F -Tc 

~ generator Cyclotron · Mo generator 
reactor 

SrHC0 4 NaF Tc poly-
phosphate 

2.8 hr 1.85 hr 6 hr 
388 511 140 
4 4 10 
30% 60% 40% 
1 hr 2 hr 4 hr 

void void 
40K 20K 

0.6r 0.6r 0.4r 
0.6r 0.6r O.lr 
0.2r O.lr 

patient studies. The energy level is somewhat 
higher than is desirable for imaging, but it is 
acceptable for rectilinear scanning with properly 
selected collimators. Strontium's slow blood clear­
ance makes it advisable to wait three to seven 
days between administration of tracer and per­
formance of the scans. Yet another disadvantage 
of strontium is that much of it is excreted into 
the intestinal tract. For examination of the 
pelvic and lumbosacral region, therefore, the pa­
tient must undergo thorough bowel cleansing. 

Strontium-87m has a shorter half-life than 
strontium-85 and can therefore be given in larger 
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doses - up to 4.0 mCi. Count rates, scan speeds, 
and radiation exposure to the bone, marrow, and 
body are within acceptable limits. Bu t its clear­
ance from the blood is very slow, making it more 
difficult to distinguish focal bone lesions from 
normal or abnormal vascular regions with ele­
vated count rates (Charkes et al., 1964). 

Fluorine-18 overcomes most of these disad­
vantages. It has a physical half-life of less than 
two hours, making the radiation exposure quite 
acceptable for doses in the range of 4.0 mCi. The 
count rates permit rapid scan speeds. Acceptable 
scan views can be obtained in a matter of min­
utes rather than hours. Because excretion is via 
the urine, the bladder and sometimes the kidneys 
appear in bone scans. Consequently, a small 
portion of the pelvis cannot be evaluated com­
pletely for focal bone disease. 

The value of "F scans in detecting skeletal 
abnormalities has been studied mainly in pa­
tients with malignant tumors. Scans proved to 
be in agreement with radiographic findings, or 
were more sensitive in detecting bony metastases, 
especially in early stages of disease (Blau et al., 
1972). Aseptic necrosis is included in the list 
of nonmalignant focal bone diseases that may 
reveal scan abnormalities (O'Mara and Baker, 
1973) . Little is known about the relationship 
between stages of development in osteonecrosis 
and recognizable accumulations of bone-scan 
tracers. If one were willing to extrapolate what 
has been described or is known about the mech­
anisms of scan abnormalities in bone tumors, one 
would expect that only the more active stages 
of necrosis would be associated with significant 
scan findings. This problem deserves further 
study. 

The observations made during the early phase 
of the UTMB osteonecrosis project involved 
rapid total-body survey scans and selected re­
gional scans on seven professional divers. The 
findings in these surveys were compared with 
roentgenograms made of the same divers, which 
were interpreted by Dr. Charles Fagan, M.D., 
and are reported on p. 177 ff. of this volume. 
The scans of two of these subjects will be dis­
cussed. 

Figure 2a shows anterior and posterior total­
body scans of one diver. Certain normal areas 
of fluoride deposition are visible on the anterior 
view in the skull and facial bones, sternum and 
st.emoclavicular joints, shoulders, bladder, pelvis, 
and hip joints. On the posterior view, the verte­
bral column is more easily recognizable, as a re 
the scapulae, rib cage, sacroiliac and hip joints, 
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and, to a lesser extent, the knee joints. A defi­
nite abnormal finding is t he marked asymmetry 
of radioactive fluoride concentration in the 
shoulders; there is much more in the right than 
in the left. The difference in the pelvic region 
is more subtle; somewhat more tracer has ac­
cumulated in the right ilium and 'or the right 
femoral head than in the contralateral location. 
The difference, which is more recognizable on the 
anterior view than on the posterior, is subtle but 
significant . 

X-ray films of this diver revealed evidence of 
osteonecrosis as manifested by a collapse of the 
articular cortex and sclerotic and lucent modeling 
of the right humeral head. There is an associ­
ated and complicating osteoart hritis with spur 
forroa tion ( Fig. 2b}. In location this corre­
sponds to the scan abnormality. A subtle ab­
normality in the left humeral bead seen in the 
X-ray was not revealed by scanning. X-rays of 
the hips (Fig. 2c} reveal no abnormality. 

In the second diver, the difference between 
the two shoulders in the scan findin gs is more 
subtle ( Fig. 3a}. There is slightly more tracer 
in the right shoulder than in the left. The con­
centration on the right is not necessarily darker 
than on the left, but the medium gray area is 
larger. This difference is so subtle that it was 
originally interpreted as being within normal 
limits. The interpretation was made prior to 
inspection of the roentgenograms. Nothing else 
on the scans looks asymmetrical or suggests other 
possible abnormality. But both shoulders of this 
subject appear abnormal on X-ray, the right 
much more so than the left (Fig. 3b). Radio­
graphs of the hips reveal a lytic lesion in the left 
femoral neck (Fig. 3c}. 

0£ the scans performed on the other four 
divers, two were normal and two abnormal. In 
general, correlation between X-rays and scans 
was similar to that of the first two divers. Wher­
ever a scan showed an abnormality, the X-ray 
did as well. Bu t several subtle abnormalities 
were revealed radiographically that were not de­
tected on the bone scans. 

Comparison of lesions demonstrated by radi­
ological and scanning techniques suggests that, 
at this stage of our investigation, scans can de­
tect most areas of aseptic necrosis, but not all. 
The radionuclide imaging procedures apparently 
detect early or incipient stages of osteonecrosis. 
As the disease progresses, however, and scar tis­
sue has formed and blood supply decreased, the 
scans a re less likely to show abnormality than 
roentgenograms. 
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Fie. 2. (a ) Anterior and posterior total. body survey scans of diver begun 2 hr a ft.er an intravenous dose of 2.8 miCi of Na 1' F. Note abnormal 
a reas of increased traC<'r concentration in R shoulder and in region of R femora l head nnd 'or R ilium. ( Abbrevia tions for anatomic levels: 
V, vPrtex; SN, s uprasternal notch; X , xiphoid process; AS, anterosuperior ilinc spine; SP, symphysis pubis; P , pntella. ) ( b) Shoulder 
radiographs with arrow pointing to abn->rmally dense area in L humeral head. This area of old osteonecrosis did nol appear on radionu. 
elide scans. (c ) Hip rocntgenographs reveal no abnormalities. 



-ANT 

W.V. 28628 P 
a 

POST 

411-611 

SN 

X 

AS 

SP 

: p 

Fie. 3. (a ) Anterior and posterior total-body survey scans of diver begun 2 hr after intravenous dose of 3.7 mCi of Na'"F. Note subtle 
diffe rence in tracer concentration in the two shoulders. ( b) Shoulder X-rays revealing racliodcnsities in Rand L humeral heads (arrows). 
(c) Hip X-rays revealing racliolucent area in L femoral neck (arrows) . 
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Scans and radiographs in combination will 
quite likely enable much more accurate diagnosis 
of the disease than when one technique alone is 
used. Experience with serial scans involving 
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larger numbers of divers is required before the 
actual sensitivity of imaging procedures in de­
tecting various stages of aseptic necrosis can be 
properly evaluat.ed. 
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