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ABSTRACT B .

Several procedures for the induction of osteomyelitis in a
rabbit model were evaluated. The animal model which best seemed
to simulate thé human disease was studied by radiological and
.scintigraphic methods in an effort to assess the relative efficiency
of these modalities for the early detection of the disease siate.

Diagnostic_ r,!ology demonstrated a sensitivity of 0.89 and.

a specificity of 6.68 for detecting osteomyelitis in this animal
model while scintigraphic analysis provideq a sensitivity of 0.42 .
and a specificity of 0.95. Scintigraphic detection of ﬁpe
experimentally induced infection site was often hampered by thé
normal high uptake of radiotracer in the growing epiphyseal
regions in the young rabbit. Interobserver variability was higher
in the intérpretation of the radiographs than in the reading of O~
tﬁq scintiscans. ‘Increased uptake of Tc-99m methyiene.diphosphonate
. (MDP) in the afiected bone relative to the contralateral normal bone
‘was seen within ten minutes of intravenous injection. Static uptake
studies also con;istent]y showed more uptake of Tc-99m MDP by affected
bone than contralateral normal bone.

Other séintigraphic studies in this animal model, employing ]8;1 .
sodium fluoride, 6764 citrate, 9M9m sulphur colloid hone marrow
uptake, and 99mTc,sulphur colloid leukocyte scintiffggs have shown
patterns of uptake consistent with‘the deve]opmentiend progression

. . 4

- L
of osteomyelitis. - i }
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Osteomyglitis is an insidiousrgone infe;tion,diffitult to -
diagnose clinically in its early stages because of its inherent
characteristics. Signs and symptom§ include a positive blood
culture, elevated temperature, edema; pain, joibt tenderness, soft
tissue swelling, erythema, limping, ahd disuse of the affected‘ﬂgrt;

Early diagnosis is essential to ensure tﬁg 1%ke]ihood of complete
recovery ynd to prevent the possible crippling effects of the di;ease by
admin1stéring’prompﬁ, effective antibiotic tﬁerapy. Currently, therapy
is individually modified to each patient and may be up to six weeks in
duration.

Historically, diagnosis was performed either by observing
roentgenographic changes over a period of time or by noting gross bone
structural malformation S specifically destructive bone changes and
" periosteal new bone formation as well as soft tissue inflammation.
However, there is a latent period, usually seven to fourteen day§
between the initial onset of the clinically recognized signs and
symptoms and sufficient radiologically visible bone changes to make the
diagnosis.

Recen&]y, a new diagnostic technique has gained clinical favor -
the use of radioactive bone scanning agents to make an early diagnosis
on a functional or physiological level.

Currehf Titerature indicates that suspected cases of osteomyelitis
have been confirmed with the Qse of bone-seeking radioagents within 48
hours of the onset of appropriate signs and symptoms.

The purpose of this researchkproject was to compare the relative

sensitivities of current diagnostic radiological techniques with



presently used bone-seeking radiophaﬁmaceﬁticais in the early diagnosis
of osteaﬁye1itisi

To accomplish this, a simulation of the disease state was induced
in male New Zealand white rabbits. Parallel series of bope scans and
radiographs were made G% each animal during the course of the diseWse
and studies were conducted to compare the relative sensitivities of

t&gse two approaches for the early detection of osteomyelitis.

>
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. A.  OSTEOMYELITIS 7
Osteomyelitis is a bone infection which is most prevalent in the
pedRtric age group and occurs most frequently in the long bones,
especially the tibia and femur. These diseaées may localize or may )

diffuse to affect ﬁeriosteumi cortex, cancellous tissue, or marrow.
Dsteamye]it%s may be acute or chronic. Waldvogel (Wa70) classifies
osteomyelitis into three tategaries: hematogenous osteomyelitis,
osteomyel{tis resulting from contiguous infection foci, and
osteomyelitis accompanying peripheral vachTar disorders.

While a complete discussion of bone physiology is beyond the scope
of this thesis the following section reviews some pertinent aspects of p
bone structufe as related to processes of bone infection (Ga69, Wa70, /g/\\
Wa70a, Wa70b).

Long bones consist of a shaft or diaphysis and two ends known as
the epiphyses which are usually wider than the diaphysis. Completely
;cartilagineus epiphyses are found on grcwfng bones but if ossification
of the epiphysis has begun, carti1a§in@us discs separate the epiphysis
from the diaphysis. The metaphysis is the wider part of the diaphysis
contiguous with the epiphyseal disc and also contains the growth zone Qf
the bone. The mature long bone metaphysis and epiphysis are continuous.

A tube!of compact or cortical bone makes up the long bone shaft.
The cavity in the shaft is the medullary or marrow cavity and contains
either red or yellow marrow or both in combination. The metaphysis and
epiphysis are composed of trabeculae, irreguilar anastomosing bars,.

forming cancellous or spongy bone. Marrow occupies the spaces between

f



the trabeculae. Compact bone makes up the external surfaces of the
metaphysis and epiphysis, all of which‘areéuitimately covered by a
cartilage.

Periosteum, a canngct{veztissﬁe which covers all 1iving bones, is.
composed of two layers - a fibrous ouper, )1p1tin§3m3ﬁbrane containing
blood vessels and an inner layer uhi!:E:s relatively less dense and
looser, containing a network of elastic fibres. Another tissue, the
endosteum, lines thejmedUTTary cavity. | '

The periosteum is contiguous with the joint capsule although it is
not associated with the joint cartilage. Tendons and muscles are
attached to the periosteum. =

Thé blood vessels enter the bone through many foramina or openings
in the bone.é Most of the foramina are located close to tﬁe articular
surface edges. The veins usually leave the bones via the largest
foramina. The foramina on the shaft are generally smaller except for
one or two large nutrient foramina which form obliquely slanting canals
containing the nutrient vessels feeding the bone marrow. Bone tissue is
metabollically active. Rapid synthesis and resorption of bone tissue
require a sufficient vascular supply. Acute hematogenous osteomyelitis
typically affects long bone metaphyses. o

Waldvogel (Wa70) reports in a general review article that rabb{ts
are susceptible to osteomyelitis because the blood vessels praximafitc
the metaphysea]laspect of the growth plate present an available site for
bacterial infection. The nutrient capillaries approaching the
epiphyseal growth plate make sharp loops and jain large sinusoid veins

, ) )
in the marrow cavity producing a suddenly sluggish blood flow. Three

reasons are suggested for the observed usual localization ol



(=

%

Ad}i@g polymorphonuclear leukocytes will possibly damage and maj eveg

in/the metaphysis (ibid). First, an aiﬁénding or afferent capillary
1Q§p.u5uaiiy is a single structure and hasg diameter of 8 um while the
descending loops are usually multiple and their diameters range from 15
to 60 um ;D produce a slower, more tdrbulent blood fldw (ibid).
Secondly, phagocytic 1ining cells are absent in the afferent loop, and

while the efferent loop has such cells, they are functionally imactive

» (ibid). T?ird]y; because the capiliary loops remain single structures

and do not communicate with any other structures, any occlusion by
bacteria or microthrombi would result in an avascular necrosjs (ibid).
If bacteria establish themselves in a suitable locus, a series of
physical changes soon occur in the area of infection (ibid). The
hest responds with immune and*inflammatory responses in an attempt to
isolate and annihilate the %icraarganismgi The infected bone
responds with an acute inflammatory response and exudes a fluid
containing polymorphonuclear leukocytes and fibrin. Within the bone

vascular ischaemia, bacterial ﬁrﬂductséaand enzymes liberated from

kil1T Marrow and perhaps trabecular bone. If, at this stage, the

bacteria are killed, the bone will usually heal and be restored to

its normal state. If, however, the disease stat& progresses beyond
this Boint, the pathophysiologic situation of the bone changes
radically and the overall status of the bone deteriorates (ibid).
The case of an infection in bone is different from most other body
infections in that, a situation exists where a small volume of soft
tissue is completely enéapsglated by a hard'outer casing. As the
bene produces more exudate, the internal pressurg of the bone

increases and the exudate forces its way through the medullary cgvity



and into the Volkmans and Haversian canals, which are the canals of
the bone cortex. What happens next is dependent on two factors -
firstly the thickness of the cortex and secondly the thickness an&
degree of periosteum attachment to the cortex. '
In the pediatric situation, the .metaphyseal cortex is typically
thin and has associated with it a loosely attached periosteum (ibid).
An infection within the metaphysis can push its exudate through the
cortex and elevaté the periosteum resulting in a interruption of the
blood supply to the cortical bone (ibid). This ends in the death of the
outer half of the afflicted carté;; !As the bone dies, sequestra form.
Sequestra are bits of dead bone which separate from unaffected bone
during the process of necrosis. Pus eventually surrounds the sequestra.
- Repair is composed essentially of fibrous tissue production and new bone
;ormatinn in the medullary ﬁinaii Involucrum, new bone formed under tﬁe
periosteum when the periosteum is 1ifted, can a]sc'be observed. In such
infections in the pediatric age group much involucrum tissue can be seen
Aand can surround the necrotic cortex. Because the sequestra are
isolated from a blood supply a unique set of circumstances are set up

(ibid): (1) the repair processes are sTéwed considerably, (2) the
\bathogenic bacteria which could reinfect the bone are isolated, and
(3) the rate at which antibodies and antibiotics reach the bacteria are
§]owed,

| In infants the diaphysis is usually involved initially aﬁﬁ the
infection spreads rapidly to the epiphysis and jﬁint spaces. Since the \
metaphyseal cortex is thin and immature, the exudate typically Tifts and 7
perforates the periosteum to affect periosteal tissue often with '

remarkable bone destruction and involucrum formation.

%



The adult situation is different in that the cortex is thicker and
-possess a much more rigidly bound periosteum (ibid). Any internal
infection here tends to remain within the intramedullary cavity and can

potentially spread along the canal and through the articular cartilage

é@né disappears from the endosteal side, and some new bone formation
occurs (ibid). Soft tissue abscesses can be seen if pus permeates the
cortex and periosteum to reach soft tissue. Singe thé periosteum is not
lifted off the bone, the blood supply remains intact and sequestra are

rarely seen (ibid).

B. ANIMAL MODELS FOR OSTEOMYELITIS

A numﬁer of various procedures for the induction of osteomyelitis
in animal models have been reported in the literature. The following
section reviews some of the dacumented experimental methods that are
relevant to this thesis.

In 1884 Rodet (Ro73) reported an animal model for osteomyelitis
produced by intravenous injection of a ;§11gu orange microbe grown in
chicken bouillon. Starr (5t22) presented a dog model for osteomyelitis
produced by injection of disease-causing microorganisms into a nutrient
artery or physically damaged metaphysi%. However, all animals diéd
within two days of injection so that no later developing symptoms of the
disease could be observed. _Starr stated (p. 557)_5we found great
staphylococci or streptococci of known virulence in man". Haldeman
(Ha34) presented a rabbit model prodﬁced by insertion of S. aureus into

a hole drilled in the upper end of the tibia. Thompson and Dubos (Th38)



announced a rabbit model produced by intravenau§ injection of S. aureus.
Wilensky (Wi27) questioned unsuccessful animal models and emphasized the
importance of establishing the necessary milieu for embolus-thrombus
farmatign. Scheman et al. (Sc41) attempted to TEpFDdUCE published
animal models but were unable to dup11cate the progressive bone lesion
characteristic of the disease and instead found that the animals died
with abscesses in the liver, kidney or spleen with only infrequent bone
involvement. This group reported that the necessary aseptic necr§si§ of
bone can be induced by the presence of sodjum mbrrhuate which can
subsequently develop into osteomyelitis given the presence of
Staphylococcus aureus.

More 9gima1 models for osteomyelitis have recent?& been reported in
the literature. Deysine et al. (De76) reported én a canine model
induced by inje;ting a preparation of barium sulfate and S. aureus into
the nutrient artery of the tibia. Nickerson et al. (Ni69) preseﬁted a
model induced by the inject;ga of a mixture of S. aureus apd lanolin
into the medullary cavity of the rabbit femur. Norden (No70) reported ;
protocol for a rabbit model for Qsteumyel1t15 After shaving the fighﬁ
hind 1imb and cleaning the 1ngect1cn site with alcohol an 18-gauge
needle was inserted through fﬁe skin and lateral aspect of the
metaphysis into the medullary compartment of the tibia. Sméii volumes
(0.1 m1) of sodium morrhuate, S. aureus suspension, and sterile saline
were then passaged through the heed1eginta the medullary cavity.
Although the strain of S. éufeus employed was isolated from a child with
osteomyelitis, Norden reported that the use of only the bactéria or
sclerosing agent alone produced no evidence of the diseqsg process, and

furthermore bone cultures taken 14 and 16 days post-inoculation were

10
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always sterile. Both S. aureus and sodium morrhuate were needed to .
cause osteomyelitis. Norden further stated that this model was similar .
to the human condition in that: "(1) the animals favored the infected
Timb, (2) the animals showed evidence of systemic infection with
elevated sedimentation rate and leukocyte count, and loss of weight,
(3) the affected leg appeared swollen and warm as éariy}as‘7 days after
injection, (4) radiographic changes of osteomyelitis were not seen until
14-21 days after infection. Radioiagic changes consisted of destruction
of the shaft of the tibia, elevation and disruption of the perinsteu¢,
new bone deposition, and sequestrum formation". Norden, however, used;
no control animals in his experiments. Rinsky et al. (Ri77) also used
Norden's model bdt prepared controls by injecting sterile culture medi;m!
! —~
instead of bacteria. Rafkin et al. (Ra74) reported a rabbit model
induced by injecting a mixture of 0.1 ml sodium morrhuate and 1 ml
S. aureus suspension into the tibial medullary cavity and then seaiiniﬁ
the hole with bone wax to prevent subcutaneous infections. Controls
were provided by injecting normal saline into the contralateral tibfa.
Deysine et al. (De75) reported a similar procedure in which the rabbits'
periésteum was stripped for 3 mm, a 1 mm burr was used to puncture the
bone, and a needle forced into the medulla. Sterile normal saline was
injezied into the left tibia and a mixture of S. aureus and sodium
morrhuate into the contralateral bone. The holes were then sealed with
sterile bone wax. Norris gg;gl; (No81) reported a rabbit model which
involves an antigenic stimulus but no viable microorganisms. This
ipvo1ved culturing S. aureus procurred from a patient with acute

osteomyelitis, followed by suspension in distilled water, and finally a

B
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‘heat-killing process. The final suspensién was injected together with 3
sodium morrhuate into the medullary cavity of the tibia.

C. RADIOGRAPHIC DETECTION OF OSTEOMYELITIS

Independent reports by Capitanio and K{ikpatriﬁk (Ca70) and by
Treves et al. (Tr76) indicate that in‘acute cases of asteamyejitis,
roentgenograms have demonstrated visible soft tissue changes within
seventy-two hours of the onset of sjmptams. Furthe%mcre, their work
suggests that three differen} types of changes may be observed. These
include the fo110wiﬁg: firstly, a local, deep swelling of the soft
tissue proximal to the metaphysis with contiguous shifting of fat lines
but without superficial edema, secondly, a larger volume of tissue
involvement accoﬁpanied by destrgctienéaf the lucent intramuscle planes,
and thirdly, subcutaneous edema. These authors stressed that such
changes are small and are unlikely to be recognized unless symmetrical
roentgenograms of both extremities are made at the same time for
comparison. Moreover, other reports show that for bone changes to be
seen radiographically, 30% to 50% of the mineral must be removed from
~ the bone matrix (Ba48, Sn57). Such regions of bone involvement are
‘often poorly defined and irregular in .nature. If the lesion is not
extensive or if it is deep in the bone, the formation of new bone under
the periosteum may be the earliest or possibly even the only sign of
osteomyelitis (Ae68); If the infection is deep within the bone, it may
be hidden by superimposéd structures such as sclerotic bone normally .
found surrounding the inflammatory bones when the process of healing is

initiated (Ae68). The classic radiograms characterized by sclerosis and
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irregular thiékening of the bone to produce abnormal bone architecture
are not seen until 10-12 days after the onset of symptoms (Ca70).
D. BONE SCINTISCANNING

Bone scintiscanning is one of the most commonly used diagnostic
procedures employed in nuclear medicine today. Perhaps, in its simplest
sense, bone scintiscanning procedures can be viewed as functional
éxaminatians of the skeletal system. Eane scintigraphic imaging
procedures have been adopted for many clinical investigations such as
the detection of occult fractures nét seen on radiographs, evaluation of
chemotherapy, and assessment of arthritis involvement. A complete
review of such procedures is beyond the scope of this:discussion but '
extensive information is readily available in many textbc@ksgof nuclear
medicine. Fo%¥tﬁe purpose of this thesis, the literature review will be
confined to bone scintigraphy as related to detection of-nsteumye1itjs.

Bauer and Hengeberg (Ba59) reported data from two patients who
presented with ostemyelitis and who wg!e injected intrg#en@us1y with
strontium-85. Count rates obtained over both the affected and
contra1atera] unaffected bbnes demonstrated increased levels of
radioactivity over the infected banelre1ative to the nafma1 bone. One
‘of these twé cases showed increased uptake of radfotracer before any

lesion was evident in the radiograph.

Some radioisotopes used for bone scintigraphy include ?7C;i BSSF‘.i
87"“51‘i 18F, and gngc,

v47Ca possesses, perhaps, the most physfologic properties of these '

radionuclides but is considered unsuitable for clinical use because of
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its associated 8™~ decay, high y-energy (1.31 MeV), and long physical
half-1ife (4.5 days) (Wa68). a4fsg

The radicisatépes of strontium are handled by the body as anionic
fashion as calcium but not identically (Ba58). 1The major drawback to
the use of this element is long plasma retention and slow excretion

i

clinical information (F161).
E. 7Tc-PHOSPHATES
At the present t*imei%mast widely used bone scanning aints are

various Tc-99m labelled phosphate complexes. These complexes are
usually labelled by a stannous ion reduction procedure of sodium
pertechnetate obtained from commercially available radionuclide
-generators (Su71, Su72, St74). The original polyphosphate compound has
been modified over the past decade to produce many_ana]ogues including
pyrophosphate (PPI), imidodiphosphate (IDP), diphosphonate (EHDP), and
ather§ (Da76, Su7é6, SQ?S).-fnavis and Jones (Da’6) reported data on the
biodistribution of the following 2 ™Tc-labelled phosphate and
phosphonate agents fn rabbits expre%sed as per cent of total activity
injected tﬁo hours after adm?nistraticn: imidodiphosphate (also called
IDP), methylene diphosphonate (aliso called MDP), 1-aminoethylidene
diphosphonate (also called AEDP), 1-hydroxyethylidene-1, 1-diphosphonic
acid (also called EHDP), pyrophosphate (also called PPj), ’
ethylenedfamine tetra (methylene phosphonic acid (also ca11edlEDTHP),
triethylenedramine tetra (methylene phosphonic acid) (also called

TENTMP), ¥nd diethylenetriamine penta (methylene phosphonic acid) (also

14
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called DTPHP) as in Table 1. Subramanian et al. (Su76) state that the
stability of these compounds varies only slightly. Because methylene
diphosphonate has the most rapid blood clearance and most quickly
establishes a high lesion-to-background ratio (Da?S{} it has gained
wide-spread use as a bone-seeking radiopharamaceutical.

An overview of factors involved in uptake of ngTc-phcsﬁhate

complexes by bone was presented by Frances et al. (Fr79) in which the

following points were made: (1) These radiopharmaveuticals are very
étable and variations in labelling and injection procedure have very
little effect on stability although dne report by Henkin et al. (He81)
reported that a study of incubation times for 99mTc-HDP ranging from 30
to 121 minutes indicated that longer incubation periods produced better

scintiscans. (2) Two major factprs involved in skeletal uptake of

phosphates and phosphonates are Yascularity and skeletal metabolism:
Francis et al. (Fr79) also reported that other important factor$ are:
"the composition and surface area of the specific calcium phosphate
present in bone where the Tc-99m ligand can diffuse: the solubility of
the calcium ligand salt formed on the surface of the calcium phosphate
in bone; the strength of the Tc-99m ligand complex which determines its
stability while circulating ... to the bone and the structure of the
ligand with which the reduced }echnetium species reacts to form a stable
complex. Additional factors ;u¢h as size of the technetium-99m complex,
its charge and protein binding potential can also have an effect on its
diffusion from the vascular system and its reactivity with bone". -
The vascular system delivers the radiopharmaceutical to the bone.

Wootton (Wo74) and Garnett et al. (Ga75) stated that ngTCipyFDDhDsphatE

demonstrates an extraction ratio of 64% compared to fluorine-18 which is
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considered to be 100% extracted. Lavender et al. (La79) reported work

showing that a change in blood flow F 100% in a canine tibial

artery produced a‘éhange in diphosf ”'e'uptake of 800% and concluded
that changes in blood flow rates can produce dramatic changes in bone
uptake of radiotracer but that éther factors are also involved. Hughes
et al. (Hu78) reported a four compartment blood clearance curve for
IIMIc-MDOP while Makler and Charkes (MaB0) published results on a five

99m

compartment model for 99mTt=MDP in which they reported that less Tc-

MDP than.'8

F is extracted by bone (43% vs. 60%) than that reported by
other investigators. Furthermore, they also hypothesized that a slower
rate of diffﬁsion into a smaller distribution space (extracellular
fluid) was the prime factor to explain lower bone uptake of gngcﬁMDP
compared to ng (Ma80). Moreover, these authors stated that optimum
scintiscans could be obtained 4-6 hcufs after intravenous injection and
should be taken for a fixed total number of counts rather than for a
fixed time. This model of uptake of 2>"Tc-MDP also showed little
increase in uptake of Fadiotrécer when vascular flow increased
significantly (Ma80).

Subramanian et al. (Su75) interpreted the slower blood clearance

associated with gngcspyraphasphate versus gngc-HDP as the result of a

larger fraction of the labelled pyrophosphate complex being protein

bound so that bone uptake and urinary excretion were de?ayéd, Saha and

Boyd (Sa78) suggested that réiease of the radia]abe11eé pyrophosphate
from the plasma proteins is slower than the rate of bone uptake and
urinary excretion of free ngTc—pyerhosphateﬁ They also reported that
lower molecular weight plasma proteins re]éaged the radiotracer g;

slower rates than.the higher molecular weight plasma proteins. Later

17



| work by Saha and Boyd (Sa79) suggested that pi%sma clearance of protein
bound ngTc—methyiene diphosphonate is much slower than the rate of
uptake by bone and urinary excretion. Krishnamurthy et al. (KE?A)
reported that the alpha- and beta-globulins are primarily associated
with plasma binding of gngcépoiyﬁhcsphates and pyrophosphate.
F. SKELETAL METABOLISM

Guillemart et al. (Gud0) found that at thirty minutes after
intravenous administration of technetium-stannous pyrophosphate and
45Ca; localization of both radiotracers reflected the vascular
distribution in bone and calcified cartilage but that the technetium
radioactivity was basically distributed to bone although not tightly
bound. Howev%r, autoradiographic patterns were constant in the
diaphysis throﬁghaut the experiment which the authors interpreted as
local retention of the radiotracer so that they regarded the phosphate
molecule as a "surface-seeker" rather than a "volume-seeker" such as
4565 which distributes throughout the bone tissue.

Kaye et al. (Ka75) postulated that My . bone-seeking
radiopharmaceuticals are deposited to some extent on the organic matrix
of bone in suéh disease states as osteomalacia but Francis et al. (Fr79)

suggested that localization probably occurs as the process of the

99mTc=1igand/cémp]ex reacting with the nuclei of calcium phosphate in
the uncalcified bone matrix and not because of specific ahsorption or
interaction with the organic matrix of the skeleton. They postulate
that the rate of incorporation of calcium phosphate in the bone and
maturity of the bone influence the type of inorganic Eaicium phosphate

found in bone. Mature bone is composed of cell crystallized
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hydroxyapatite [Caio(DH)Z(PQ4)6)] which is found as needlelike
crystallites EDO-SdD A in length and 25-75 A in diameter or as plates
400 A long and wide and about 50 A thick (Fr79).* The molar Ca/P ratio
of these mature crystals is close to the theoretica] 1.67 for-
hydroxyapatite. If, however, bone is examined in an area of rapid

metabolic formation such as in embryonic bone, newly forming bone or in

lesions such as Paget's disease, the calcium phosphate present is of low

density and high hydration, is amorphorous (by x-ray or electron
microscopy), and can have a molar Ca/P as low as 1.4 (p. 607)" (Fr79).
The authors feei‘z;at mixtures of calcium phosphates of different,
hydration states such as CaHPO,, CayH(PO4) 4, and Ca;(PO,), are found in
areas of rapid metabolic formation. The exact kinetics of reactions
between the radiopharmaceutical and these various éhases is not known

but it is accepted that the amount of absorption is directly

proportional to available surface area. Francis et al. (Fr.68) reported

that stannous tin, indiury, and gallium react directly with the phosphate

énion of bone to produce an insoluble phosphate tighiﬁy bound to the
inorganic phase.. Anions such as diphosphonate, pyrophcsphatei

polyphosphate, and fluoride react directly with calcium hydroxyapatite

to produce thin layers of insoluble calcium salts also strongly bound té- :

the inomganic phase of bone (Fr79). These workers state that jmportant
factors for ligand superiority are stability of the radiotabelled agent,
solubility of the phosphonate, presence of the hydroxygroup, and
sdtubility of the phosphonate calcium salt which apply also to areas of
osteogenesis where the face of the hydroxyapatite surface is elevated
relative to‘thé other apatite faces and a1éc because the early

nonopatite states of calcium phosphonate exist.



The mechanism of incorporation of J9™Tc bone-seeking

" completely known. Jones et al. (Jo76) suggested that the

9%y _phosphorous compound is carried as an intact unit to the bone
where it dissociates because of the affinity of the phosphorous moiety

for the calcium phosphate of the bone whereupon the gngc is stored in

the bone as the hydrolyzed oxide. Francis et al. (Fr79) pre¥ag
évidence that tin is not neceséary for gngc-ph@sphcrous éompaun,'
localize in bone. Tofe and Francis (To74) reported data showing that
the ratio of technetium to diphosphonate in bone does not vary between 3
and 24 hours after administration, indicating that the complex is

transported to the bone and stays there as a unit. Rosenthall and Kaye

rats examining the pharmacology of the phosphate complexes, especially

at gngc changed the kinetics of

pyrophosphate in which they concluded
these agents so that the labelled complekx appeared to interact with the
. aldehyde group of the collagen molecule while the phosphate moiety
without the 99mTc=Sn moiety appeared to bind to Sane mineral.

Unusual rates of osteoblastic activity have been implicated in
influencing the uptaké€ rates of radiolabelled bone-seeking agent
(We69, B171). Observed increases in pyrophosphate uptake in patients
presenting with osteomalacia has been explained by the observation that
pyrophosphate is found close to immature collagen in the bone
(Ka75, Ro76). Cox (Co74) indicated that the role of the complexing
agents is that of a cheiating agent to prevent colloid formation of the
technetium-99m in its (IV) valence state and to allow direct

incorporation of the element in this valence state into the bone.
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Handmaker and Leonards (Ha76) report the clinical observation in
which the 9ngc phosphate or phosphonate scintiscan produced early'in
the disease state manifests a "cold” lesion which later becomes "hot". P
Hoffer (Ho80) observed this early phenomenon seen with radiolabelled
P04' ion as the result of a tamponade of the blood vessels within the
bone due to‘increased blood pressure inside the marrow cavity so that no
overall increase in bone blood flow occurs. He ;Lrther states that "the
bone scan although very useful is neither as sensitive nor as specific
as originally believed (Ho80). Since biodistribution of Ga-67 is not as
dependent on blood flow as the Tc-99m phosphate complexes, Hoffer
recommends a 67Ga-citrate scintiscan procedure if the clinician suspects
bone infection but no abnormal scintiscan i; produced with a -
99mTc-phosphate or phosphonate agent.

No differences in detection rate of bone lesions between the
various phosphate and phosphonate complexes has yet been demonstrated (:T’-
(Du73). "

No evidence can be found that phosphatase enzyme systems play a

significant role in the localization of bone-seeking 99m

Tc phosphates or
phosphonates and Rohlin et al. (Ro78) showed that tissues with high
. pyrophosphatase activity (intestinal mucosa, stratum intermedium, and

subodontoblastic layers) did not show localization of gngc-

pyrophosphate.

Subramanian et al. (Su75) reviewed blood and urinary clearance
rates of technetium-99m phosbhérous complexes in man. Methylene
diphosphonate exhibited the fastest blood clearance rate which was very

]SF.

similar to that of At six hours after administration EHDP blood

clearance was less than thét'of MDP but more than that of MDP at 24
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hours. Pyrophosphate showed slower bipéd é]eafaﬂﬂg than either MDP
or EHDP and polyphosphate demonstrated the slowest clearance rate of
these four phosphorous agents. Fluorine-18 showed lower urinary
clearance than all four phosphorous radiopharmaceuticals. MDP and
EHDP ex?ibited similar clearance at 24 hours but MDP showed a higher
clearance rate at 2 hours after intravenous administration.
Polyphosphate and pyrophosphate demonstrated similar clearance rates
within the 24 hour interval but less than that of HD? and EHDP.
Subramanian et al. (Su75) presented the radiation dose estimates
listed in Table 2.

The radiation absorbed dose estimates for EHDP and MDP were
simi?é; as were those for pyrophosphate and polyphosphate. For the
listed organs, except bladder wall, the diphosphonates presented a
1qgér radiation dose thén the phosphates primarily because of slower
reﬁa1 extraction rates of the phosphates.

Because of the superior physical characteristics of Tc-99m (6 h
T1/2, 140 Kev v , and absence of particulate radiation, up to 14 mCi
may be administered to an adult to produce a large photon flux which
results in a high information density, minimizing statistical errors, "
and providing greater sensitivity than that realized with BSSr,
S7m5r§and ngai
G. STUDIES RELATING RADIOGRAPHS AND BONE SCINTISCANS FOR DETECTION

OF OSTEOMYELITIS

Weber et al. (We69) reported that the technique of radionuclide

scintiscanning "is a sensitive diagnostic technique which can frequently

indicate the presence and extent of lesions before they are visible on
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T
Table 2

Radiation Absorbed Dose Estimates in Humans
(Rads /mCi)

(Subramanian, 6, McAfee, JG, Blair, RJ), Kallfelz, FA, and Thomas, F.D:
Technetium-99m-methylene diphosphonate - argdperior agent for
skeletal imaging: Comparison with other technetium complexes.

J. Mucl. Med. 16: 744-755, 1975)

-

99"'Tc-EHDP 9ngc-pyrophosphate

or or *
Organ : _ 9ngc-HDP : 99"'Tc-polyphosphate
Skeleton 0.038 ' 0.054
Red Marrow N X 0.038
"Average soft tissue” 0.009 0.013
Total Body (conventipnal) 0.007 0.010
Kidneys * | 0.031 0.047
Bladder wall v o 0.440 B 0.320
Liver Lo 0.008 ' 0.014 .
Ovaries D 6.017 - 9.020 ‘
Testes | X F. o o1
-



_routine or special radiographs or tomograms". .Handmaker and Leonards

-

(Ha7é) stated that scintigraphic techniques can produce positive
results 10 to 14 days before such changes can be detected using
radiographic techniques. Blair and McAfee (B176) stated that
possibly one third of all patients with ske]eté] metastases had
positive scintiscans and normal radiographs and less than Dﬁe tenth
had positive roentgenographs and normal scintiscans. Russin and
Staab (Ru76) reported positive scintiscan results in a patient
presenting with osteomyelitis several days before ﬁasiiive
radiographic findings. Treves et al. (Tr76) presented data on 7

) children presenting with osteomyelitis who all underwent
scinitigraphic examination and demonstrated positive results. None
originally demonstrated any radiographic abnormalities and only 3
eventually did so. Hamilton and Hurley (Ha79), however, reported a
diagnostic accuracy of 56% for scintiscanning on a group of fourteen
children presenting with osteomyelitis. Berkowitz and Wenzel (BeB1)
reported that in 7 children who presented with clinical signs and
symptoms of osteomyelitis, r;?iagﬁaphs and scintiscans with QQTTC
methylene diphosphonate perf‘rﬁed within 48 hours of admission were all
reported as normal. Repeat ;Ejntigvaphs éiis days after onset of
symptoms showed confirmed signﬁ of the diseas® process in four patients,
while abnormal 5763 scintiscahs;were seen in two other patients, and
a positive bacterial culture confirmed the seventh patient to gave
osteomyelitis. Gilday (Gi80) reported cases of osteomyelitis where

gngc bone-seeking radiopharmaceutical studies were diagnosed as

delayed
normal but the blood pool image was not. Ash and Gilday (As80) reported

poor results in diagnosing osteomyelitis in neonates using scintigraphic

]
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techniques. Baisaé (BaB0) presented a case report of a false

’: positive scintigraphic study on a case of neonatal osteomyelitis.
Handmaker (Ha80) indicated that there are problems associated with
scintigraphic techniques when attempting to diagnose hematogenous
osteomyelitis which will be reviewed 'in the discusssion portion of

this thesis.

H. DYNAMIC UPTAKE IN BONE

Clinically used bone-seeking radiopharmaceuticals are administered
intravenously whereupon the material rapidly distributes to various body
compartments, mainly bone, while the nonbound component is excreted
ﬂrinﬂipé]]y via the urine. Work has been done that suggests that short
term uptake of commonly used bone-seeking radiotracers is closely
correlated with blood flow to the bone and is relatively independent of

osteogenesis (Ge74a). Other workers have produced results suggesting

factors have been alluded to which are thought to influence fixation at
that site (Le76). 5

Another study (Si76) also indicates that regional blood flow
primarily influences gngcéEHDP'depcsitian in bone and also that a’ltered=
regional radiotracer extraction efficiencies also play a role: these
include blood fTaw,‘asteégenesis, metabolic activity, capillary
permeability, volume of interstitial fluid, aﬁd bone surface area.
Further work (Ga75) suggests that lesion-to-tissue ratio is
influenced by changes in capillary permeability in the vicinity of

the lesion.



gngggboﬂe seeking radiopharmaceuticals studiedf§1inica11y
include polyphosphates, monofluorophosphate, diphosphonates, and
pyrophosphate (Su763i Patients injected with gngc methylene
diphasphcnaté are normally imaged with a gamma camera two hours after
{njectien of the radiopharmaceutical because images obtained after
this time interval are equivalent’ to a 3-4 hour scintiscan with QQmTC
pyrophosphate or EHDP or a 4-5 hour scintiscan with gngcé

polyphosphate (Su76).

1. %7GA CITRATE AND INFLAMMATORY LESIONS
67.

Ga citrate is a bone-seeking radiopharmaceutical which

concentrates in normal bone and marrow and is used fiagnostically for

tumor imaging and detection of inflammatory lesions {Ha78, Ro79). Its

2is so discussion

will be confined to detection of inflammatory 1 Sions

The mechanisms of uptake of 5753 by inflammatory lesions are not

fully understood but Hoffer has recently published two papers on this

67

subject (Ho80, HoB80a) in which he associated uptake of “"Ga with (1) in

vivo leukocyte radiolabelling, (2) lactoferrin binding at the site of

5763 complex

infection, (3) direct bacterial uptake, and (4) siderophore
formation at the inflammatory site which is then transported into the
bacteria. Menon et’al. (Me78) and Shysh et al. (Sh80) also reported
direct uptake of radiogallfum by micrecrganiémsi Shysh et al. (Sh81)
répafted that the macrophages within a liver granuloma of a mouse
treated with BCG are associated with the bulk of the $7Ga found in
the lesfon. Tzen et al. (Tz80) reported that either increased

capillary permeability or iron-binding proteins may produce regional



accumylation of radiogallium and presénce of either or both of these
factors at sites of inflammation may be involved in uptake of the
radiotracer in inflammatory foci. An exhaustive review of gallium
localization as pertaining to nuclear medicine procedures has been

published recently (Fr78). 3

67 ,,,,A

Handmaker and Leonards first proposed the use of ~'Ga to %ccgmpany

the bone scintiscan in diagnosing joint infection and osteomyelitis
(Ha76, Ha76a). Hoffer (Ho80) has reported that a problem inherent with
the 9QmTc: phosphate scintiscan is that agséar1y inflammatory lesion in
bone may tamponade the blood vessels with the bone and so prevent

67

increased blood flow within the bone and that °’Ga is more effective as

a diagnostic agent because it is less affected by blood flow. Hoffer

further states that "when infection is suspected and the Tc-99m
phosphate bone scan is negative, a Ga-67 scan is often indicated" (p.
486). Rosehthall et al. (Ro79) (p.718) state 675 concentration in.
bone per se may reflect not inflammation but increased bone
metabolism in response to trauma, and thus it is necessary to
supplement the 5763 examination with a 9QmTc—PP study to assess the
relative distribution patterns. If they are incongruent, |
osteomyelitis is likely, but if they are congruent infect{gn is in
doubt". Incongruence is due to the fact thai radiogallium is>a
Eaneéseekiﬁg radiotracer which produces a scintiimage of the bane.in
the same manner as other bone-seeking radiopharmaceuticals but in

addition if an inflammatory lesion is present, the §7Gaﬁtitrate

scintiscan will show the image of the bone as well as uptake by

soft-tissue involvement, direct bacterial uptake, and the other

factors discussed earlier in this section. Furthermore, the authors



cautioned that interpretation of E7Ea scintiscans must be done
bearing in mind the clinical végevies associated with radiogallium.

18

J. "F-FLUORIDE UPTAKE BY BONE

Wootton (Wo75, Wo74) reported that theisinQIQZpassage extraction of
- "8F-fluoride in rabbit bone is approximately 100% and postulated that’
increased bone uptake of this radiotracer simply reflects increased bone
blood flow. King et al. (Ki76, Ki77) stated that blood flow produced

greater effect on deposition of 8¢ _fluoride on bone than variations of

exchangeable bone pool. Costeas et al. (Co71) produced data which
indicated that uptake of 1§Féf1uariée by bone ucé:}red via exchange
of 1SF-f’IuGride with stable fluoride on the surface of the bone
crystal and not with hydroxyl ions in hydroxyapatite as was generally
accepted to that Eimeg

Ackerhalt é;iil, (Ac74) compared 99mTc—Sn=p91ythSphate,

Sn-1-hydroxyethane-1-diphosphonate (EHDP), and 18?-f1uaride and concluded
that the faster blood clearance rate of 18? and more rapid uptake by the
skeleton make it a superior agent when compared to the 99mTc=
phosphorous compounds.

Charkes et al. (Ch75) developed a four compartmental model to fit

human kinetic data and 1a£er described a five compartment model for
18F-F1uaride uptake in humans (Ch78) which behaves in a nonlinear manner
in that a five fold simulated increase in skeletal or systemic blood
flow produced no appreciable bone uptake of fluoride but a simulated

increased rate of bone extraction produced a notable change in

uptake.
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Charkes et al. (Ch79) using this five-compartment model to study -
fluoride kinetics in rats found good agreement between their
experimental estimates of fluoride partition betwgen bone ECF and
bone sﬁbstance for 0.5-2 minutes and 1 hour after/injection. These
workers also reported migﬁation of the radiofracer within the bone
tissue after the animals' deaths which they suggested might be due to

fluoride movement between "bone substance" and bone extracellular

L ¢4

fluid (Ch79).
5.
Creutzig (Cr73) reported a series of 75 patients with total hip
C
replacement comparinéﬁsapTC-EHDP and 18

between infected and normal contralateral femur for both radioisotopes.

F and fougd similar uptake ratios

Evaluation of the 9ngc-EHDP scintiscans produced 4 false positive

18

results while the same 4 patients all produced normal F scintiscans.

No false negative scintiscans were seen. In 18 patients both series of
18F

scintiphotos were negative. Riqgins et al. (Ri74) reported use of

in.dogs to study uptake in the femoral head and concluded that

localization of the radiotracer was directly correlated with blood flow

in the bone. D'Ambrosia et al. (DaZ5) reviewed 75 patients with

]8F scintigraphic procedures

avascular bone disorders who underwent
correlated with clinical findings, radiographs, and when poésible 99'"Tc-
- tetracycline scintigraphy and histological examinations. The authors
reported that uptake by the femur of radiofluoride accurately reflected
the degree of vascularization of the bone in these patients and that in
25 of these 75 patients with femoral neck fractures, the ]8F-
distribution corre]ated with radiolabelled tetratycline uptake and

verified that ]8F uptake urately reflects blood'flow to bone. -



K. BONE MARROW SCINTISCANNING

Because of the c{cse relationship between bone and bone marrow, an
evaluation af the bone marrow can be employed in the study of diseased
bone. Bone marrow has been classified as eithér red or yellow. Red
marrow is hematologically active and is the site of erythropoiesis,
granulopoiesis, thrombocytopoiesis and the retiCUIGEﬁdctheiia1 system in
the bone while yellow marrow is fat and has no such functions associated
with it. However, in cases of bone marrow extension ye11éw marrow is
converted to red marrow (Ga69).

McIntyre (Su76a) stated her belief that no one radiopharmaceutical
. is adequate by itself to clinically image the fUﬁthDﬂi;g bone marrow
sites of haematopoiesis. Vafiaué radiocolloids have been used to
de1ine§te sites of marrow function but these agents, however, are also
accurm%lated by the reticuloendothelial cells of the liver and spleen.
Particle ingestion by the RES 1s a function of "fixed",macrophages which
line the blood sinuses of the lung, spleen, Tiver and bone marrow -
(Su76a). Greenberg et al. (Gr66) reported that 96% of radiocoll0id
injected into the dog is distributgd to the liver and spleen and 2.8%
is localized within the benes, thus the marrow in the spine behind

these organs cannot be adequately studied with this approach (Gré66,

1i52).
Various radiopharmaceuticals have been used in the study of marrow
function including 1QaAu colloid (Zi52),,52F3efeerus citrate and

SQFe-ferraus citrate (Vab64). gngc sulphur colloid (Me75), gngciphytate
(Eg79, Su73), gngcaantimDny sulphur colloid (Eg79, Ma80a), and 3,
colloids (Ta74). 2?™c colloids readily delineateithe functioning

reticuloendothelial portion of the bone marrow, are relatively
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jnexpensive, éSsily obtainable, present a relatively small radiation

dose to the patient, and enable a fu][ study to be executed in one

session. Subramanian et al. (Su73) suggested that 9Mre stannous

phytate had potential use as a reticuloendothelial system imaging agent

but Hamilton et al. (Ha77)_showed that'compact bone rather than bone

marrow was the site of accumulation of Ehis radiotracer if in vivo

incubation was employed.

Bone marrow imaging radiopharmaceuticals should possess the

following characteristics: (1) diameter of the labelled co]]oidrmust be

less than 50 mu (Ma80a), (2) possess a high zeta potential to effect a

more stable colloid which, in turh. results in the full potential to

distributed in the body.(Su76), (3) an appropriate number of col]oid-béi;)\\

particles so as not to éverwhe]m the phagocytic ability of the system

"and thus avoid the phenomenon in which particle clearance rate becomes

less ;ffected by rate of systemic blood flow (Su76b), (4) .appropriate
‘surface characteristics of the colloid part;'icles, (Su76b), (5)
opsoni}ation or the coating of these particles by opsonin, a substance
similar to an antibody so that phagocytosis of the particle-opsonin
complex‘occurs (Su765). Several techniques have been‘reported to
determine particle size of gngc sulphur colloid (Ha77, Kr76, Bi79, Li79,
Wa79) and all reports have stated that the diameter of most sulphur
colloid particles is greater than 100 my and extends over a broad
range. Martfnda]e et al. (MaB80a) stated that S antimsny colloid is

99m

a better bone marrow imaging agent in rabbits than Tc sulphur colloid

but did not report which of the previously mentioned factors was
responsible for greater uptake. Takahashi'(Ta74) reported on ]]3mln

colloidal preparations incorporating chondroitin sulfate or
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chondroitin polysulfate and reported superior marrow to liver ratios
than those obtained with 1Q‘BAu colloid and ngTr; sulphur §u11ni§
Feigin (Fe74) reported data from a rabbit model for osteomyelitis
in which he studied bone marrow uptake of gngc solphur colloid as a
potential means of early diagnosis of osteomyelitis. Of 6 infected
animals, all demonstrated less uptake in the affected 1imb as compared

to the contralateral normal 1imb at least four days before radiographic

differences were ebserved;‘

L. 99™c-SULPHUR COLLOID LABELLED GRANULOCYTES

Granylocytes may be labelled in vitro by incubation with S
sulphur cqlloid (Le76a, An75, En75). Following intravenous injection,
these radiolabelled leukocytes localize at inflammatory lesions
affording detection by a gamma-scintillation camera (Le76a, Uc73, Ba77).
This approach to localization of inflammatory foci has been applied to

lungs (An75), intestine (Ba77), and bone (Le76a).
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A. EXPERIMENTAL ANIMALS

A modification of the ostemyeiitis animal model developed by Norden
(No70) was used in this project. Male New Zealand white rabbits
weighing 2-3 kg were anesthetized with sodium pentobarbital, 2.5mg/kg
i.p. and both legs were clipéed of hair, shaved, and cleansed with a
solution of 70% ethyl alcohol. Under ether anesthesia a 20 gauge 1 inch
disposable aluminum need]evwas introduced into the medullary cavity of
the tibia by passing it percutaneously through the 1atéfa1 aspect of the
metaphysis. Into the medullary cavity of the right tibia was injected
0.1 ml of 5% Sodium Morrhuate Injection USP (Eli Lii]y Co.), then 0.1 m!
of bacterial suspension, followed by 0.1 ml of sterile normal saline to
flush all the sclerosing agent and bacterial suspension into the bone.
The needle was_then removed and the skin again disinfected with the
alcoholic solution. In a §imilar manner the left (control) leg was
injected with 0.1 ml of the sodium morrhuate solution followed by 0.2 .m}
of sterile saline. During the experiment the animals were housed
separately in rapbit cages and supplied with water and rabbit food ad
Tibitum. The temperature in the animal room was kept constant at 22°C

with alternating 12 hour periods of light and darkness.

B. MICROORGANISMS

The bacteria used in all experiments were the standard laboratory
strain of Staphylcoccus aureus phage type 47 obtained from the
laboratories of Dr. F. Jackson, Department of Medical Bacteriology, ‘ ~—
FSCulty of Medicine, University of Alberta. The bacteria was supplied

as a su5pénsion in sterile normal saline and was assayed just prior to



injection and adjusted to concentrations varying from 2 x 109 to 10 x

_109 bacteria per ml.

C. RADIOPHARMACEUTICALS AND REAGENTS
1. ngTc Pyrophosphate

The ngTc labelled pyrophosphate used in the initial portion of
this work was supplied by the Department of Nuclear Medicine, Cross
Cancer Institute, Edmonton, Alberta and was composed of tetrasodium
pyrophosphate, stannous chloride, hydrochloric acid, sodium hydroxide,
and sterile water for injection USP. The radiochemical purity of all
the gngc pyrophosphate supplied was greater than 95% as assayed by thin

layer chromatography (Gelmand ITLCQSS!Ei) with butanol as a solvent for

determination of unbound pertechnetate and 0.9% sodium chloride as
another solvent system for determination of insoluble radiocolloid.

2. gngc Methylene Diphosphonate

Al gngc methylene disphosphonate used in this investigation
was prepared in kit form according to the following protocol using
chemicals and reagents of A.C.S. or analytical grade quality: To make
100 kits: _

CHEMICAL : AMOUNT
Methylene Diphosonic Acid (Sigma® Chemical Company) 1.0g
Ascorbic Acid Injection (Hinihrgp) , 166 mg
Stannous Chloride Dihydrate (Mallinckrodt Chemical Works) 100 mg
IN HC) (Anachemia Chemicals Ltd.) o 4 m
IN NaOH (Anachemia Chemicafls Ltd.) ~as required o

Sterile Water for Injection USP (Baxter Labara%gries of ' Q.s.

Canada Ltd.)

El
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The methylene diphosphonic acid and ascorbic acid injection USP
were dissolved in 50 m] sterile water for injection USP. The stannous
chloride dihydrate was dissolved in 4 ml of IN HC1 and was added
dropwise with stirring through a 0.22 um Hi?iiﬁanQ§ filter to the
methylene disphosphonic acid solution. This solution was then stirred
for another five minutes. The pH was adjusted to 6.2 with IN NaOH. A
sufficient volume of sterile water for injection was added to make a .
final volume of 100 mi. One m} portions were then dispensed Shrough a
sterile 0.22um Hii]iporeQ® filter into sterile, séa1ed vials. The kits
were then immediately frozen and stored at -4°C. When required, the
pertechnetate. Sterility tests were conducted on these kits'by the
Department of Bacteriolggy, University of Alberta Hospital, Edmonton,
Alberta.

The technetium-99m used to label these kits was obtained from
9QI'IQ;QQW'T(: radionuclide generators (New England Nuclear, Boston, Mass.,
U.S.A.) supplied to the Edmonton Radiopharmaceutical Centre.
\Radiochemical purity assay of the final radiopharmaceutical consisted of
chromatography on Gelman ® ITLC S.G. with n-butanol for determination of
;nbaund pertechnetate and with normal saline for determination of ;
insoluble radiocolloid. The chromatograms were developed for 10 cm and
then analyzed on a chromatogram strip scanner. The radiochemical purity
was routinely greater than 95% and the radiopharmaceutical was prepared
just prior to 1njectio%;

3. Macroaggregated Human Serum Albumin .

Macroaggregated human serum albumin was made according to the

following formulation:



CHEMICAL ~ AMOUNT

Human Serum Albumin (25% w/v) ,(Connaught Medical

Research Laboratories) ' - 0.8 ml
Sodium Acetate (Fisher Scientific Company) 2.0 g

Sterile Water Fcrilnjectian USP (Baxter Laboratories
of Canada Ltd.) - 100 ml

The sodium acetate was dissolved in sterile water for injection “
(10 m1) gna to this was added 0.8 m1 of human serum albumin. This
solution was then passed through a 0.22 um Hi']‘lipﬂré@fi]ter into a
sterile 125 ml vial containing a magnetic stirring bar. Sterile water
for injection (19 m1) was also added into the vial which was then placed
into a hot water bath at 77°C on a combination hot p]éteémagnetic
stirrer (Cole-Parmer Model No. 4817) equipped with an external
temperature pr@béi The temperature was maintained after it dropped to
72°C.  The contents of the vial were continously stirred until the
Tiquid turned milky in appearance indicating the formation of
macroaggregates (approximately 90 minutes). ,The vial was allowed to
coel to room temperature and then centrifuged at 2400 rpm for 10 minutes
on a Damon/IEC vaision model CU-5000 centrifuge after which the
supernatant was carefully withdrawn through a 4 inch long spinal needle
into a 5 ml syringe. Particle size was assayed microscopically on a
hemocytometer grid and found to be as follows: over 90% were in the
range of 10-50 microns and no particles were over 100 microns. This
preparation was carried out under aseptic conditions and the final
suspension of ajbumin macroaggregate adjusted to contain about 1 x
107 particles per ml was supplied to the medical bacteriology laboratory

to act as a medium for the inoculating bacteria.



4. Ic_Labeled White Blood Cells

-The following procedure was used for labelling rabbit white
blood cells with ggliTc: A0 m sample of blood was collected from a
rabbit into a heparinized sterile syringe by cardiac puncture and
transferred to a sterile siliconized wacutainer containing 500 unité of
sodium heparin. One-half ml (20 mCi/ml) of technetium-99m sulphur
colloid, supplied by the Department of ﬂuciear Medicine, Cross Cancer
Institute, Edmonton, Alberta, was added‘ta the tube with mixing followed
by incubation for 30 minutes at 25°C on a rotator. The tube was then
centrifuged at 1400 rpm for 10 minutes and the plasma was removed using
an 18 G, 3 1/2 inch sterile spinal needle and a 20 ml sterile syringe.
The cells were then resuspended in a 1:1 mixture of sterile saline for
injection: ACD solution and then centrifuged at 1400 rpm for 20 7
minutes. The 5upernatant'was withdrawn using a spinal needle and the
cells were resuspended in 3 ml saline for injection. The labelled blood
cells were transferred to another sterile vacutainer thr%ugh a 100 ym
sterile filter to remove any clotted partiélesi The final suspension Qfx
blood was assayed in an isotope doée calibrator and 3.0 ml containing
500 uCi was reinjected into the animal via an ear vein. The rébbit was
then imaged three hours post-injection on the Nuclear Chicago Pho/Gamma
IT] gamma camera. x

5. Gallium-67 Citrate Distribution Study
The Department of Nuclear Medicine, Cross Cancer Institute

supplied 1.0 mCi of gallium-67 citrate for a tissue distribution s tudy
on an osteomyelitis-positive rabbit. The gallium citraté was injected
in a volume of 0.3 ml via a marginal ear vein. Forty-eight hours

post-injection the animal was sacrificed and a series of tissue samples
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a
including: whole blood, plasma, lymph, spleen, kidney, adrenal, normal

thigh tissue, muscle peripheral to diseased bone, contents of control
tibia, diseased bone marrow (no pus), diseased bone pus, bone mineral
from control leg, bone joint of control leg, bone mineral from diseased
leg, small intestine, liver, total monocyte sample from whole blood, and
red and white blood cells from whole blood samples were collected and
‘assayed for radioactivity on a Searle model 1195 gamma spectrometer.
6. '8F1uorine
18F1ucrine as NaiSF was provided for this experiment by D?.
L.I. Wiebe of the Division of Bionucleonics and Radiopharmacy, facuTty
of Pharmacy and Pharmaceutical Sciences, University of Alberta. The 18?
was produced in the Slowpoke nuclear reactor by irradiating 20 mg of 6Li
(LiNQB) in solution for 2 hours in the neutron flux to form the
following reaction:
SLi (n,a)%m.
The 3H produced by the above nuclear reaction then underwent a recoil
reaction (2.7 MeV) in the following manner:
TSD (3H, n) 18F,
The solution éas boiled to dryness, then redissolved in water, and this
procedure repeated twi;e again to remove anyABH’ccntamination_
An osteomyelitis-positive rabbit was anesthetized with sodium

pentobarbital (2.5 mg/kg) i.p. and IﬁanaT‘GDVEt (0.1 mi/kg) i.m. The
anesthetized animal was then injected with 53 y Ci of 18F in a volume
of 4.7 ml via a marginal ear vein, positioned under the Nuclear Chicago
Pho/Gamma 111 gamma camera and Positron 111 head for a series of

bone scans at various time intervals.
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0. RADIOLOGY ‘

The radiograms were made using a Faxitron ®804 X-ray unit, Picker
X-ray cassettes, and Cronexq;aﬁd Cronexibz Dé Medical X-Ray Film (10 x
12 inches). A special rabbit holding-beard was constructed of pegboard,
wooden pegs, elastic bands, Ve1§ro®strips, and Piexig1ass®1‘n order
to hold the rabbits motionless under the X-ray tube in the proper
position so that the tibiofibula complex was fully_visible in the
roéntgenograms. With this arrangement it was possible to duplicate the
positioning of each animal. The X-ray unit was modified so that the
X-ray tube could be energized by remote control with the door in the
open position thus allowing the rabbits' hind legs and X-ray cassette to
be placed directly under the X-ray tube. The loaded cassette was placed
on the holding-board and then the rabbit was anesthetized with Nembutal
Sodium (2.5 mg/kg) i.p. and InnovarQ§ Vet (0.08 mg/kg) and placed on the
cassette with its hind legs properly positioned. Because the cassette
was &irect]y below the animal, no shadows from the holding-board
appeared on the radiogram. A one-second exposure was made at 46 kvp.
This was the shortest exposure time possible on this equipment. No
filters were required between the X-ray tube and the animals. .

Roentgenograms of the rabbits were made prior to inoculation with the

Lbacteria (to serve as a control), immediately following the inoculation
procedure (to check for bone trauma), and on a reqgular basis thereafter
(to follow the progression of the disease state). At the ené of an
experiment, these radiograms were independently evaluated by practisin%
radia]ogiéts at the Departmert of Nuclear Medicine, at the Cross Cancer
Institute, Edmonton, A?bé}tai The rabbit identification number and date

on each film was identified only by a random code number. Each leg on



the radiogram was evaluated acéarding to the following criteria: (1)
normal or abnormal and (2) 1f abnormal, was the difference a result of
(a) trauma or (b) ostemyelitis? The completed evaluation forms were
decoded and the raw data was charted on a time scale to indicate the

time of onset of observed bone changes.

E. BONE SCANS

-

Immediately following X-ray, each rabbit was injected intravenously

with 700 uCi of bone scanning agent (either pyrophosphate or methylene ~

diphosphonate) labelled with technetium-99m in a total volume of 0.1 to
0.2 ml. After an appropriate waiting period (three hours for |
_pyrophosphate and two hours for methylene diphosphonate), the rabbits
were anesthetized and placed in the same position as used for X-ray on
tﬁe animal holding board. A Nuclear Chicago Pho/Gamma III gamma camera
and Polaroid film Type 667 were used to record all bone scans of the
rabbits' hind 1limbs. Routinely 300,000 counts were accumuzfted for each
view. Each bone scan was coded in exactly the same manner as the
radiographs and was independently evaluated as normal or abnormal by the

same group of radiologists.

F. INVESTIGATIONAL PROCEDURES

1. Dynamig Uptake Studies
- In this experiment the levels of radioactivity in the-blaéd.
infected leg, and control leg of each animal were monitored by a
multiprobe system coupled to a mu?tichanne]ianaly;er immediately
following th intravenous injectipn of gngc-methyiene diphosphonate.

Matched Nal (T1) gamma scinti11aticn'detectar§ (19 mm diameter) were

o —————
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placed in 9 mm thick cylindrical lead co1limatérs with the detector face
withdrawn 25 mm into the lead collimator to 1imit the field of view of
each detector. Each detector was connected to an GFtEC®IﬁDd§] 485. 7
(Ortec Incorporated, Oak Ridge, Tennessee, U.S.A.) pulse height analyzer
and the inputs fed into a Nuclear Chicago ﬁ@dei 25601 (G.D. Searle, Des
Plaines, I11inois, U.S.A.) multichannel analyzer. Three such probes
were carefully matched-and calibrated to record the 140 Key emissiang
from Tc-99m.

Each rabbit was anesthetized with Nembutal Qband placed on a
specially 6onstructed platform with one probe placed under the proximal
end of the tibia of the right leg (infected leg), a;;ther probe under
the same area of the left leg (control leg), and another probe over the
right ear to measure blood levels of radioactivity. With the animal in
position, the background levels of radioactivity were recorded for about
30 seconds, the 0.1 m) of Tc-99m methylene diphosphonate (specific
activity 1.0 mCi/ml was injected via an ear vein (left ear) and the

r each detector were monitored continually

levels of radioactivity unde

up to two hours post-injectiony The output from each detector was

]

Penn., U.S.A.) series Franklin Electronics Series 1200 Hi-Speed Parallel
Printer, modé1 4428(60 seconds per channel), on an X-Y. plot recorder,
and on punched tape for further analysis. | .
2. Radio-activity Uptake Studies
In an attempt to quantitatively assess the uptake of Tc-99m -
methyléne diphosphonate in the infected énd control leg, a series of

experiments was undertaken using a specially constructed single probe

counting apparatus. ;
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In this study, one 50 mm diameter Nal (T]i scintillation
crystal was placed within a 10 mm thick cylindrical lead collimator
with its detector face withdrawn a distance of 25 mm from the open end
of the collimator. - This assembly was themn placed under a specially
constructed small table provided with an overlyfng 2 mm lead shield with
the crystal surface facing upward through a hole drilled through the
table top and shield. The output from the crystal and preamplifier was
fed to a BNC PortanimQDnmdel AP-2 bin, an CanberraQDrﬂgh voltage
55wer supply model 3002, am 0rtec®model 486 [m‘s‘e height analyzer.

The raﬁgits were injected intravenously with 0.1 m) of Tc-99m

MDP (specific activity 800 uCi / m1) and under sodium pentobarbital

anesthesia, the rabbit was carefully placed on the shielded table top so
that the proximal end of the tibia was across the face of the collimated
detector. Triplicate one-minute counts at 30 and 60 minutes following

Tc-99m MDP injection were made of the control and infected legs.
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During the course of this investigation it became evident that a
realistic animal model was necessary to evaluate the efficacy of bone
scintigraphy versus roentgenology for early detection of osteomyelitis.
Excessive bone trauma during injection would either be visible on X-ray
or show as a positive bone scintiscan. A large amount of sclerosing
agent would change interior bone architecture and complicate the
interpretation of radiagrams.- Induction of a localized bone infection
required a virulent bacterial strain in that species and only sufficient
numbers of bacteria to cause infection without producing general sepsis.

The following sections indicate the experiments that were done to

evaluate various methods of inducing osteomyelitis in animals.

A. DEVELOPMENT OF AN ANIMAL OSTEMYELITIS MODEL
1. Rabbit Model for Osteomyelitis

Preliminary investigation using procedures-as outlined by
Norden (No70) indicated that induction of osteomyelitis in rabbits could
not be readily duplicated in this laboratory without some modification.
By varying both the number of bacteria, and volume of sclerosing agent
injected, it became apparent that three factors were of major importance
in producing osteomyelitis in the rabbit: (1) use of a particular
strain of Staphylococcus aureus that was virulent in the species, (2)
use of a sclerosing agent, and (3) utilization of young rabbits whose
bone is sufficiently soft to aT]ow‘}enetratign of a hypodermic needle
into the medullary cavity of the tibia without causing excessive trauma.

After several unsuccessful attempts using different strains of

osteomyelitis, it was finally found that the laboratory strain phage

——



type 47 obtained from the Departmentfdof Medical Bacteriology, Faculty of
Medicine, University of Alberta, Edmonton, Alberta could produce the
desired disease process. Further experiments showed that 0.1 ml of

bacterial suspension could be used a¢tim§11y if the assay of

colony-forming units ranged between 2 x TDS'tQ 9 x IDIQ per ml.

The total injection volume was restricted in the small rabbit
because volumes larger than 0.3 ml introduced into the medullary cavity
of the tibia were found to produce an infection in the entire cavity
rather than being localized at the injection site. It was also
determined that the bacteria must be injected directly into the
medullary cavity of the bone and also that sodium morrhuate must be .

injected into the cavity at the time of innoculation for the infection

9

to occur. While the injection of bacteria in the range of about 7 x 10
colony-forming units was adequate to induce the infection, if the
inoculating suspension was of a higher assayed concentration, bacteria
would be found upon post-mortem examin%tian not only in the bones but
also in the liver, gall b]adder, and bloodstream as well. The difficult
problem of seiecﬁing a strain of bacteria which is virulent in the
rabbit and would produce osteomyelitis without sepsis was also noted by
other investigators (Fe77). In the young rabbit, a 20 gauge needle can
readily be inserted through the tibia into the medullary canal.

Heavier, 16 gauge needles were tried but these left puncture holes which
could be visible on radiographs and occasionally produced positive bone
" scintiscans.

It was found through trial and error that a suspension of

not produce a bone .infection. Osteomyelitis occurred only if sodium
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morrhuate was also introduce along with the bacteria. The sodium
morrhuate in the medullary cavit effectively occluded the blood vessels
entering and leaving the medullary Igace and so produced a closed
environment which presented thé bacteria with the necessary requirements
to establish itself. Furthermore, restriction of the blood circulation
in the region of the sodium morrhuate injection site :Duid prevent
leukocyte migration to the site of infection.

2. Controls

Interpretation of the radiographs was complicated by the

uncertain effects which were produced by the sclerosing agent and even
by the trauma of injection on the appearance of the radiographs. To
facilitate evaluation of the radiographs, a series of controls were
prepared in the following manner: in three rabbits, only the right
tibia was injected with 0.1 ml of sodium morrhuate and 0.05 ml saline
while leaving the left leg intact for comparison. Radiographs and bone
scans were then performed daily for two weeks. These seéved as controls
for the effects of sclerosing agent only. In another three rabbits, the
right tibia was injected with 0.1 ml of sodium morrhuate and 0.05 m)
saline and the left injected with 0.15 ml of saline only. Daily
roentgenographs and bone scans were performed to monitor the effects of
sclerosing agent, saline, and thé trauma gf the inoculating procedures.
This series of radiograms and scans were made available to the
radiologists as references for evaluating the experimental radiographs
and bone scintiscans.

During the course of the experiments, the control leg was routinely

injected in the identical manner with the omission of the bacteria.



Therefore, both Timbs were exposed to the same injection trauma,
sclerosing agent, and saline.
3. Ostenﬁyelitis Model Using Bacterially Impregnated
Macroaggregated Human Serum Albumin

In an effort to reduce the artefacts on the roentgenographs
due to the sclerosing agent, an attempt was made to modify the induction
process of osteomyelitis By using macroaggregated human serum albumin as
a medium for bacterial g;gwth and injecting bacteria aé a suspension
within the macroaggregate a1@ngruith reduced quantities of sodium
morrhuate. The prepared a]bumi; macroaggregates were supplied to the
Department of Medical Bacteriology, Faculty of Medicine, University of
Alberta, Edmonton according to the formulation and volume previously
described. Normally, as an integral part of the formulation stannous
chloride is included to.act as a reducing agent to enable the
macroaggregated albumin to be labelled with technetium-99m. However,
the tin was excluded from this preparation to avoid any potential
.influence on the growth of bacteria in this medium.

The inoculating bacteria were grown in a medium consisting of
2.0 ml of the suspension of the macroaggregate (1 x 107 particles / ml)
and 2.0 m1 of nutrient broth. The Staphylococcus aureus grew ‘
successfully in this medium but did not reproduce sufficiently to reach
as high a final assay concentration as did’the same inoculating volume

8 ys 2 x 10° colony forming units/ml).

in neat nutrient broth (8.5 x 10
The suspension containing the macroaggregates and nutrient broth was
then injected into the right tibia of the animals along with varying

volumes (Fanging from none to 0.1ml) of sodium morrhuate.



For comparison of this bacterial media a second inoculating
suspension of bacteria was prepared in the usual way, f.e.: grown in
nutrient broth, washed, resuspended in normal saline, assayed. and
adjusted to bacterial number;

Table 3 indicates the production of ostemyelitis by these two
procedures.

The four rabbits which were inocculated with the customary
bacterial suspension all developed osteomyelitis as evidenced by
radiagraﬁhy and gamma scintigraphy. However, the four rabbits
inoculated with the bacterial suspension containing the macroaggregates
demonstrated that the disease state could be induced using lesser
amounts of sclerosing agent, but that injection of the bacterial
impregnated macroaggregates alone would not cause an infection.
Preliminary work on this project indicated that a sclerosing agent was
necessary to induce osteomyelitis. This protocol showed thathQwer :
volumes of sodium morrhuate were sufficient to produce the model but
that some sclerosing agent was necessary. This experiment suggested
that the vascular network of the tibia in an impairéd state is less
capable of resisting infection than in its normal state. The depositién
of as small a volume as 0.03 m1 of sodium morrhuate within the medullary
cavity was sufficient to alter the vascular network of the bone,
enabling the bacteria to successfully invade the bone.

This phenomenon can be explained if consideration is given to
the anatomical structure of the rabbit tibia. It has been shown that

the afferent nutrient capillaries of the epiphyseal growth te change

direction abruptly and enter the venous network of the medlGllary cavity

via a complex of large sinusoidal veins characterized by sluggish blood
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9 TABLE 3
OSTEOMYELITIS POSITIVE RABBITS
EXPERIMENTAL LEG EVALUATED POSITIVE
EITHER BY SCAN OR RADIOGRAPHY AND
DAY EVALUATED AS POSITIVE

RABBIT NO. RT. LE6 DAY AFTER INOCULATION*

' SCAN X-RAY
3 0.10 m1 NaMorr + RT - Never RT - Day 6
0.10 ml ISA LT - Never LT - Never
0.05 m) SNS
4 0.10 m1 NaMorr + RT - Day 3 RT - Day 0
0.10 m1 ISA LT - Never LT ~ Day 2
0.05 m1 SNS
5 0.10 m1 NaMorr + RT - Day 4 RT - Day 3
0.10 m1 ISA LT - Day 9 LT - Day 3
0.05 ml SNS only
6 0.10 m1 NaMorr + RT - Never - RT - Day 3
0.10 m1 ISA LT - Never LT - Day 3
0.05 m1 SNS '
7 0.10 m1 NaMorr +  RT - Day 9 RT - Day 6
0.10 m1 ISB LT - Never LT - Day 7
0.05 m1 SNS
8 0.05 m1 NaMorr + RT - Never RT - Day 3
0.10 m1 ISB LT - Never LT - Never
0.10 m1 SNS '
‘9 0.03 m1 NaMorr + RT - Never RT - Day 3
0.10 ml ISM LT - Never LT - Day 9
0.12 m1 SNS
10 No NaMorr - RT - Day 4 RT - Never
0.10 m1 ISB ' only LT - Never
0.15 ml SNS LT - Never
NaMorr = sodium morrhuate , N L

ISA = Inoculating Suspension of Bacteria only
(2 x 10° colony-forming unit/m1)

ISB = Inoculating Suspension of MAA and Bacteria ~
(8.5 x 108 colony-forming unit/m1)
SNS = sgerile normal saline

*

animals observed by scintigraphy and radiography up to 14 days
after inoculation
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flow (Wa70). Hematogenous infection of this aspect of the bone has

- been shown to occur 8asily in young rabbits (Wo70). The metaphysis

does not seem to have the ability to defend itself against infection.
This can be explained by several factors. The cells lining the
capillary to the metaphysis lack phagocytic ability and while the
efferent loop possesses such cells, they are inactive (Wo70).
Furthéﬁhﬁre. because the ascending loop of the capillary is of a

single structure and possesses a diameter of approximately eight
microns and the descending portions are often multiple and usually
possess diameters of fifteen to sixty microns, the descending loop
blood flow is characteristically torpid (Br59). Moreover, in the
region of the epiphyseal growth plate, the capillary loops are
nonanastomosing and so aﬁy occulsion caused by such objects as

bacteria or macroaggregates would produce a locus of avascular

necrosis (Mo59). The predisposing situation presented by these

factors for the disease process is enhanced further if the milieu is
modified by the deposition of sclerosing agent within the medullary
cavity. At least part of the vascular network servicing the bone would
be occluded, thereby decreasing the normal defence mechanism of
mobilizing leukocytes at the site of infection and so favoring the
virulent bacteria inside the bone withran environment more suitable for
reproduction. This occlusion would produce a decreased rate of blood

flow through the bone enabling the fixation of bacteria to the walls of

Bacteria present in a vascular bundle within the bone
characterized by a restricted flow rate could more readily lodge in

situations where capillaries change directions or in nonanastomosing
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single structure capillaries. If so 1gdged? even a single bacterium
could potentially replicate and produce a focus of infection.
4. Cat Mode) for Osteomyelitis

Pa;t mortem examination of the osteomyelitié-positive rabbits
revealed that the infected tibiae were filled with an almost solid,
cheeselike pus. This condition contrasts with the human disease state
in which the pus is less viscous. Consultation with the resident
vetérinarians of the Department of Histopathology, Veterinary Services
Division, Alberta Agriculture, Edmonton led to the suggestion that cats
should be tested as an alternate to the rabbit model because past
clinical observations of bone pus in that species were of a lower
viscosity. Two female cats of approximately five months of age were
inoculated with bacteria and sclerosis agent in a manner identical to
that used for rabbits. However, observations over three weeks by
radiograph and bone scan failed tq indicate any signs of osteomyelitis.
It was cnnc1udéd‘that this strain of Staphylococcus was not virulent in
cats and no further attempt was made to pursue this model.

5. Alternate Rabbit Model for Ostemyelitis

In a series ngpre1iminary experiments, an attempt was made to
establish afrabbit oSteaﬁye1itis model which would avoid the trauma of
bone punctu@e at the injection site. The hind limbs of three rabbits
were surgically prepared and under pentobarbital (3 mg/kg i.p.) and
ether anesthesia a straight incision about two inches long was made from
the metaphysis along the diaphysis on the inner aspect of the tibia.
Under?j}ng fat and muscle were carefully separated and a hole was
drilled midshaft using a hand drill and a sterile 1 mm diameter bit. A

sterile cannula was inserted through the hole and the tip advanced into
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the proximal metaphysis of the tibia and the other end left buried
under the skin. The incision was closed with running 3-0 -chromic
catgut sutures. The rationale behind this approach was that’
following healing from this surgery, a bacterial suspension and
metaphysis without the accompanying trauma of bone puncture.
Unfortunately, the bone scintiscans showed that the area of the
drilled hole at midshaft was consistently positive from the time of
surgery until at least three months later. Since such a persistent
"hot" spot on the bone scan could interfere with a positive

osteomyelitis scan, this approach was abandoned.

B. HISTOPATHOLOGICAL EXAMINATIONS

Dr. R.J. Lewis, D.V.M., and Dr. G.R. Johnson, D.V.M., Head,
Histopathology, Veterinary Services Division, Alberta Agriculture, 0.S.
Longman Building, Edmonton, Alberta kindly performed the
histopathological examinations and reported on lesions found in the
rabbits used in these experiments. The rabbits were delivered alive to
the laboratory and were killed immediately prior to the post mortem
examination. Both the left and -right tibia were sectioned identically
and the lesions which were found in each rabbit were reported. The
lesions seen in the diseased tibiae of these rabbits were all similar.
The changes seen were summarized as follows: The area beneath the
epiphyseal plate had undergone a severe necrotizing reaction. The
predominate change was lysis of bone. These areas vanecrosis weré
surrounded by fibrous tissue proliferation. The pe}iphery of these

lesions was marked by large numbers of heterophils. The fibrous tissue
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extended into the epiphysis and usually obliterated the epiphyseal
cartilage. A generalized description of the lesions was that of a
large area of heterophile and necrotic debris mixed with large
bacterial colonies and lyzed portions of bone trabeculae.

_A]] rabbits were reparted to be in good body condition and
only four rabbits were reported with pathological lesions in the
viscera. These pathological abnormalities were described as follows:
(1) One rabbit was reported with a hepatic microabscess, (2) Two rabbits
large areas of coagulation necrosis with focal hemorrhages and
exudations of heterophils. Bile duct proliferation was present in the
infected portal triads along with a hea;y layer of immature fibroblastic.-
with large aggregations of lymphocytes and plasma cells beneath the
pelvic epithelium and was well walled off by immature fibrous tissue in
the renal papilla. One large area of coagulation necrosis was visible
in this portion of kidney. The upper tunicia propria of the bladder
wall demonstrated focal epithelial sloughing and heavy lymphocytic and
plasma cell exudation.

Bacteriological samples were taken from EEEP leg to confirm that
Staphylococcus aureus was the causative microorganism and to confirm
that the osteomyelitis was not due to a secondary infection caused by
some other pathogenic argénism! These samples were phage-typed by
Dr. A.W. Jackson, Chief, Reference Service, Bureau of Bacteriological

Diseases, Canadian Staphylococcus Phage Typing Reference Centre,

and Welfare Canada, Ottawa, Ontario. These tests confirmed that the



bacteria isolated was Staphylococcus aureus of the same phage type
(phage type 47) as that originally used to inoculate the experimental
tibiae of the rabbits. No other phage type or pathological organism
could be isolated from these animals upon,post mortem examination.
Based upon the various approaches to establishment of an
asteeﬁjeiitis animal model it was found that the rabbit model injected

= o=

with sclerosing agent and bacteria was the most successful procedure.
4
C. COMPARISON OF SCINTIGRAPHIC AND RADIOGRAPHIC METHODS FOR DETECTION
OF OSTEOMYELITIS
The radiologists and nuclear medicine physicians of the Cross
iCénCE? Institute, Edmonton, Alberta kindly examined and interpreted t
five series of animal radiographs and scintiscans presented to them ig a

double blind technidﬁei The scans and X-rays supplied to them had all

identifying information obliterated except the random code number so
that they could not identify from the coded radiograph or scintiscan
which animal or which day of the experiment théy were evaluajing. The
evaluated data was then decoded, assembled, and presented in Figures I,
IT, III, IV, and V. 4

The majority of the individual evaluations required the
radiologists to-declare whether the radiographs were negative or
positive for trauma or osteomyelitis and the scintigraphs normal ¢r
abnormal. A symmetrical scintiscan was regarded as normal while
asymmetrical uptake of the bone-seeking radiopharmaceutical was
evaluated as abnormal. In the event of a no-majority decision, the data
was again evaluated by the physicians and a decision was reached by

debate.



A series of fiie experiments was performed to evaluate this
rabbit model for osteomyelitis by comparing radiographic andi
scintigraphic methods. These five experiments and the preiiﬁlnary
work preceding them make up the major part of this thesis project.
Different strains of Staphylococcus aureus in different
concentrations were tested and evaluated as well as different types
and sizes of Qggéles used ia introduce the inoculating suspension
inte the medullary cavity of the rabbit tibia. Preliminary work
included the use of several small gréups of rabbits to ensure this
minimum of bone tfa?mai Undesirable excessive physical insult
associated with improper insertian 9f the inoculating needle could
paténtiaiTy obscure the early, minute signs characteristic of
us%eamye1itis and perhaps prejudice the interpreting physicians'
evaluation of each radiograph.

A1l the radiographs done in the preliminary experiments ana in
experimental series 1 and 2 were produced at The Surgical Medical N
Research Institugei University of Alberta, Edmonton, Alberta where
difficulties existed in Dbtaiﬁing good quality radiographs of the ]imbs
_of an animal as small as a young rabbiti While careful evaluation of
=ai1uthe results to this point in the series of experiments led to the
conclusion that the bone scan was far superior to the :adiagraph in
detecting g;;eomyeiitis. the auth@r was not satisfied that this finding
was entirely objective. The exﬁerimeﬁts were, therefore, repeated with
improved radiographic quality. x -

For the purposes of these experiments, a radiograph was declared to
be positive for osteomyelitis if a majority Q?égﬁysicians evaluéting the

2
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present. SimiIariy; a scintiphoto was evaluated to be abnormal if
asymmetrical uptake of bone-seeking radiopharmaceutical was seen in the
tibiae. For the purposes of aﬁaiysis of this data, a bone was
declared positive for asteemyeiitis if radiological concensus was
. that the radiographs of any given rabbit showed signs indicative of
the disease process on two consecutive days or 1f iﬁe scintiphotos of
the animal were judged to show asymmetrical uptake for two
consecutive days. One of the radia1ogistg at the Cross Cancer
Institute who evaluated all of the rabbit roentgenographs séated “the
typical rabbit osteomyelitis jis characterized by lytic lesions
without much proliferative bone formation". i

In all five experiments control radiographs and scintiscans of all
an%ﬁa]s were obtained the day before inoculation and in all cases Eﬁe
radiographs and scintiscans were evaluated as normal.

Experiment 1 (Figure I).is the first experiment of this series.
" These radiographs were kind?y‘prgdUCEd by The Surgical Medical Research
Institute, University of Alberta, Edmonton but the quality of these -
radiographs was such that the inoculation site, minute anatomical ?
. structures such as the foramina of the bone, and subtle changes
indicative of osteomyelitis such as the elevation of the periosteum off
the surface of the bone were not visualized. Abnormal scintigraphic
findings preceded radiographic changes indicative of osteomyelitis in
rabbits 1, 3 and 6 by two days and in rabbits 2 and 7 by 4 days. |
Rabbits WS did not develop osteomyelitis as defined earlier and
rabbit 8 die¥ on day 3 before any changes were seen. Observed changes

occurred only in the right tibiae because the left bone was not used as
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a control - the left tibiae were not subjected to any manipulation or
trauma in that a needle was never introduced into the medullary
cavity of the left bone to simulate anjy?:ggit to the tissue which
might occur in the right bone upon inoculation. '

Experiment 2 (Figure II) incorporated the use of the left tibia as
a control bone and the right tibia as the experimental bone. Rabbit 1

showed, perhaps, the most clear-cut differences between radiographic and

osteomyelitis. Photographic plates 1 and 2 illustrate the radiographic
and corresponding scintigram of the hematogenous lesion while
pﬁatographiﬁ plates 3 and 4 illustrate a typical fadiograph and
scintigram seen in a well established case of osteomyelitis following
inoculation. The arrows indicate the affected site. The scan findings
here preceded the radiographic signs by seven days (day 12 Qé day 19)
while the right tibia did not develop osteomyelitis.

In all these experiments the protocol was followed for more than J4
days but this was the only lesion that became positive as evaluated by
either dfaénastic mode beyond 14 da}s after inoculation. Rabbits 2 and
4 did ﬁat develop the signs of disease during the period of observation.
Rabbit 3 showed signs of osteomyelitis on the radiograph and an abnormal
scintiscan simu]taﬁeou§1y on day 11 after inoculation. Rabbit 5 showed
signs of disease by scan and radiograph both on day 4. Rabbits 6 and 7
showed scintigraphic changes in day 4 and radiographically on day 6.
Rabbit 8 showed scan changes preceding radiographic signs by six days
(day 5 vs day 11).

In this series of animals, four rabbits showed that the scan

detected osteemyelitis before the radiograph. 7Two animals demonstrated
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!Phatagraphic plate 2:

Scintigram (Tc-99m-MDP) of hind limbs of
a ragbit with hematogenous osteomyelitis.

. (Corresponding to Radiograph plate 1.)
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Photographic plate 4. Scintigram (Tc-99m-MDP) of hind limbs of
a rabbit with advanced osteomyelytic lesions.
(Corresponding to Radiographic plate 3.)
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simultaneous changes-and two animals apparently did not contract the
disease. Rabbit 1 demonstrated an extreﬁe1y rare finding - a
hematQQEﬂaﬁs site of osteomyelitis, which according to reported
Titerature (Wi27, Sc41) is so extremely rare as ﬁQt-tO represent a
viable gxperimental method. The left tibiae in experiment 2 and all
subsequent experiments were used as control bones in that saline and
sodium morrhuate were injected into the medullary cavity of these bones
to simylate the experimental procedure in the right tibiae.

In experiments 1 and 2, no histopathological examinations were
performed on the animals after termination of the experiments because
the quality of the radiographs was such that only gross changes of bone
architecture dye }D disease could be seen. Alterations of the structure
of the tibiae appéared S0 gross as the disease took its course that

pathological examinations were not conducted. After evaluation of the

cumulative results of the preliminary data and experiments 1 and 2, a
gecisicn was made to modify existiﬁg radiographic equipment in The
Division of Bionucleonics and Radiopharmacy, Faculty of Pharmacy,

" University of Alberta, Edmonton and develop new techniques to produce
high quality roentgenographs to match the quality of
clinically-produced radiographs. Further series of experiments wefe
conducted and satisfactory radicgraphs were produced using the
modified equipment and newly developed techniques. Moreover,
histopathological examinations were performed on all animals in
experiments 3, 4 and 5 to determine more precisely the physical
condition of the experimental animals upon termination of the

experiments. These histopathological reports were used as the



A
ultimate standard as to the actual cenditian of these animals and to

which the radiological and scintigraphic data were compared.

CR N

A false-positive evaluation is a diagnosis incorrectly
interpreted as being positive for osteomyelitis, in these
experiments,ﬁnhen histepathu1ogicai results are negative for signs of
the disease. A false-negative evaluation is a judgement incorrectly
interpreted as negative for signs of the disease when
histopathological results are positive. A true-positive evaluation
is one in which the interpretation is positive for signs of disease
and the histapathclogicai results are also positive. A true-negative
evaluation is one in which the interpretation is negative for signs

of osteomyelitis and the histopathological results are also negative,

: ; R
Experiment 3 el

~ Rabbits 1, 2, 3, and 4 showed radiographic changes of osteomyelitis
(Figure II1) while the corresponding scintiscans showed no such
abnormalities. Rabbit 4 demonstrated an interesting phenomenon in that
“the radiogréphic evaluations changed back and forth from trauma to
disease from day 1 to day 8 and then for the rest of the experiment was
judged to be normal in appearance. This phenomenon probably i11u§£rates’
that the evaluations of whether they are due to trauma or disease are ’
very subjective. The scan findings of rabbit 5 were judged to be
abnormal on day 1 while the radiographic changes characteristic of
‘osteomyelitis were noted on day 4. The Sgne scan of rabbit 6 was
evaluated as abnormal on day 2 while the radiograph was said to be
positive for osteomyelitis on day 4. The bone scan and radiograph of

rabbit ijere Judged to be characteristic for osteomyelitis
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simultaneously dn day 1 after inoculation and that of rabbit 8 were
also simultaneously characteristic of the disease process on day 2.
Histopathological examinations of the rabbits confirmed osteomyelitis
in the right limbs of all animals except that of rabbit 3 which was
found to be nérma]i Samples taken froin rabbit 7 were cultured and
confirmed to contain Staphylococcus dureus. In summary, seven of the
eight rabbits were confirmed to have osteomyelitis by
histopathological standards. Two of these were detected
simultaneously by bone scan and Fédiographic technique. Three
rabbits demonstrated changes by radiographic techniques and not
scintigraphic procedures. Scintiscans showed false-negative positive
results by radiographic interpretation while scintigraphic methods
produced true-negative findings as confirmed by tissue examination.

Experiment 4

Radiographic data for rabbit ] first showed signs of osteomyelitis
on day 3 but the first two such consecutive findings occurred on days 7
and 8 when both tibiae showéd signs which the radiaiogists igterpreted
as positive (Figure IV). The scintiscan of the right tibia was not
interpreted as abnormal during th%s experiment while that of the left
tibia was positive only on day 1; soon after the traumatic effects of
“Moculation. |

The radiographic findings for the Teft tibia of rabbit 2 showed it
to be positive for osteomyelitis on day 6 while the right leg was judged
positive on day 10. The séintiscan of the right tibia was not judged
abnormal during the exgériment while the left was abnormal only on days

3 and 8.
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The scintigraphic findings for rabbit 3 were consistently normal
while radiographic results ;;r both tibiae were simultaneously
positive on day 3. Scintigraphic fesu{ts on rabbit 4 showed abnormal
uptake on days 0 and 1 in the left leg while showing positi¥e
radiographic signs of asteomye1{tis only on day 3 on which it died.

Radiographic evaluations were positive for osteomyelitis for rabbit
5 for the right leg from days 3 to 14 and the left leg from days 4 to
14. The scintiscan of the left leg was consistently reported as
negative while the right leg was reported as abnormal from days 4 to 14.

Radiographic evaluations for rabbit 6 showed that interpretations for
the left leg changed often from traumatic to osteomyelitis positive but
elﬁéd with seven consecutive evaluations of trauma while the right tibia
w;s judged to be positive for osteomyelitis as of day 6. Scintigraphic
findings were always reported as normal.

Scintigeaphic and radiographic data for the right tibia of rabbit 7
leg simultaneously as of day 8.

‘Radiagrapgic data for rabbit B showed the ?;ght and left tibiae to
be positive for osteomyelitis as of day 2 while the scintigraphic data
showed the left tibia to be consistently reported as normal while the
right tibia was reported as abnormal from days 4 to 14.

" The histopathological review of these animals was done at day 17 of
this experiment and a summary of this report is as follows: "The
lesions noted in the tibiae of all’ these rabbits are very similar. The
je?t tibfa of each rabbit #1-#8 demonstrates similar changes. There is
a severe necrotizing reaction immediately béneath the epiphyseal plate.

A large area of necrosis demonstrates numerous large bacterial colonies



e

consisting of cocci. Lysis of bone is a predominant feature and
surrounding these areas of necrosis there is a fibrous tissue
pr@]iferatian: Large number; of heterophils are present on the
peripheryﬂaf these lesyons. The fibrous tissue reaction extends {nta
the epiphysis and in most cases obliterates the epiphyseal carti]age.
Large areas of necrotic debris and heterophils are mixed with lyzed
portions of bony trabeculae and large bacterial colonies. A similar
necrotizing reaction is present in the right tibia of rabbits N, 43,
#4, #6, #7, and #8 there are a few bacterial colonies but not nearly
as prominant nor as large as in the left tibia of these rabbits. In
rabbits #2 and #5 no bacteria are present although there was a
moderate necrotizing reaction to the 1nﬁect1§?§“

In summary, radiographic results for rabbit 1 were 2 true positive
findings while scintigraphic evaluations produced 2 false negative
findings. ,

The roentgenographic results of rabbit 2 produced 1 true and 1 false
positive finding while radiographic metHods provided 1 false negative
and 1 true negative evaluation.

- Two true positive findings were obtained by radiographic methods on
rabbit 3 while scintigraphy provided 2 false negative results.

Radiography produced 1 false negative finding on rabbit 4 while
scintigraphy produced 1xtfue positive result.

One false positive and 1 true posifjve result were produced by

.radiographic evaluatic‘r@f rabbit 5 while 1 false positive and 1 false

negative resulted from scintigraphic methodology.
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Radiography provided 1 false negative and 1 true positive
f1nding on rabbit 6 while 2 false negative resulted from
scintigraphic analysis of the data available for_rabbit 6.

Radiography produced 2 true positive findings for rabbit 7 as*
did scintigraphy with the lesion in the right tibia being detected

| simultaneously by both methods while radiographic evaluation of

osteomyelitis in the left tibia pPreceded that by scintigraphy by 5 ddys.

Two true positive evaluations were produced by radiographic
evaluation in.rabbit 8 with 1 false negative and 1 true positive finding
by scintigraphic methods. The lesfon in the right leg was determined
simultaneously by both methods.

Experiment 5

Rabbits 1 and 2 of this experiment were controls which were
injected only with saline and sodium morrhuate but no bacteria. No
bacteria could be cultured from these animals and no lesions were
reported in the legs of these animals similar to those of any other
rabbits submitted for histopathological examination. "

~In this experiment the histopathological report was regarded as

representing the true physical condition of the an}mal and the
radiographic and scintigraphic evaluations were compared to the autopsy
report. A true negative result was one in which both the radiograph or
scintiphoto were evaluated as negative as well as the histopathological
report. A true positive result was a radiograph or scintigraph seen as
positive for the disease process as well as the tissue examination, A
false negative result was a roentgenograph or scintiscan judged to be
normal while the histopathological report stated presence of

osteomyelitis. A false positive evaluation was a radiograph or
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scintiimage judged to show signs of disease accompanied by a tissue
examination reported as being normal.’

Osteamyelitis in the right tibia was diagnosed radiographically
in rabbit 3 anizgy 6 (Figure V) and the left leg was consistently
evaluated as normal while the bone scans showed both legs to be
normal during therexperimenti The histopathological report was
abscess with fibrosis in the right tibia with no visible 1esiqn in
the left. Thus the radiographic method showed a true positive and a
true negative judgment while the scintiscan showed one true negative
and one false negative evaluation.

Radiographic data for rabbit 4 showed both tibiae to be positive as
of day 2. Scintigraphic data showed the left tibia to be normal while
the right tibia was judged to be abnormal from day 5. The
histopathological report for rabbit 4 was slight sclerosis in the left
tibia with a diaphyseal abscess and metaphyseal infarction in the right
bone. Radiography produced one true positive and one false positive
evaluation while scintigraphy produced one true negative and one true
positive.

:;The radiographic technique showed disease consistently in rabbit 5
from day 3 to 14 in both tibiae while the scintiscan showed disease only
in the right tibja and only from day 4 to 14. The autopsy of this
animal showed a large abscess containing bacteria in the right leg with
no sample available for the left. The radiographic methods showed one
‘true positive and scintigraphy one true positive result.

Radiographic data‘showed both tibiae of rabbit 6 positive from day
3 while scintigraphic data were always normal for both bones. The

tissue sampTes from rabbit 6 showed a large abscess in the left tibia
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and nondefinable results from the right bone. Thus radiographic

techniques produced one true positive while scintigraphic methods
S

" produced one false negative result.

Radiographic methods é%cued positive results in the right leg of
rabbit 7 from day 6 while scintigraphic methods showed pasiéive data
from day 9. The left leg was judged positive by roentgenographic
methods on day 7 while the bone scan always showed normal distribution
of ‘the radiotracer. The tissue samples from rabbit 7 showed abscess in
the right leg with only some sclerosis present in the left tibia.
Radiographic methodology produced one true positive and one false
positive result while scintigraphic techniques produced one true
positive and one true negative result.

‘The right tibia of rabbit § was evaluated by radiographic methods
to show signs of disease from day 7 with the left leg remaining normal
while the bone scans were evaluated consistently as normal except for
the right tibia on day 1 (saa? after the traumatic procedure of

inoculation). Histopathological results from rabbit 8 showed no lesion
in the right tibia with samples from the left tibia showing no signs of
active osteomyelitis. Radigéﬁgphic data showed one false positive and
one true négative while scintigraphic data showed two true negative
results. , P
Radiographic data from rabbit 9 showed the right tibia to be

positive from day 7 while the left bone was always interpreted as
‘normal. Scintigraphic data for both tibiae were always seen as normal.
Autopsy results showed no signs of osteomyelitis in either tibia.
Radiographic resd*ks showed on true negative and one false positive

Tesion. Scintigraphic results showed two true negative interpretations.



76
A1l scintigraphic data from rabbit 10 was judged to be negative.
The scintigraphic data was consistently evaluated as showing normal
uptake of radiotracer except for the single exception of the right tibia
on day 4. Histopathological results for rabbit 10 repérted slight
sclerosis of the ribht tibia with no visible lesion of the left bone.
Radiographic procedures produced two true negative results as did

scintigraphic methods.

D. ANALYSIS OF RADIOGRAPHIC AND SCINTIGRAPHIC DATA

For the purposes of analysis of thése 5 experiments the data were
divided into 2 groups - the first group composed of the déta from
experiments 1 apd 2 in which no histopathological data was available and
only gross anatomical changes could be seen because of the poorer
quality of the radiographs available and the second group comﬁosed of
the data from experiments 3, 4, and 5 in which histopatho1ogjca1 results
were available as well as good quality radiographs.

1. Analysis of Data from Experiments 1 and 2

The reduced data from experiments 1 and 2 is presented in

Tables 4 and 5. Column 1 presents the rabbit number; column 2 presents
the leg evaluated; column 3 presents the presence or absence of disease
as evaluated by radiographic ér scintigraphic interpretation; column 4
presents the diagnostic methodology which first showed positive signs
for osteomyelitis; and column 5 presents the number of days between
positive evaluation of indicative signs for osteomyelitis, if such a
difference exists. Eleven positive diagnoses for osteomyelitis were
obtained in 16 animals in experiments 1 and 2. Two of these diagnoses

were seen simultaneously by both radiography and scintigraphy while 9
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were first detected using scintigraphic methods. The number of days
between positjve evaluation of signs of osteomyelitis in these 9
animals ranged from 2 to 6 with a mean value of 3.4 days and a
standard deviation of 1.9 days.

Tables 6, 7, and 8 present the data obtained from experiments
3, 4, and 5 respectively in the same manner as in Tables 4 and 5. This
data from Tables 6, 7, and 8 is further rediced and presented in Table
9. Differences between group 1, the data assembled from experiments 1
and 2, and from group 2, the data from experiments 3, 4 and 5 are
notable.

In group’1, 11 positive evaluations for osteomyelitis were
obtained from 16 animals. The observed changes in bone structure were
gross enough to be detected Ey the poorer quality radiographs first
produced. Two of these 11 lesions were observed simultaneously by
scintigraphic and radiographic methods while the other 9 lesions were
all first detected by the scintigraphic method. Scintiscanning offers
an advantage over radiagréphic methods for successful diagnosis of early
signs positive for osteomyelitis. Similar results to these have been
reported in the literature where human clinical studies have been
presented in which scintiscanning methodology has been shows to precede
radiographic signs indicative of osteomyelitis by at least several days

*(Tr76, Ha76, Ru76, Ca70, Gi75, Du75, Ma76, Ge77, Li77). Other workers
(Tr76, Ch64) have reported that 30-50% of bone mineral must be removed

before a lytic bone lesion will be visibje on a radiograph, also

Sl
indicating that gross changes in bone are being uSed as radiological
o .
signs of osteomyelitis. The experimental data from group 1 agrees
1
well with these reports in the literature.

v

=2
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2. Analysis of Data from Experiment 3, 4, and 5

Group 2, consisting of experiments 3, 4, and-5 used the
histepatho1cgi§§§>reports to represent the actual physical condition of
the animals {t the end of each experiment to which the radiographic and
scintigraphic evaluations were compared. The diagnostic interpretations
were divided into four groups: true negative (T-), true po§itive (T+), ~—

false negative (F-), and false positive (F+) by the following criteria:

T- = Histopathological report is negative:

Diagnostic evaluation is negative

"

T+ = Histopathological report is positive:

Diagnostic evaluation is positive

-’
'l
"

= Histopathological report is positive:

Diagnostic evaluation is negative

= Histopathological report is negative:

-
+
"

Diagnostic evaulation is positive )

fhe results of experiments 3, 4, and 5 appear in Tables 6, 7,
and 8. Of the 9 true positive lesions detected by both radiographic and
scintigraphiq methods in 24 animals 2 were detected simultaneously by
bth radi@gsaphiﬁ and scintigraphic methods ; scintigraphy détectedkB
’1esiens before radiography by 1, 2, and 3 days respectively while

diagnostic radiography detected 4 before scintigraphic evaluations

did by 1, 2, 3, and 5 days respectively.
[
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. . TABLE 9

.SUMMARY OF RADIOGRAPHIC AND SCINTIGRAPHIC EVALUATIONS

Experiment . #-of Definable

$ . . Tissue Reportas #7-
S Por il

’ R S
N~

3\ 18 . - 8 9

-'\ -
4 . 16 0 1
5 M 5 9
¢ | — \\ —_ _—
46 - . .13 19
f
i

F+

Radiographic Method
Scintigraph{c Me thod

True negative: Histopathological
Diagnostic evaluation = negative

True posjtive: Histopathglogical
Diagnostic evaluation = positive

False negative: Histopathological
Diagnostic evaluation = negative

False positive: Histopathological
Diagnostic evaluation = positive

f T+ ¥ F- £ F+
R S | R § R. S
8 4 0 3 0 0
1 2 3 10 21
\ .
5 3 9 2 5 0
2401, .3 15 6 1
A
report-= negative: )
report = positive:
report = éasitive:
report = negative: -
- - e e e M



Several authqrs have eva?uated physicians d1agnast1c
dec1s1ons involving rad1cgraphic images (ThSS Th75, HEEB Ye69,
Ku75, Ku79, Sq69) amd receiver operating - characteristic (RDC) curve
(Me76, St75, Sw77, Tu78, Tu78a). .A simple type of explanation of
this tyPE of analysis is provided by Turner (Tu78a) who described a .
radiographic or scintigraphic image as a complicated composition
‘where disease ("signals") are found along with "noise", ‘e.q. gnatomic

L
. structures, artefacts, or normal variations which cenfuse or mimic

s N . 4 ' . . : ¢

x

~

signs for which the Qgserver is searching. 'Hhi1e_5tr@ng signals
such as grnss anatomical chariges, are easily discriminated from
backgrouﬂd noise, subtle anomalies will be hard to detect. If an
observer evaluates an image as stitiVe whenever he sees ‘something he
judges to be abnormal, he will produce a large number of

false-positive results and will miss very few lesions. "The
‘ i

1]

sensitivity of the test (sensitivity = number of abnormal patients with
"positive" tests divided by total number of abnormal patientsi will
apééar to be high but the specificity of the fest (specificity = number
of normal patients with "negative" tests divided by total number of
normal patients) will be Tow" (p. 435). Specificity can be increaséd by
the observer by evaluating an image as "positive" only when he is
certain that the 51gns‘uf d1sease are present ("strong signal") but this
resu]ts in m1ss1ng Ehe subtle abnormalities and nperat1ng with a reduced
sensitivity (Tu?Ba). This-model assumes that the observer cannot avoid
errors but by adjusting his "cr1ter1an 1evei", he can predetermine what
error he is 11kelyi%3 make (false negative against false pos1t1ve)
(Tu78a). If one p]ats a graph of changing sensitivity against

specificity as the criterion level is changed, a smooth curve will be

85 .
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produced known as the receiver-operating-characteristic (ROC) curve

(Tu78a). -Turner reported that this ROC model accounts for the
gfeétést amount of inter- and intra- observer variation as long as
| " the observers agree as to which signs are potentially abnérmé1
(Tu?Ea)i Turner further reported that observers do not hold their
criterion 1eve1§:ccnst3nt ard most often evaluate an image as
pasigfve if qther cTinical data implies, disease is present and
further states that “we can expect observer behavior in clinical
practice to be'cﬂ'lgcterized by fluctuating sensitivity and
specificity” (p. 436) (Tu’8a). ~ | *»
The true positive, true negative, false positive, and false
- negative fraction c%icu1at1035 are shgwniin Table 10. ,Rad%cgraphy
ShS;Eg a'sénsitivigy of 0.89 witﬁ a sp%cificity of 0.68 while
scintigraphy demonstrated a sensitivity of 0.42 and a specificity of e
d@}qPEQS- These ra;i@graphic results shoéing é high sensitivity and low f!
specificity are charécteristic of a "lax" criterion level (Tu78) while
the cumblnatlon of a high sﬁec1f1city and low’ sens1t1v1ty shown with
rad1§graph1c ana1y51s are produced by a "Strict" criterion level (Tu78).
Hany of the lesions were described as juxta epiphyseal and any increased
activity delineating tﬁe lesion may be masked by that at the'érowing?end
(Guso). If ;hese.1esians were located away from these growing regions
which are normadly "hot" so that visualization would be possible, more
true positive and fewer false negative evaluations might be made which
wgu1d then result in greater semsitivity without a%}ect?ng specifitity.‘ -
Three possible reasons exist for the "lax" criterion associated wi}hjthe -

radiographic evaluations: (1) the signs characteristic of this zébbit
\
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model for osteomyelitis. are different from thnsé in the human clinical
situatien and the physicians evaluating these diagnostic images had té
learn the new signs and while doing 50 were calling any abnormality an
osteogyelytic lesion, (2) the physicians knew they were 1gak1ng aq]y for
signs of one diseas p"cess while in normal clinical radiograpyic
interpretation any o i?a large nuﬁber of diseases or types of traukhs

wh1ch they would have tn carefu11y consider and é71m1nate to 1 or:

séveral only types of 1es1an. and (3) the phy51§13n5 were indeed us{ng

their criteria for diagnosing ostepﬁyeTitis in the human clinical ‘
situaticn on this amima) ma&e] for osteomyelitis and, in fact, do have x >
“13; criteria™ because the “cost"*of missing such s1pn§§mean5 pa1n and '
poss1b]y surgé;y for the patieht as well as health care costs 1nc1ud1ng
physicians' time and fees, and hospital an? administration costs.
Appropriate therapy in the early .stages of disease is effective and

consists simply Ef an?ibiofic érugs which are relatively -cheap, provide
little incanveniEﬁce Fgr the patient, and are easily aﬁﬁinisﬁeredi Eve%, .
if the diagnosis of csgéé@ygiitis is incorrect, the patient will not be

at all impaired by the a&?in%éxrafion of these drugs. Although the

intent of this expérimenta%'érocedure was not to do any extensive

analysis of iPterobserver ;ériabi]ity, 210 paired observations from_
experiment 4 were examined and disagreement on scintiscans was found to

be 7% while disagreement on radidgtaphs was 29%. These figures show

,fhat Fadiograpﬁic interpretations are very sﬁbjective and that the

criterion levels varied between observers more so for the radicgraphiﬁ

1nterpretat1gns than the scintigraphic evaluations. The ROC curve mode]

is reported to account for both inter- and intra- observer varjation as



'1ang as the Dbsefvers~agree as to which signs are potentially abnormal
(e.qg. a,“ccid“'Spatgip.a hepatic scintiscan) (Tu78a).

The data from éxperiments 3, 4, and 5 do not provide inf@ﬁmatjon atl
all similar to that from experiments 1 and 2 which suggests that if only
giggi or "classical" sympté%s (Ca%D) make up the criterion for such !

experiments, scintiscaﬁning pracedures do provide positive diagnésis

radiagraphs. Cases of classical acute osteamye]itiS‘yith negativé bone’
scans have ajsc been reported (Ha76, HaBDj Ga77, Ri77) and Balsam Egiil‘
(Ba80) reported a false pasitiVthdman clinical diagnosis based an a
bone scintiscanrr Furtthmcré Handmaker (Ha80) has reported "hot" and
“ca]d" defects observed in bone 5t1nt1scan§ in ¢linical cases of human
osteomyelitis as w%11 as Qbserviﬁg “extended uptake" in which the
hypéthesis is made that reflex hyperemia is respon?%b]e for all adjacent

or distal long bones seeming "hot". Sullivan et al. (Su80) have '

images and presented data frgmlzl children in which 11 gng: : - »:;
pyraphosphaté scintigrams were abnormal, 4 demonstrated subtle changes,
and 2 were mis1eading: ‘Dye et al. (Dy?Q)ishgwéd that the ngTc o
phosphate scan correlated with periosteal new Bone_in a rabbit model of .
osteomyelitis in 17 of iS tibiae while the 6763 citrate scintiscan
corretated with intramedullary alterations and wasfgore sensitive
éariier than the gngc phosphate scan. Handmaker (Ha80) also
recommended that the radioga11iuﬁ scintiscaq ker patients whgse_gngc
phdéphate scintiscans provided negative or incanciusivé‘resuits when

infection is suspected. He also reported that the pasit1ve 676a c1trate

§c1nt1scan more often shows the true acQ1ve state of the disease process
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than fhe 99"'Tc phosphate scintiscan. Gilday (Gi80) reported that the
bone scintigram is #highly inaccurate” in children under 6 ueskfgzigjge
but ﬁuch more accurate in patients older than this age group. Ash and
Gilday (AsBO) réported that in 10 neonatés (6 weeks of age or less)
proven to have osteomyelitis in 20 sites, only 6 sites®(31.5%) Eﬂuid be
detected by gngE phosphate scihtiscans, 58.0% were normal, and 10.5%
were equivo"1. It is possible that since the rabbits used in the
present experiments were of this age group, these bone sc1ntlgrams a150.
m1ght not be as good an indicator of osteomyelitis as in older an1ma1s
' s

E. DYNAMIC UPTAKE OF TC-99m MDP IN NORMAL AND INFECTED RABBIT LIMBS  ~
# A carrier effect with pyrophosphate and me'thyleme diphosphonate has
been reported at injected concentrations of 10 - 500 ug/kg body weight
(Su76) and also with the monohydrogen and dihydrogen phosphates but ot
with the‘gther phosphates and phospho&étes (Sy76). -The levels of
methylene diphosphonate in the formulation-used in these experiments was
100 ug9/kg body weight. Subramani;n et al. (Su76) reported rabbit tissue
diséribution,st;dies showiné that within the range of 80-]20 Hg/kg,
maximum skeletal uptake occurred with only minimal liver uptakji This
range was also representative of the upper éhemical levels used
clinically in patients (Su76). | ' '
. Matched, collimated Nal (T1) detectors, a multichannel analyzer,

~

and associated electronic equipment were used to perform several kinetQEZS%%%

uptake studies on a normal and affected rabbit to compare uptake of
gngc-MOP fn the right tibfofibular complex and normal contralateral

K} :
’leftxggzs;— Fig. VII illustrates the levels of radioactivity throughout *

a two hour post-injection period as monttored over the rabbit's ear (to
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dist1nct portions of the time-activity curve are evident- thisyis in

agreement with the description of Lentle et gg (L&76) who indicated

that the initially high radioactivity marked the arrival of the

. radiopharmaceutical in the vascular system eb11owed later by a

progresgive extraction qf radiaph%%m&ceutica] from the blood.- In the
ncﬁmaI‘rabbits no significiﬁt differences could be seen between the
uptake and extraction phase in the right and left ijbs in that the
uptake curves by thé bones from the left and right 1imb were
superimposed over each other, in both the vas:uiar and extraction phases
(Fig. Qlj, ﬁ@uevsr the rabbit preséenting with experimentally induced
bane d1seasg produced a different uptake cuyrve foremTc methylene
diphosphonate (Fig. VII) in that the vas¢u1ar*phase of the affected bone

showed a relatively steeper rise with more accumulation of radiotracer

in the first 10 minutes after injection of the radiopharmaceutieal than

in normal bone. The observed results from this series of experiments
i - .
would support the findings of Genant et al. (Ge74a) who reported that

short term uptake of 99"'T,’tf:-EDHP was highly dependent on blood flow ard

largely independent of the rate of osteogenesis. The experimental data

~from the p}esent study showed fe1ativéiy more uptake by the affected

bone in the first ten minutes after injection compared to the normal

bone, while in healthy rabbits there was no apparent difference in

- levels of uptake between the two tibiofibular complexes. After

approximately 10 minutes following injection of the radiopharmaceutical,
the uptake curves of the normal and affected bone appeared to be

essentially parallel (Fig. VII).
L=
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"differences in uptake of 87mg,. and %

The uptake\turve in Figure VI represents a cumulative curve
composed of two distinct elements (Po70): (1) the clearance of the
radiopharmaceutical from the blood which showed high ‘Tevels immedia§é1y
after iptravemous administ%ation and then dropped as the tracer was

e?GCed from the b]ood by (a) becoming associated with the bone (Su75,
F#VQ Ge74a, Le76) and (b) by excretion, mainly by the kidney (Su7s,
Su76); and (2) the actual uptake curve representing association of the
9ngc MDP w1th the bone (Su75, Fr79, Ge74 Le76) The ear was chosen ag
an Qppropr1ate site to monitor blood c1earance becausé thE{F is no bone
5Fé;§nt wh1ch wou]d produce data similar*to that obtained from the
detector over the rabb1t s leg. The 50111mateq detectors over the
rabbit's 1imbs mon{tbred the cumulative bonée and blood levels of
radioactivity because there was no suitable me thod Dféisc1a£ing and
separating the blood supply, especially the femaral artery from the bone
out of the field of view of the detector.

These findings for the rabbit model for osteomyelitis differ
somewhat from those reported hy Lentle et al. (L{?S) which were observed

L

in human Paget01d bone and in human bone replaced by tumour where
gngCspo1thogphate were reported in
the phase of progressive extraction but not seen in the first 10 minutes

immediately following intravenous injection.

F. - Static Uptake Studies of 9ngc Methylene Diphosphonate
_Observation of the dynamic uptake experimental data of the

rabbit model for osteomyelitis (Fig;'VII) shows differences iﬁ

amounts of localized radioactivity between the unaffected and

: . . . - 99m.
diseased bones several minutes after intravenous injection of IMr ¢

' 4
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methylene diphosphonate. A series of studies was deiised_iﬁ which a
s+ ' : &

group of rabbits was inoculated for osteomyelitis with the standard -

préiocal previously described and then intravenously injected with
tracer (approximately 80 v Ci) amounts of!ggﬁTc MDP. The -
tibiofibular complexes of each animal weée.mon%tared on aiternaﬁe

. days over a collimated Nal(T1) crysiai on a shielded platform at 30

and 60 minutes after injection. Then each animal was injected with a

99m

sdanning dose (700 uCi) of Tc-MQP and imaged with a gamma camera

two hours later. Cﬂhparativé radiographs were also gbtai}ed at this .
timé,g Iﬁ order that each animal.could serve as:its own ;antraf, an
uptake, scintiscan, and radiogaphic stud§5§EFe done on each animal «
prior to inoculation. : : o . i

For the purposes of sfatigticaT analysis of the static uptake daté, .
the approach used was to determiﬁe the difference in uptake of the
Eadfatracer between the two tibiae which was then re1a€jg-ta the sum of
the observed radianyc]ide uptakes in the two bones. The mathEmatica;
equations used for the étatistiéé? analysis are as follows:
. A-B _

— x-100
A+B

/C

L]

and ;

sc=1__ x 100
= observed rate of uptake (cpm) in the right tibia

. Where A
: (inoculated)

= observed rate of uptake (cpm) in the left tibia (control)

@
u

1 difference divided by the sum of the observed count
rates » ,

(=]
1]

8¢ = % error expected in C



LT L

Tables 11-17 present the data of 7 rabbits studied a;cnrdingttp

this protocol. Column 1 represents radiographic eva1uafian Fesuits

column 2 represents 5E1ntigraphic evaluatians, cq1umn 3 presents the

7 ~~

observed uptake rate of the t1b1ae in counts per m1nute. calumn 4

presents the difference in uptake between the two tibiae, and ;Q1umﬁ 5
' 7 .

“presents the calculated sfatistica1xdifferente§ related to the sum Df= 3

. the observed count rates and expected error for each calculation.

'.l:

Standard deviation or range observed %n uptake was very small. A + sign
in columns 4 and 5 shows that uptake was greater in the right tibia than
the left and conversely, a - sign }ndicates uptake was greater in the
left tibia than the right bene. In the 7 animals studied (fébbit 5 died
on day_ﬁ of the experiment) only rabbits zvand 4 de:§1oped osteomyelitis
in one leg as diagnosed by both scintigraphic and radiographic methods .
éabbit igdeve1c§ed the disease process in its. left leq and rabbit 4 in
its right leg. A definite trend was seen in this series of animals in

that the static uptake results showed goqd correlation with

xftintigraphic interpretations and rather poor correlation was seen

between radfagr;phi:’1nterpretati@ns and the static'uptake studies.
Usiﬁg this analytic approach a genera1rtrend was seen in_rabbit 1 in
which uptake was generally greater in the left tibia than in the right
bone from day 9 to day 13 but tﬁe calculated differéncé‘was
apprcx1mate1y 2.2 + 0.1% or less Rabbit 4 showed a consistent
difference in uptake between the two tibiae with more uptake in the
right bone as indicated by the consistent presence of the positive sign
in columns 4 and 5 of Table 14; Column 5 (Table 14) shows that uptake
in the right tibia of rabbit 4 s always greater than in the left Sgne
during the course of the experiment but for the single exception on day

¢ |

J
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2, 66 minutes after injection of the radiotracer. These patterns were
consistent and definite in that the obsé}véd trend was seen each time.
Occasionally, differences in increased upgake were seen in column 5 in
the other rabbits, e.g. rabbit 6 on days g Eﬂd§30 and rabbit 8 on day 6,
but these differences were not seen consistently day after day in that
the direction of change and calculated diffeispce did change from day to
day. These ca]cuiated differences of uptake could have beeﬁ due to
increased uptake of r;diotracer in normally "hot" areas of bone such as
the epiphysis in young rabbits' bones which could not easily be seen by
the ph}sidians interpreting the scintiscans (Gu80), The radiographs
were often interpreted as being,abnormai while no differences could be
seen in the scintiscans and no trends were observed in téejstatic uptake
data to support radiographic intefpretatiﬂni

In brief summary, a pos1t1ve trend could be observed between static
uptake analysis and sc1ntlgraph1c interpretation in that the d1rect1nn
of the sign was constant for a number of days if only one leg was
affected, and that when using this analytical approach, observed .
differehces in uptake between the tibiae:appeafed to be approximately 3%
or greater. It must be noted here that if both legs were affected,
uptake of bone-seeking radfopharmaceutical would increase in each tibia

and these trgnds would not be evident.

G. Further Diagnostic Scintigraphic Evaluations of this Rabbit Model

for Osteomyelitis. e

‘This rabbit model for ostgpmyg1itis was evaluated to be

representative of the human disease process by histopathologic;



P

radiographic, and scintigraphic diagncsggf procedures. To further
evaluate this animal model , scintig;aphicaliy and radiographically
osteomyelitis positive rabbits then underwent other diagnostic
scintigraphic studies as described in the following se;:iéps;i

1. 67

Ga Citrate Scintigram and Tissue Distribution Study

bne mCi of ETGa citrate was injected intravendusly into a rabbit
with active osteomyelitis in its right tibia (a§ evaluated by.
radiographic and scintigraphic techniques) on day 41 after inecuia;ian
and gamma camera imaging was performed 24 hours Taier Fa]iawed by a
gissue distributian study done 48 hours after injection of the
radiotréceri

Photographic pTate 5 illustrates the radiogriph of the
osteomyelitis lesion in the right tibia while photographic plate 6
illustrates the Tc-99m MDP bone image and photographic plate 7
illustrates the gallium-67 citrate scintiscan. The arrows indicate the
“infected site. Incongruence between the ngTc methylene diphosphonate
bon€™¥cintigram (Plate 6) and 67&3 citrate séintiahctc (Plate 7) was
seen with somewhat more radiogallium visualized in the region of
infection than the gngc phosphate scintiscan. This difference in the
re?aﬁ%vesdiftributi@n pattern of the two bone-seeking radiotracers was

observed and reported by Rosenthall et al. (Ro79). This incongruence is

seen because although both radiopharmaceuticals are bone-seekers, f

radiogallium is also localized in soft tissue near sites of infection.

Reports in the literature note that this observed localization is due to
) 1 «

(1) direct uptake of the .radiogallium by microorganisms (Sh80) and

104
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Photographic plate 6.

Scintigram (Tc-99m-MDP) of hind limbs of

a rabbit displaying gross osteomyelytic

lesions. (Corresponding to Radiographic

plate 5.)
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Photographic plate 7: Scintigram (Ga-67-citrate) of hind limbs of
a rabbit with advanced osteomyelytic lesions.
(Corresponding to Radiograph plate 5 and
Tc-99m-MDP Scintigram plate 6.)



experiments to inoculate the rabbits, (2) in vivo radiolabelling of
leucocytes, (3) lactoferrin binding at the site of infection, and (4)

si.der-ophore-’67

Ga complex formation {Ho80, Ho80a) at.the site of
infection. -

The tissue concentration results appear in Table 18. These data
indicate that at 48 hours after injection 1.8% of thé injected dgse was
present in the blood and that the majority of the radiotracer in the
blood was not cell-asscociated but was plasma bound (Lo81,Te81) (present
in the~supernatant of the whole blood sample centrifuged at 800 G for
twenty minutes). The relatively high amount of radioactivity in the

_kldneys compared to the other tissues is con515tent with a major pathwﬁf*‘**s
of ga]llum 67 c1trate excretion. Relatively high levels of tracer were

also noted in the bone, especially in the joint and diseased bone o
mineral. More radiogallium was in the pus than in the diseased bone

‘marrow in accordance with reports in the iiterature'of in vivo

radiolabelling of leukocytes with 67

Ga citrate(By73,Bu74,Ge74). The .
mechanisms of 1q@alization of %7Ga citrate in inflammatory lesions are
not yet fully understood and may be influenced by many different factors

as \discussed in the literature review of this topic.

2. '8 _Fluoride Uptake Study
Affer intravenous injection of 53 , Ci of 1SF-ﬂuDride, a rabbit

with an osteomyelitis positive'affected right tibiofibula complex (as

evaluated bylradiographic and scintigraphic interpretation) was 1mag§d

with a positron camera. The positron scintiscan (Photographic plate 8)

of the radiotracer in the area of infection of the right tibiofibula

~



2
TABLE 18
Tissue Concentration of Ly Citrate in an
’ Osteomyelitis-Positive)Rabbit*
Tissue % Injected Dose
(per g or ml)
Whole Blood | v Y .0.0124 /ml
Plasma ' : 0.0207 /ml
Lymph nodes Ny 0.0092- /9
Spleen T 0.0404 /g
Adrenal gland o 0.0024 /g
Kidney 0.0705 /9

.0189 /g
.0382 /9
.0040 /g
.0293 /g
.0536 /9
.1976 /g
.1139 /g
1311 /g E}
.0026 /9
.0056 /g
.0038 /g

Small .intestine -

Liver

Marrow (control leg) ,

Diseased bone marrow (no pus)

Diseased bone pus

Bone joint (control leg)

Cortical bone (control leg)

Cortical bone (diseased leg)

Peripheral skeletal muscle (control leg) @
Muscle adjacent to bone (control leg)

Muscle adjacent to diseased bone

1.0 ml containing 3.1 x 10’ RBC/mI. 0.00035 /m)
and 6 x 10° WBC -

P )
Total monocytes from 18 ml whole blood ° 0.00001 /m
containing 1.8 x 10’ cells (1ymphocytes :
and monocytes).

* 48 hours after intraYEﬁgus injection of 1.0 mCi
Ga-67 c¢itrate : e
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Photographic plate 8. Scintigram (F-18-fluoride) of hind limbs
of a rabbit with osteomyelytic lesions.
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comblex. The region of infeci?%%‘eppearﬁng as a "hot" spot (increased
rédioi§;izggﬁaﬁtake) in the scintiphoto couldAbe dué to inc}eased blood-
flow to the affected region (Wo74, Ch78). Visual inspection of the
scintiscan of the anim&]'s hind legs showed increased uptake by the
tibia in the same.region indicated in the radibgraph (Photographic plate
9). ang gngq‘”DP scintiscan (Photographic plate 10) used to diagnose the
disease process. The arrows indicate thé affe;ted site. The rapi&
blood clearance and bone uptake of fhis radiotracer would appear io make
it a good agent in the assessment of metabolic bone disorders compared
to the 99mTc\]abeHed phosphorous compounds commonly used now. Thus a
F-18 bone scan combined 3’!3 a 67Ga-citrate scintiscan and radiolabelled

Teukocyte investigation along with collaborating radiographs would

appear tq be particularly useful in the diagnosis of osteomyelitis.

3. gngc Sulphur Colloid Labelled Granulocytes

Rabbit'granu]ocytés were labelled with 9ngc suTDhbr colloid and
reinjected into osteomyelitis positive animals as evaluated by
radiographic and scintigraphic interpretation. Three hours after
injection of the radiolabelled Teukocytes, gamma camera scintigraphs
indicated that these radiolabelled granulocytes locélized in the region
of the infected area, thus acting as an agent specific for the
inflammatory process. This region of increased radiotracer corresponded
to the site of the osteomyeTytic lesion as indicated by x-ray and Tc-99m

MOP sciﬁtigraphy, but with the Tc-99m labelled granulocytes study, a

considerable amount of soft tissue uptake surrounding the affected bone

was also seen. The radiolabelling procedure of granulocytes with Tc-99m

sulphur colloid is relatively simple with minimal cell manipulation.

#:

~
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Photographic plate 10.

Scintigram (Tc-99m-MDP) of hind 1limbs of
a rabbit with osteomyelytic lesions.
(Corresponding to F-18 Scintigram plate 8
and Radiograph plate 9.)
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Photon flux from the reinjected granulocydes was sufficient to provide

scintigraphic images and the infog ¥ provided was specific for

inflammatory 1esiéns as reported by other workers (Le76a, An75, Ba77).
[ 3
i . , f QQmT, P .
4. Bone Marrow Uptake of Fc Sulphur Colloid
In the experimental procedure of the present study, bone marrow

uptake scintigrams were obtained from two rabbits which demonstrated
99n '

c methylene diphosphonate consistent with that

asymmetric uptake of
found in.human osteomyflitis and with similarly abnormal radiographs.

The marrow uptake scifitiscan was made 3 hours after the intravenous

. injection of gngc sulphur colloid to ensure localization of the
radiopharmaceutical into the reticuloendothelial system. Several other
studies have dealt with the localization of Tc-99m SC in bone marrow of
experimental animals. Martindale et.al. (Ma80a) reported rat tissue
distribution studies of gngc sulphur colloid and stated that at one hour
after injection 0.26 + 0.13% was found in the b1cod'and 0.61 + 0.26% i%

the marrow. Greenberg et al. (Gr66) reported that 2.8% of the injected

-

dose of Tc-99m SC was fEUﬁd,Hithiﬂ the bones of a daﬁ‘sacrificed 24
hours after injection of the radiopharmaceutical.

The ngTc SC scintigrams .obtained from one of the infected animals
(Photographic plates 11 and 12) on days 26 and 36 after inoculation
indicated that the disease process desﬁrayed some af:the
reticuloendothelial portion of the bone marrow. The arrows in
Photographic plates 11 and 12 indicate the affected site. It is
imperative that at least 2 such sgintiscaﬂSEUSing the same radiotracer
be obtained at different times to prove that changes iﬁ patterns of

radiotracer distribution have occurred because it has been-shown that



Photographic

plate 11.

Scintigram (Tc-99m sulphur colloid)
of hind limbs of a rabbit with
osteomyelitic lesions 26 days after
inoculation.

—

‘m\
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Photographic plate 12.

Scintigram (Tc-99m sulphur colloid)
of hind 1imbs of @ rabbit 36 days

after inoculation (compare with
Photographic plate 11).
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reticuloendothelial andgérythyrﬂpaietic function are ‘not always mapped
in the same areas of bone marrow when uptake er?adiocailnid or
“radioiron are compared {Ne70, Va67). Thus, care must be exercised when
evaluating bone marrow scintiscans with different radiotracers. The
animal data from the present experiments suggest that the }oca1 bone

reticuloendothelial funct1ons has decreased in the infe

Cted_1imbs of the -
rabbit as the disease progressed but no conclusions can be made about
the erjthropoietic function based only on the ngTE sulphur colloi
study. Data has been published indicating that the tibiofibula complex
of the rabbit has low hemopoietic activity (Brél).

The experimental data here support those reported by Fe1g1 et al.
{Fe74) who demonstrated decreased uptake of ngc sulphur co]]aid in the
region of osteomyelitis in rabbits as compared with the contralateral
unaffected 1imb at least 4 days béfgre similar radiagraphic differences

were observed. These workers suggested that the bone marrow scan may be

(of some value in the early-diagnosis of osteomyelitis.
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y
+A. The rabbit model for osteomyelitis as described in this thesis
serves as a useful model for sthy of the disease process as evaluated by
histopathological, radiological, and scintigraphic techniques. -

B., If gross bone structural malformations - specifically
destructive bone changes and periosteal new bone formation as well as
soft tissue inflammation, is used as the criteria for evaluation,
scintigraphic imaging techni%ges can detect signs of the disease process

several days before radiographic signs become evident.

C. When roentgenographs of high quality are produced and subtle
signs are used as the critéria for evaluation, radibgraphic techniques
can detect signs of the disease as early and as'eften as scintigraphic
imaging techniques. Using these criteria for evaluation the
radiographic analysis provided a sensitivity of 0.89 and a specificity

of 0.68 while the scintfgraphic analysis demonstrated -a sensitivity of

0.42 and a specificity of 0.95. . . '
L
%

D. Kinetic uptake studies demonstrated more uptake of 99'"TE
‘methylene d1phcsphanate in the d15eased bone compared to the
contralateral normal bone. Such increased uptake of Tc-99m MDP was
evident within the first 10 minutes of intravenous injection of the
radiopharmaceutical.

E. Stétic uptake studies indicate that infected béne consistently:

demonstrates mére uptake of ngTi MDP than normal contralateral bone.
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F. Other SCintigraphic &iagnostic procedures have also demonstrated
that this rabbit quél for osteomyelitis is representative of the human
disease process in that patterns of uptake consistent with those rePorted
in the literature for the human clinical study with 18; _ fluoride,
67Ga citrate, 99"'Tc sulphur colloid bone marfow uptake, and 99'“Tc sulphur

colloid leukocyte scintiscans have been shown.
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