
labeling process, blood handling and special facilities (13,14).
Plain radiographs, on the other hand, are normal during the first
few weeks after the onset of infection, and they reflect bone
destruction and new bone formation (15, 16). Bone biopsy,
which is one of the most specific methods, is an invasive
procedure and may itself cause osteomyelitis by introducing an
infection from surrounding infected soft tissue into the previ
ously sterile bone (17).

Acute hematogenous osteomyelitis initially may behave as a
cellulitis of the bone marrow accompanied by ischemia, vaso
spasm and thrombosis within the marrow space (15). A radio
pharmaceutical that is less dependent on bone blood flow and
that reflects the presence of bacteria, polymorphonuclear cells
and bone marrow inflammation may be effective in the diag
nosis of osteomyelitis when the bone scan pattern is not
confirmed definitively (10,15). Radiolabeled colloidal particles,
which have a tendency to accumulate in bone marrow (18),
have shown promise for diagnosing osteomyelitis. In a clinical
study, 99mTchuman serum albumin-nanocolloids were found to
have the identical specificity and more sensitivity than â€˜â€˜â€˜In
oxine white cells for skeletal septic processes (14), while
another group reported the same sensitivity, specificity and
accuracy for the two methods (13).

Liposomes, spontaneously forming lipid vesicles, also have
features similar to nano-colloids, which makes them potential
imaging agents for osteomyelitis. Earlier, Morgan et al. (19),
demonstrated the accumulation of 99mTc@liposomesin deep
seated infections of prosthetic joints. Their studies used lipo
somes that were rapidly cleared by organs of the reticuloendo
thelial system. Studies by Goins et al. (20â€”23),using a newly
developed stable 99mTc radiolabeling technique, have renewed
interest in infection imaging by radiolabeled liposomes. We
have developed a liposome formulation that can be labeled with
either IIIIn, 9@â€•@Tcor both simultaneously (24). This formula
tion allows for flexibility in isotope selection, without increas
ing the lipid dose, depending on the nature of the inflammatory
process. In certain clinical settings, it may be advantageous to
use liposomes labeled with only â€˜@mTc while in other situations
the use of either@@ 1In alone or both 99mTcand I I IIn simulta
neously may be preferable. One potential situation where both
isotopes could be used simultaneously is osteomyelitis since
this disease progresses in its own unique way, slower than the
more common soft tissue infections.

In our study, we explored the potential of radiolabeled
liposomes for imaging experimental osteomyelitis in a rabbit
model. We also have compared these radiolabeled liposomes
with other standard diagnostic imaging procedures for osteo
myelitis.

MATERIALS AND METHODS
The phospholipids, distearoyl phosphatidylcholine (DSPC) and

distearoyl phosphatidylethanolamine-polyethylene glycol-5000
(DSPE-PEG) were obtained from Avanti Polar Lipids (Pelham,

We evaluated radiolabeled liposomes (liposomes labeled both with
99r@@Tcand@@ â€˜In)for the early detection of osteomyelitis in an
experimentalmodel. Methods: Liposomes,containing5% polyeth
ylene glycol-distearoyl phosphatidylethanolamine with encapsu
latedglutathioneand deferoxamine,were preparedand labeledwith

@â€œTcand â€˜â€˜â€˜Inby a previously described method. Acute osteomy
elitis was induced in male New Zealand rabbits by intramedullary
injection of sodium-morrhuate and Staphylococcus aureus in the
tibial bone marrow. Serial imaging studies, consisting of radiola
beled liposome imaging (2-4 mCi @Tcand 75â€”i25 @Ci@@@ In),
99@rc-methylenediphosphonate (MDP)(3â€”5mCi) and 67Ga-citrate
(500 MCi),were performed starting at the third day after injection.
Each radionuclide study was separated by at least 2 days. The
animalsalsounderwentradiographyof the lowerextremities.The
animals were then killed and the infected tibia was excised for
histopathology. Results: For interpreting relativeefficacy of individ
ual radiopharmaceuticals, only animals showing positive his
topathological findings (n = 9)were considered. Radiographs(Days
12, 13) were conclusive for osteomyelitis in only 3 rabbits. Radiola
beled liposome imaging (Days4-6) showed positivity in 8 cases and
was equivocal in 1. Though the lesion could be delineated as early
as 8 hr postinjection in the 99'@'Tcwindow, the best target-to
nontarget ratio (1/NT)of 1.86 Â±0.19 was obtained at 48 hr in the
11 â€˜Inwindow. Three-phase 99@Tc-MDP scan (Day 7) was positive in

only 5 rabbits with 3 hrT/NT of 1.6 Â±0.23.Galium-67-citrateimages
(Days9.-11)werepositivein8casesandequivocalin1,themean48
hr T/NT being 1.74 Â±0.24.Theseresuttsshow liposomesare better
than 99@Tc-MDPfor imaging bone infection. Given the early local
izationand better quality of the images,radiolabeledliposomesalso
exhibited advantagesover 67Ga-citratefor detection of acute osteo
myelitis.

Key Words: osteomyelitis; Iiposomes; technetium-99m; infection
imaging
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Thoughtheetiologicalandpathologicalbasisofacuteosteo
myelitis is well understood (I), this disease still remains
difficult to diagnose and manage (2â€”7).It is generally believed
that the initiation of early antibiotic treatment for osteomyelitis
may prevent irreversible changes and progression to chronic
disease (5,8). An early and accurate diagnosis is necessary,
however, for prompt therapy (9). Three-phase bone imaging
using 99mTc..labeledphosphates is recognized as a useful tool
for detecting osteomyelitic bone, especially when combined
with a 67Ga-citratescan (7,10). When the osteomyelitic zone
overlaps regions of growing bone, a false-negative bone scan
may result (11). Also, bone scans become less specific once the
bone is violated by an insult, other than infection, that causes
increasedbone turnover (12). Indium-l 11-labeledwhite blood
cells are sensitiveand specific @orosteomyelitis,but they are
fraught with several technical disadvantages requiring a tedious
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AL). Cholesterol was purchased from Calbiochem (La Jolla, CA)
andalpha-tocopherolwaspurchasedfrom Aldrich (Waukegan,IL).
Glutathione and deferoxamine were purchased from Sigma (St.
Louis, MO). The radiopharmaceuticals, @â€˜@Tc-sodiumpertechne
tate and@@ â€˜In-oxine,were obtained commercially (Medi-Physics
Amersham, SanAntonio, TX).

Preparation of Liposomes
Liposomes containing 5% PEG-DSPE of total phospholipid

concentration (DSPC:C:PEG-DSPE:a-tocopherol::90:80:4.5:3.9
molar ratio) were prepared by the method described earlier with
slight modification (25). Briefly, the lipid solution in chloroform
was passedthrough 0.22 @mmembraneand evaporatedto a dry
film in a rotary film evaporator (Brinkmann Instruments, West
bury, NY). After further exposingthe lipid film to vacuum for 4â€”6
hr, the dried lipid film was hydrated, with a solution of sucrose
(300 mM) in sterile water for injection. The suspension was
lyophilized overnight and the dried mixture was again hydrated
with a solution of glutathione and deferoxamine (100 mM and 25
mM, respectively) in Dulbecco's phosphate buffered saline (PBS,
pH 6.3) containing 300 mM sucrose. The lipid suspensionwas
extruded sequentially through membranesof 2 @m(8 times), 0.4
,.@m(8 times) and 0.1 p@m(5 times) pore size in an extruder (Lipex
Biomembranes,Inc., Vancouver, Canada).The resultant liposomes
were centrifuged in a Beckman ultracentrifuge at 45,000 rpm for 45
mm to obtain a pellet. Supernatantliquid, containing extravesicular
ligands, was discarded. The liposome pellet was washed two times
with PBS (pH 6.3). Finally, the liposomes were resuspended in 300
mM sucrose in PBS (pH 6.3) and stored at 4Â°Ctill further use. The
diameter of the liposomes was determined to be 116 nm with a
polydispersity index of 0.02 (Coulter N4-MD particle size ana
lyzer, Hileah, FL). The phospholipid concentration,as determined
by the method of Stewart (26), was 39 @mol/ml.The glutathione
concentration inside the liposomes was 0.975 @mol/mland was
estimatedby using a kit (Bioxytech, Cedex, France)and manufac
turer's instructions. The entrapped deferoxamine was extracted
from the liposomesand estimatedcolorimetrically (27) to be 0.308

@mol/mlof liposome suspension.

Radiolabeling of Lipsomes
Liposomes (4 ml) were mixed with 2 ml 99mTc@HMPAO

prepared by reconstituting the HMPAO kit (Ceretec, Amersham
International,Amersham,UK) with 25â€”30mCi sodiumpertechne
tate in 5 ml normal saline. Reconstituted kits were checked for
contamination using a three-step, paper chromatography system
outlined in the packageinsert. In all cases,the kits usedfor labeling
liposomes contained > 80% lipophilic 9@Tc-HMPAO. After 30
mm of incubation at room temperature, the liposomes were mixed
further with 1 ml â€˜â€˜â€˜In-oxine(300â€”400pCi). After an additional
30 mm incubation at room temperature,the liposomeswere passed
through PD-b columns (PharmaciaBiotech, Uppsala, Sweden)to
separateany radioactivity not associatedwith the liposomes.

Animal MOdel
Experimental osteomyelitis was induced in New Zealand white

rabbits (2â€”3kg) by the method of Norden (28). The rabbits were
anesthetized by intramuscular injection of ketamine-xylazine mix
ture (50 mg/kg and 10 mg/kg, respectively). On a shaven and
disinfected hind leg, an 18-gauge hypodermic needle was inserted
percutaneouslythrough the lateral metaphysisof the tibia into the
medullary cavity. Through the needle, 0.1 ml of 5% sodium
morrhuate (American Regent Lab, Inc., Shirley, NY) was injected
followed 5 mm later by 0.1 ml ofbacterial suspensionin saline.To
ensure complete injection, 0. 1 ml saline also was flushed through
the needle. The needle was removed carefully, the site of injection
disinfected again and the rabbits were returned to their cages.

Organism
Staphylococcus aureus (ATCC 19095) was grown on trypticase

soy broth. The concentrationofthe bacterial cells wasestimatedby
comparisonwith McFarland' tubespreparedin houseand adjusted
to 9 X 108 cells per ml saline (29).

Scinbgraphic Studies
Since the degreeof infection and inflammation varied from one

rabbit to another,serial scintigraphic studieswere performed on all
the rabbits instead of randomizing them into separate groups. The
animals were subjected to scintigraphic studies consisting of
radiolabeled liposomes, @Tc-MDPand 67Ga-citrate.All radionu
clide studies were separated by at least 2 days and were done on
rabbits under ketamine-xylazine anesthesia. Liposome imaging
always was performed first on Day 4 after infection induction; it
was followed by @Tc-MDPstudy on Day 7 and 67Ga-citrate
injection on Day 9. This order was chosen by considering the
respective decay half-lives of the radionuclides, which precluded
using 67Gafirst. Anterior images of the lower extremities were
acquired in 128 X 128 matrix under Picker Gamma camera
interfaced to a Pinnacle computer workstation (Medasys, Ann
Arbor, MI). In a few cases, lateral images were also acquired. The
collimator was changedfrom a low-energy, all-purpose (LEAP) to
a medium-energy collimator according to the isotope being im
aged.

Radiolabeled Liposome Scanning
Liposomes labeled with 2â€”4mCi 99mTcand 75â€”125@Ciâ€˜â€˜â€˜In

were injected intravenously through the marginal ear vein. Images
were obtainedat 4â€”6hr (under LEAP collimator) and24 hr and48
hr (under medium-energy collimator) postinjection. To assess the
relative contribution of â€˜â€˜â€˜Inin @Tcwindow, phantom studies
were done. Total number of counts of both 3 mCi 99mTcand 100

@Ciâ€˜â€˜â€˜Intogetherwere obtained in 140keV (Â±20%) and 173keV
(Â±20%) windows under the gamma camera. The counting was
repeated with the same amount of activity of each isotope taken
individually. The magnitude of mutual contribution was estimated
by the ratio (A-B)/A X 100 where:

A = Counts by two radionuclides together in one window under

one collimator and;

B = Actual counts by one radionuclide in the same window under

the samecollimator.
At an initial ratio of 3 mCi to 100 p.Ci (99mTc/Iâ€˜â€˜In),the

contribution of â€˜â€˜â€˜Inin total countsacquiredby the camerapeaked
at 140keV (Â±20%);it was 7.3% after 6 hr. Contribution of @â€œ@Tc
in â€˜â€˜â€˜Inimageswas negligible under MEC collimator at 173 keV
(Â±20%).

Technetlum-99m-MDPandGallium-67Imaging
Approximately 3â€”5mCi of 99mTcMDp was injected intrave

nously through the marginal ear vein while 3-sec flow images were
obtained. A 1-mm blood-pool image was acquired at 5â€”6mm
postinjection followed 3 hr later by a delayed3â€”5mm acquisition.
Approximately 500 @Ci67Ga-citrate was injected intravenously
and imageswere acquired at 24 hr and 48 hr postinjection.

Radiograph
A radiograph (ELEMA-SCHONANDER,Stockholm, Sweden)

ofthe lower extremities ofthe rabbits was the last study performed
on Days 12â€”13.The rabbits were under ketamine-xylazine anes
thesia during the procedure. The radiographs were interpreted by
an independent bone radiologist who was kept blind about the
study.
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RadiolabeledIiposomes(Day4)@â€œTc-MDP (Day7)

3 hr67Ga-citrate

(Day9)

48 hrRadiography (Day12)Histopathology6hr48hrQualitativePositive385839Equivocal211120Negative514151Total101010101010QuantitativeT/NT

ratio1 .36(0.16)1 .86(0.19)1 .60(0.23)1 .74(0.24)T/NT

= target-to-nontarget.

TABLE I
Cumulative Data from Various Investigations

lymphocytes, few neutrophils and fibrosis, the active bone
infection was characterized by new bone formation, periosteal
elevation, cortical thinning, supuration and the presence of
granulocytic infiltrate. A representative light-micrograph of an
active infection is shown in Figure 1. Among these, 3 rabbits
demonstrated infection extension in the distal tibia, whereas the
rest of the rabbits had infection localized in the metaphyseal
tibia. The microbial culture of the bone marrow aspirates gave
vague results. Since the marrow was drawn from the distal end
of the tibia, it gave culture-positivity for coagulase positive
Staphylococcus aureus in only 4 cases. It was thought prudent
not to aspirate all bone marrow from the metaphyseal region, as
it might have violated the histopathological observations. One
culture showed the presence of Gram negative rods, while
another showed growth of coagulase negative Staphylococcus
aureus. All histopathologically-positive rabbits (n = 9) were
selected for the calculation of mean target-to-nontarget (T/NT)
ratio and the comparison ofone technique with the other. Figure
2 shows cumulative data from the radionuclide studies in these
9 rabbits.

A representative radiolabeled liposome scan is shown in
Figure 3. Radiolabeled liposome imaging was positive in 8
rabbits and equivocal in 1 rabbit by qualitative interpretations.
The rabbit with an equivocal radiolabeled liposomes image was
positive in 67Ga-citrate scan. The reason for this was the high
accumulation of radioactivity in the infected soft tissue, which
made it difficult to visualize actual tibial accumulation. In a
histopathologically-negative rabbit, all the investigations gave
negative findings. In rabbits with adjacent soft tissue infection
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FiGURE1.UghtmicroscoÃ§@cv@w(450)Qof a tib@infectedwithStaphylo
coccusaureusshowingtypk@alfeaturesof acuteosteomyelitis.Verylarge
numberof neutrophilswith abscessformationin intramedullaryspace.
Necroticbonecanalsobeseen.LesionischaracterizedbythrOpIaSIainan
attemptto circumscribethe infectkn.

Animal Kill
After the last study, the rabbits were killed and their tibia and

femur were isolated. The soft tissue was cleaned carefully off the
bone. The tibia was cut distally, leaving approximately 5 cm of the
bone. Marrow was aspirated aseptically by inserting an 18-gauge
needle through the cut end of the bones and suctioning by syringe.
Before marrow isolation, the bones were cleaned thoroughly with
an alcohol swab. The isolated marrow was innoculated in 5 ml
trypticase soy broth in a sterile tube and cultured on shaker water
bath set at 37Â°C.The cultures were observed for 5 days and sent for
identification of the microorganism. After marrow isolation, the
bones were fixed in 10% neutral formalin for at least 1 wk before
decalcification and further processing. Longitudinal sections, two
at the metaphysealregion and one at the diaphyseal region, were
processed for histopathology.

Scan Interpretation and Final Diagnosis
All scans were analyzed quantitatively as well as qualitatively.

Regions of interest (ROIs) were drawn outlining the accumulation
of radioactivity in the infected tibia. A scan was interpreted as
positive if focal hyperactivity was detected in this ROI compared to
the identical ROI of same pixel size on the contralateral tibia. For
the qualitative analysis,all of the nuclear scanswere interpretedby
six nuclear medicine physicians who were kept blind about the
procedures and interventions. The images were rated as either
positive for osteomyelitis, negative for osteomyelitis or equivocal
when they could not be interpreted definitively. Final diagnosis
was made on the basis of the interpretations of histopathological
findings of the tibia isolated surgically. Signaturesof past infec
tions, such as lymphocytic infiltration and fibrosis, were taken as
indications of positive infections.

The rabbits survived the course of our investigation without
any apparent distress. To relieve pain, they were given nalbu
phane 1 mg/kg by subcutaneous injection. The only undesired
effect we observed was infection in the soft tissue adjacent to
the injection site in 3 rabbits. Ofthe 12 rabbits used in the main
study, only 10 underwent a complete set of investigations
including radiolabeled liposome imaging, 99mTc..MDP scan
ning, 67Ga-citrate scanning, radiography, bone marrow culture
and histopathology. The remaining 2 rabbits were subjected
only to liposome ima@ ng and 99mTc@MDPscan. These 2 rabbits
showed positive accumulation of radiolabeled liposomes in the
infected tibia, whereas the bone scan turned out to be negative.
All the results presented in the next section refer to the 10
rabbits who underwent a complete set of investigations. A
comprehensive view of the results is in Table 1.

Nine of the 10 rabbits were found to have histopathological
signs of active (n = 8) or resolving (n = 1) bone infection.
While the resolved infection was evident by the presence of

O5TE0MYELITI5IMAGINGBY RADIOLABELEDLIP0SOMES â€¢Awasthi et al. 1091

RESULTS



4.0

3.5

3.0

2.5
0

@ â€¢
2.0 â€¢

I.- â€¢ :
z â€¢ â€¢ â€¢
I- â€¢

1.5 â€¢ â€¢ I â€¢ I

; I :

1.0 , , I I U
3.@@ C@
a@@ 10@

@ CO@@ c@

,@ r..@ .J -I

a,@@@

0)@ IS@ o 0
I-

STUDY

Ti II
0

4
I,

Tc@iiu@ I I.'@11124 N I.@111 41 I

F1GURE4.Radiolabeledliposomescan ofrabbitwithrighttibialinfectionthat
wasfoundnegativein an early(6-hr) @Tcimage,but becamepositivein
delayedâ€œ1lnimagesat 24and48 hr.

equivocal or negative for bone infection at 4â€”6hr yielded
positive scans at 24 and 48 hr. Figure 4 shows one such rabbit.
The other 3 rabbits were imaged positive even at 4â€”6hr and the
contrast increased with time.

The 99mTc@MDPbone scans were positive in only 5 of the 9
rabbits when imaged on Day 7 after infection induction. Among
the remaining 4 rabbits, I was equivocal and the other 3 were
negative. Quantitatively, the mean TINT ratios at 5 mm and 3 hr
postinjection were 1.32 Â±0. 15 and 1.6 Â±0.23, respectively;
however, we found that for a 99mTc@MDPimage to be qualita
tively positive, the TINT ratio must at least I .4. Below this
ratio, the abnormal accumulation in the infected tibia could not
be discerned from that in the normal tibia by visualization of the
scan. In fact, the site of infection in this rabbit model overlaps
with the metabolically active regions of bone, which makes it
difficult to differentiate the normal bone from abnormal bone
unless major changes in osteoblastic activity have taken place.
In the perfusion phase of the three-phase bone scan, there was
a very subtle flow increase in the infected bone of all rabbits,
but in the subsequent 3-hr images only 5 ofthe 9 rabbits showed
an increased accumulation of tracer. In 2 rabbits, the 3-hr T/NT
ratios were of the order of 2.66 and 2.07. Histopathology of
these rabbits revealed severe bone infection extending into the
diaphysis of the tibia. Figure 5 shows images of a rabbit that
were positive for bone infection by all investigations including
culture.

The third nuclear medicine modality tested for detection of
osteomyelitis was 67Ga-citrate imaging. The average T/NT
ratios in the 24-hr and 48-hr images were I .62 Â±0. 19 and
1.74 Â±0.24, respectively. The difference between these ratios,
as a function of time, was not statistically significant; however,
a decrease in background activity made lesion visualization
better at 48 hr than at 24 hr. The scans gave a positive
impression in 8 ofthe 9 rabbits, whereas in 1 rabbit the findings
were equivocal (Fig. 6). The 99mTc@MDPscan of the equivocal
rabbit was negative, but a radiolabeled liposome scan depicted
a positive accumulation in infected tibia of this rabbit. His
topathologically, the tibia had signs of early infection. In the
rest of the cases,67Ga-citrate accumulated in concordance with
radiolabeled liposomes, the maximum TINT ratio for 67Ga
citrate being 2.74.

Radiography, which is known to be the least sensitive among
the routine diagnostic procedures for osteomyelitis, was per
formed last. Of the 9 histopathologically-positive rabbits, only
3 showed positive signs of osteomyelitis in the infected tibia.
Periosteal elevation and new bone formation were the marked

FIGURE2. Dot diagramshowingcomparativeefficacyof radiolabeled
liposomes(AL), @Tc-MDPand 67@3@citrateas factors of T/NT ratio.

or inflammation, liposome uptake was higher in the infected
soft tissue, but it did not overlap the tibial infection site. The
soft tissue involvement was toward the femur, which may be
because of upward stretching of the soft tissue mass in the
imaging position. This interpetation was confirmed by one or
more lateral views of the lower extremities.

Though the radiolabeled liposomes yielded the best T/NT
ratios at 48 hr, in 3 rabbits the infected tibia accumulated
enough radioactivity in the 4â€”6hr image to delineate it from
the normal tibia. The other animals became positive on 24-hr
scans. The average T/NT ratio at 4â€”6 hr postinjection was
1.36 Â± 0.16, which increased to 1.61 Â± 0.18 at 24 hr
postinjection and 1.86 Â±0. 19 at 48 hr postinjection. Consider
ing the uniqueness of the site and the pathophysiology of
osteomyelitic infection, TINT ratios of such a magnitude may
be regarded as good. The liposomes also have a tendency to
accumulate in bone marrow, therefore, a considerable amount
of activity was found in normal bone harboring red marrow.
The utility ofusing two radionuclides within the liposomes was
evident from the observation that 5 rabbits who were either

Tc@@i@@ N I@-'11124 N li-Ill 41 I
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FIGURE3. Aadiolabeledliposomeimagesof rabbitwithrighttibialinfection.
Increasedaccumulationof radioactivityisseeninrighttibiaatalltimepoints.

1092 THEJOURNALOFNUCLEARMEDICINEâ€¢Vol. 39 â€¢No. 6 June1998



observations. Abnormal lucency in the metaphyseal region also
was observed in a few cases. Obviously, the radiolabeled
liposomes were more sensitive than the radiography.

DISCUSSION
Recent breakthroughs in liposome technology and improved

radiolabeling methods have led to the successful use of radio
labeled liposomes in imaging infectious sites in rats (20â€”22).
Our studydemonstratedthat liposomesalso are very useful for
imaging osteomyelitis. During the early imaging phase (6â€”24
hr), the 99mTc label provides useful information with greatly
increased photon flux, while later imaging (beyond 24 hi) with
I I 1In fills in critical details. Of the 8 unequivocally positive

radiolabeled liposomes' imaging cases, during the early imag
ing period from 4â€”6Kr, 3 rabbits were found to be positive, 2

:t@@ were equivocal, while 3 yielded negative scans. By 24â€”48 hr,

â€¢ the scans became clearer leading to definite diagnosis in these
8 rabbits.â€¢\ Radiolabeledliposomesperformedwellinourstudywith8
positive cases and 1 equivocal case where the bone infection
was overwhelmed by the tremendous accumulation in the
adjacent soft-tissue infection. The exact mechanism of lipo
some accumulation in inflammatory sites is not known. The
liposomes probably extravasate through the leaky capillaries at
the inflammatory sites; however, the role of bacteria and
phagocytic leukocytes present at these sites cannot be ignored
(21,30).Although the physiologicalbasisof liposomeaccumu
lation in infection does not appear to be specific to the presence
of infection, its usefulnessin imaging inflammation and infec
tion cannot be ruled out because none of the other imaging
methods is infection specific (14).

Gallium-67-citrate has been shown to localize in bone infec
tion earlier than @â€˜@â€˜Tc-MDP(10,31,32). We also found 67Ga
citrate to be a sensitive indicator of bone infection. Eight of 9
rabbits in our study showed definite indication of its accumu
lation in the infected tibia. Only 1 was equivocal where the
T/NT ratio was found to be only 1.19. Since 67Ga-citrate
scanning was done 5 days after the liposome scan, we expected
it to perform equally well, if not better than the liposomes,
assuming that infection consolidated its presence by Day 9. On
the basis of this assumption, we believe that if the liposome
study had been performed on Day 9, it would have yielded
better images than those obtained on Day 4. Despite its
widespread use, 67Ga-citrate imaging has several serious draw
backs. These include its slow clearance from background,
accumulation in tumor and bowel excretion that interferes in
detection of vertebral and pelvic osteomyelitis (13). It is also
taken up by reactive bone, which may increase the possibilities
of false-positive results (33).

Cii? Uptake of9@â€•Tc-MDPin bone depends on two factorsâ€”blood
41 I flow and osteoblastic activity (34). Despite its well-established

importance in diagnosing acute osteomyelitis, it has been found
unreliable in neonates and children (11,35). Also, it may not be
possible to differentiate its accumulation due to bone repair
secondary to trauma or surgery from that due to bone infection.
A simultaneous@ IIIn white cell scan or 67Ga-citrate scan adds
more specificity to the conventional three-phase bone scan (10);
however, these additional procedures increase the total cost of
investigation. In our study, 99mTc@MDPwas positive in 5 of 9
rabbits with osteomyelitis. The slight increase in blood perfu
sion in phase I/Il ofthe imaging in a few rabbits with a negative
3-hr image indicates that hyperemia and increase in blood flow
precede the elevation in bone metabolism. In very early disease
when the intramedullary pressure of the infected bone is high,
the @â€œTc-MDPscan may, in fact, show a photopenic focus. It
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is only after revascularization and manifestation of the inflam
matory reaction that an increased uptake of the bone-seeking
radiopharmaceutical occurs (34).

In a previous rabbit study, it was found that radiography was
not indicative of osteomyelitis until Days 14â€”21after onset of
infection (36), and it was normal in histologically-confirmed
early infected bone (31). Our results confirm these earlier
investigations. Only 3 of 9 rabbits in our study were found to
demonstrate conclusive signs of acute osteomyelitis. Other
investigators also have found radiography lacking the sensitiv
ity and specificity of the scintigraphic procedures (37). The
delay in radiographic changes is due to the slow rate of
anatomical changes, lyric lesions and areasof increaseddensity,
which can be visualized by radiography (5,17).

CONCLUSION
In our study, radiolabeled liposomes were found more sen

sitive than 9@Tc-MDP and radiography, and they were com
parable to 67Ga-citrate. Nevertheless, liposomes have obvious
advantagesover 67Gasuch as the absenceof bowel disposition
of radioactivity, ideal energy characteristics and lack of uptake
by reactive bone. A major limitation of our study was that we
were unable to compare the performance of @mTc@liposomes
with â€˜â€˜â€˜In-leukocytesin rabbits because of the difficulties
associated with the separation of rabbit leukocytes. Another
drawback was the time lag between the various investigations
after induction of osteomyelitis. From our study, we conclude
that radiolabeled liposomes are of great use in diagnosing
infectious sites, which accumulate the injected radiopharmaceu
ticals slowly over a period of 1â€”2days. Since the liposomes
were labeled with I@@ as well as 99mTc,it was easier during
our investigationto predict the accumulationof liposomesin
early images and to confirm them in the late images.
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