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Flg, 1 ¢hemieal [Grmbl%ﬂb ol hone secking pliosphates and dlphagphonates
torming comploxes of e, Although these are shown as tetrasocdium
salts, in solution at neutral pH they are probably disodium salts.
ilwase flve preparations have been ghown to have blologle differ-
encas dpparently reﬂtcd to their chuemleal structures. ‘The meghanizm ol
bone uptake of :hese con!pounds iy not perlectly elucidated but Lht.} seen
to bind strongly to the bone surface by absorption {(“chemiserption™). A
recent repoct suggests that these compounds, amd especially pyrophos-
hate, have a grcutv{r affinley for noﬁ-ostuuicl sepanic matrix chan the
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All [ive agents have a lhigh affinity for bone but they alse have
hiplogicul differences which scem to boe relared to theic Jdif{ferences In
chemical structure (4,5).

+he blood clearance of the Te~Phosphates in humans and animals
appears to be best for the MDY and HMDPF, (ollowed by EHDIY, Pyroplesphate,

and l'olyphosphate.
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Subramanlan et al. J Nue Med 16: 748, 1975,

aw . - . .
The rolatively slower clearance of the 99 Fe=Pyropliosphate and |
Y4l :

Fe<l'ot yphosphaly ﬁ# vxplalned hy the stronger aflinley and binding to
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BONE TMAGING

Overall, Tc-diphosphonate has been favored as the best-agent for clinical
use followed by the Tc-pyrophosphate and the polyphosphates (10,11).

A8 an example, some specific data are given for the labelled di-
phosphonate.

E. TECHNETIUM LABELLED DIPHOSPHONATES (F~C-P Bonds [Pyrophosphonates

hava P'-0-P bonds which lead to some minor differences]).
1., Actions
a, Increased blood flow
b. Chemisorption
¢. Displacement of orthophosphate
2. Localization
a. Amount and type of calcium and phosphorus present
b. Increased vascularity of area (i.e., epiphysesa)
¢, Increased surface area
d. Increased turnover
1, Physiplopy and Pharmacology !
a. Qptimum scan time -I2—3 hours, depending on the ph#rma—
ceutigal 50% in bone - 50% excreted. Patient should

vold at 1 hour and at time of imaging.

b. Diphosphonate = chelate excreted via GFR
{bladder is critical organ)

¢. High ratlo bonefsaft tissue
d., High ratlo lesion to normal bone

e. Low rdé;ation dose

113221
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DOSIMETRY OF BONE IMAGING AGENTS

{in 70 kg Adult - Ra_ds;’n'ici tadminiscered) {Data f{rom package Lnsye
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Radiopharmaceutical
ORCAN 99mreMpP 99mre Pyrophosphate 99mr. EHDP 1B 67cs cicrate
Skeletan 035 034 L0319 L15-.2% Lh4
Bone Marrow .028 028,076 028 04 .58
Kidneys .03l .02B-.14 .14 LAl
Liver 008 001 ———— L4b
Total Body L0085 009 009 .05 26
Bladder 2.0
=3 h voiding .13 Q4= .1 -
4.8-6 h voiding .31 07-.23 .23 -
Tastis .24
2-3 h voiding 008 L004~.01
4.8-% h volding .01 .Q07-.015
Ovaries .28 h
1-3 h volding 012 L004-.009
4.8-6 h volding 017 .B07-.015
Heart ——
Normal 007 007
Impaired 014 .02-,03
Costroenteric Tract
SLumich L2
Smill bowel | .36
Upper large bowel -1
Lower large bowel .9
. we M )
Pj 1 ) S- L)‘o: ’)"1 ) .
M /W\.&' '1
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,
T
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‘;D C. OLDER BOME SEEKING AGENTS _
1. 8p L shore Ti/2 (1.8 hr). High energy (511 KeV) annihilatien
.photens are not ideal for gamma camera.
18

F has very favorable biologic characteristirs. It is
absorbed by the GL tract and can be given orally. The mechanism
of uptake appears te be that of ilon exchange at the level of ths
hydroxyapatite crystals, Extraction efficiency is excellent and
approaches 100% depending on bone flow.

laF 1s rapidly secreted by kidney (20-60% at Z hours) a factor
to keep in mind since overlapping of the kidneys and bladder with
SLTUCLuUres may eecur. ’

5 .
z. 55: - leng T1/2 (64 days) requires low administered dose for
low patient doses. This leads to low photon flux, leng scanaing
rime, and low resclution. Obsolete.

3. 87g¢ - shore T1/2 (2.8 hours) does not allow for adequate soft

tissue clearance. Higher photon energy (388 KeV) not ideal for
gamma cameras. Obsolete. :

11713225
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I1. PATHOPHYSIDLOGY 3 {
It appears that several factors are implicated and determine the {

degrea of concentration of bone seeking agents in the ossecus tissua.
These factors are:

Vascularity and blood flow

Deposition ac the level of the mineral phase {(hydroxvepatite)
Deposition at the organic phase (osteofd matrix)

Degree and lavel between osteoblastic and osteolytic activitles
Finally the mechanism of depesition in some non-osteoid forming
tissues like tumors and ischemic and necrotic tilssues (e.g.
myocardial infarction}, {s not fully understood but intracellular
netabolic changes appear tao be involved.

[ RE o PR o N

The relationship between osteolytic and ostecblastic activities is
a very impertant factor in determining deposition of radionuclides in %
bone. Radionuclide uptake is associated with osteoblastie activity,
Since most of the pathologic precesses are associated with osteoblastic
activity (rumor, infection, trauma, etc.) bone scanning is a non-specific
procedure. Fimal diagnbsis should be attempted oa other ¢linical grounds. &
One expects to find positive bone scans when ostecblastic activity is
the prominent event and conversely negative studies if absent. This
Einding is the common one, but there are many exceptions to this observacion.

TIt. INTERPRETATION - NORMAL

. ) |
A, The Spine - Sé‘ttm
- . .. )
Some difference due tao tomographic effect of focused collimators } J"ﬂf\xﬁ
used with rectilinear scanners versus gamma cameras must be considered. .'J -
1. Vertebral godies T |;rt{at1
. Sy
1# P
a. Best of posterior position where lumbar region {s agen e
as being of uniform density. Hip and femoral heads are e \{h5
wall gggn eapecially with la;ge patients. ? _hjlfﬁ‘ ﬁ}‘
i ' gl
B, The Skull . r\ .k_,‘_{ _r:L.:
-. : | .‘.. f.\- .
1. Crnnia;: vault and facial atructures are well seen {sutures ! '.{ Ry
seon in children), : . - ad :
2. Maga off skull Lo )
3. Externdl oceipital protuberance .‘
4. 1If posttive image is seen, cbtain vertex view to exclude Wy \ o
L c . -
| ' '] 3 2 2 i'l ntrn::_:,nnial discasa c f{f I‘U_L ‘lll .
| ‘ LA, A
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C. The Thoragie Region

1. Inferior angle and spine of scapula are well sean. Sternum
and ossification centers and sternoclavicular joints (watch
for assymetry. Occasionally, costo chendral juncrions are
well seen.

D. The Long Bones
L. 5Small bones in wrists, hands, and feet are frequently
easily visible due to large proportion of cancellous
© to ecertical bores, Good detall achieved with pinhole

collimator.

E. OQcther Normal Sites of Increased Upiake

-

Epiphyses and apophyses in juveniles,
2. Joints - variable and sometimes assymecrric.

a. Sacre-illac joints usually show increased uptake.
Sacral tubercle normally prominent {v4X). {[Blei L.,
et al., The Sacral Tubercle - A Cause for Hot Spots on

. Bone Scan. Clin Nuc Med 3: 351-354, 1978].

b, Skull - petrous pyramids and facial bones

c. Cartilage - watch for thyrold cartilage

d. Shoulder uptake corresponding to handedness and/er
pesition.

3. Organs

a. Kidney and bladder

k. Breastc

c. Mypcardium

4, Free angc o]

&, Thyroid

b, Salivary Gland, Sinuses

¢. Stomach

d. Bowel

e, Liver (rare) ]

5. Technical = change in distance of spine from collimator

%( I¥. INTRRPRETATION - ABNORMAL

jé‘ﬂ' Non=-specificicy of Bone Scans - cannot distingulsh benign from
malignant disuase,

8. Scft Tissug Injury
w1
5
Post-operative sites, myccardial infarction, CVA. .

C. Vertabral Bodles

Most common sites for bony metastasis.

b. helayed Scanning
‘af; 1. In parivnts wlhio cannot empty bladder; to Increase target/

non-tapgat ratla,

1113229
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D. Delayed Scanning (continued) \/cﬂ4l*)*f>

2. 1n patients with questicnable dengitiea at 2-1 hours. At
12-24 hours occasienally an abnarmality will appear bettev
visualized than at the earlier time. :

,E. Spot Images using pinhole or other collimator {eonverging or
diverging) as fndicated 13 often useful. Oblique and lateral
views are ofcen helpful. The opposite side should be imaged
[or comparison.

F. HMetastases

Metastasea to the skeleton may show as single or multiple areas
of increased uptake. Practically any bone of the skeleton may
be involved, but spine, ribs, and pelvis are the most frequently
uvbserved.

The most frequent tumors with bone metastases found {n clinieal
practice are cancer of the breaast, lung and proatate gland
(12}.

A clear decision for preoperative bone scans in patients with
operable Breast Cancer i1s not entirely resolved. Patients with
lesions {2 cm in diameter tend mot to have positive mcans.

With increase in lesion mize and the presence of positive
axillary nodes retes of true positive mcans range from 6% to
abeut 25%, The variation 1s due to several factors: size of
tumor, differences in hospital populations, differences in
technique, problems of FP and FN interprecation, FN include
early very small metastaseg, lack of an osteoblastic response,
lesions of pubis and iachium, FP include the mony other causes
of positive bona scans, CT, obsearvation and bilopsy may be
neaded teo resolve this problem, The subsequent development of
mecastasen is related to the size and extent of the original
Lumer , .

Refercences: Hone scanning in breast cancer, Dric. M.J. 2: 180-
181, 15 July 1978,

Calaske C5B. Problems asspciated with the detection of gkeletal
metastases. J. Roy. Soc. Med, 71: 38~-41, 1978.

McNeil BJ et al, Preoperative and follow up of bone scans in
patients with primary carcinoma of the breast, Surg, Gynec and
Obst 147: 7&5—7&8, 1978.

Clatk DG er al.f Indications far bone scans in pfaopara:ive '
evaluation of bteast cancer, Am J Surg 135: 667-670, 1978,

G, he Patlagt*ﬁith Single Bone Lesicns

Slnyle bone'leslons in bone scanning are frequently found (13).
The wost common! E1UHLS aret
] “LttntaL1L tumor {luny, breast, prostate)
2. Post thdracotomy {(surgery sear)
1. Fractary of vertebral hody
11713 72 B. Noroal gariants Gihaulder, <ternomg
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H. The Patient with Diffuse Increase Uptake in Skeleron {(14,15,18)

Diffuse or symmetric increase uptake is not a rave situation.
The importance of this possibility stems from the fact that a

.symmetric diffuse uptake may be easily ovarlooked.

This f{nding has been noted in metastatic cancer of cthe prostate
and diffuse iymphoma and cancer of rhe renal pelvis., Ir {s also
cxpected in matabolic bone dispase due to hyperparathyroldiam
and ostecmalacia. In our lab we have found Paget's of rthe skull
and hypertrophic pulmonary csteoarthropathy present with symmetric
hone invelvement. 1t can occur in hypervitaminosis D and also in
renal osteodystrophy where it may represent secondary hyperpara
thyroidism, [Fogelman et al. Bone scan findings in hypervita-
minesis D: Case report, J Nuz Med 18: 1205-1207, 1977],

1., [Presence of "Cpld" Leslonz in Bone Scanniong {(17,18,19)

A cold lesion may occur As tha sole abnermality in a bone
scan and it has been recognized most frequently in the vertebra
and long bones. It has been described in the f[ollowing conditions:

1. Hetastatic discase of different sources
2. Posc-traumatic aseptic negrosis

J, Sickle cell asnemia with bone infarction
4, Chrenic renal fallure

Pathopenesis of this type of condirion has not been elucldated
but interruption of blood supply appears to be s prominent factor.
Conceivably & poor osteoblastic reaction surrounding an area of
necrosis or tumer would result in 2 "epld" arvea,

See Table 1III.

J. The False Negative and Falge Positive Bone Scan

False negative bone acant may result when radiomctivity in
the lesion i3 not inten®e eacugh, when the lesion Is moatly
osteolytic (e.g., 50% of multiple myeloma) or when the disease
RTOCEES lnvclves the skeleton in a diffuse or symmetric fashion.

False politive gcans are =zaen mninly a@ 8 consequence of
contamination with urine and at the site of injection. If the
technetium iabel is poor, uptake by the thyroid gland and the
stomach may bela source of confusion.  Increased uptake In the
area of vadical mastectomy presumably due to decreased atten~
vation of y rays by removed scoft tissue haa been observed,”
Increased uptakc in areas of post-surgery scars, blopsy sites,
normal or patholaglc breast tissue, soft tissue, inflammation

‘and myocardtul pnd cercbral lnrarcts oceurs.,

Koo Increaned lmnuvntraLiou In Ix:rdnkckptal Fissues

Thiy condiglon has bugn {ound in many circumstances. The
causes and conditlons can be listed as follows:

1. Uptakef&n Usteold Forming Tissucs
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K. Increased Concentration in Extraskeletal Tissues {con'c.}

a, Myositis ossificans

b, Diffuse calcincsis

¢, Metascatic ostecsarcoma

d. Osseous metaplasia in ‘soft tissues or lymph nodes
e. Ectopic calcification in paraplegic pacients

f. MHetastases of bladder (with o¢gsseous metaplas{a)
g. Calciffc tendonitis

In the above conditions concentration of bone seeking agents
is expected and probably related to the presence of hydroxyapa-
tite as well as Immature collagen matrix.

2. "Nonm-ostecid" forming tissues -

a, Thoragotomy and post=surgery scars
b. Soft'tissue inflammation

¢. DBrain infarction

d. Brain astracytoma

e. Brzin metastases from lymphoma

f. Myocardial infarcticn

The mechanism of uptake iz not known but increased blood flow
and concentration of the isotope by the collagen and intracellular
structure could be involved.

L. The Significance of Kidney Abnormalities Incidentally Found
During Bone Imaging (20=23)

This point has been recently brought to attention since many
of the bone seeking radiolsotopes, specifically the Te~Phosphace
compounds, are avidly concentrated by rthe kidneys enabling us
to observe gsome anatomic detail of the kidneys and excretory
system, The follewing puints should be amphasized:

1. Thefﬁ is ne good correlation between kidney concentration
of ~Fluoride and remal function.

1. Hence, kidney asymmerry during lstFluéride bone scanning
is unreliable to predict renal disease,

3. The overall acguracy and the level of confidence when
kidneys are fournd morphologically abnormal are high.

a

4. In genktal, infermation regarding kidney morphology and
func:ipn oppears to be similar with all four currently
used T¢-Phosphate compounds.

5. The mo;c common conditions that can be detected during
bone imaging in peneral clinical practicc are -

a. Bilateral duvcreased visualization due to:

1,v bllateral kidney disease
2., increased bone uptake ("steal phenomena')

1113228
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L. The Signifi{cance of Kidney Abnormaliries,.. {(con't})

b, Small kidney due to unilateral disease

c. 5pace cccupylng leslons: tumors, cysts, dilated calyces

d, Absent kidney: congenitally, surgically, destruction
by encroaching process

e. Obstructive uropathy with dilated axcretory system

f. Dbisplacement of bladdur by pelvic tumor

K. lLetopic laratlon

H. Bone Scanning in Pediatries

Some pertinent points are to be considered when dealing with
the pediatriﬁ age group.

1. The presence of normal variants ighereut to this group
such &3 the increased uptake in juxta~azrticular areas,

13

Positive bone scans due to metastatle disease of pediatric
ncoplasms, il.e. Wilms Tumor, ncuroblastema, leukemia,
rhabdomyosavcoma. Valuable in following course of

discase and evaluating treatments. In neurdblastoma

heone imaglng may miss the leslen although x-ray may be
positive, |Reference - Kaufman RA ot nal. False negative
bone scans in neuroblastona metastalic to ends of long
Leones, Am 1. Boenppenal. 130 131-135, L4761,

3. Frequency of solitary lesions are more likely to be
asnociated with primavy hone tumors. Bendgn tumors
take up less srclvity than de maligunant ones., Imaging
ia uzeful in duebermining extent of osteoblastic tumors.,

4. Differentinl diagnoses between omtecmyelicis and cellu-
litis. This is a frequent situation which poses a
difficult problem since clinical and cadiologic findings
may not be conclusive. In this regard, comparing early
"blood pool" plctiires with the conventional delayed scan
is ofren helplul. Tn solt tissue inflamsarion or infeccien,
the early blood puul scauns show a greater concentracion
af che radiolsotope when compared with the delayed scan.

The reverae Ls asuilly found In cases of osbeomyalitis,
High sensitivicy and pinliole ¢ollimators are often helpful
when dealing with small childrean, Septic archricis,
diseitiy (spondylarthritis), bone Infavets in sickle cell’
disease fequire conclderation in the differential diagnosis.

5. Aseptic necrosis. LI imaged early, may show decreased
uptake, ‘Later upLuke will! be lnercased. In Perche's
disease ﬁstnotnmy may ducrease uptake., Attenclon to
teclnlque {mporvant for bilatersl disease and to follow
course. uanticative technique may be valuable.

{Refeéencesf Morley IR ot al., Fuomoral head activiey in

i113224
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M. Bone Scanning in Padiatrics {con't)

Perthe'’s disease: Clinical evaluation of a quantitative
technique for estimating tracer uptake, J Nucl Med 19: 884-
oo, 1978.

Sty JR. Panner's disease (Osteonecrosis of the capitellum)
Clin Nuc Med 3: 117, 1978].

6. Discitis - Spondylarthritils = Originally described by
Sacnger {Am J Roentgenol 64: 20-31, 1950) by x-ray.
Scanning rveveald in¢reased activity in ad)acent vertebral
bodiea. [Reference — Wenger DR et al, The spectrum of
intervertebral disc-space infection in children, J Bone
& Jeint Surg 60A: 100—103. 1978]. In omne repgrted case
the TC diphosphonate scan 'was normal but the Ga sean
was positive., ([Reference - Norris 5 et al. Parly diagnosis
of disc-space infection using gallium 67, .J Huel Med 19:
IB4-186, 197R],

7. Metabolie and congenital bone diseases, Activity often
increased but not always. Perhaps a function of patient's
age. Quantitative cechniques may be useful. [Reference -
S5ty JR et al. Bone scintigraphy demonstraoting Englemann's
disecase. Clin Nuc Med 3: 69-70, 1978].

[References - Whyte MP et al. 9ngc Pyrophosphate bone
tmaging in ostecpoikilosis, osteopathia striata and
meleorheostosis. Radiol 127: &439-443, 1978.

Epstein DA et al. Bone scintigraphy in hereditary multiple
exostoses. Am J Roentgenol 130: 331-233, 1978,

Park H-M et #l. Skeletal and reticulcandothelial imaging
in osteopetrosis: Case report. J Nuc Med 18: 1091-1095,
1877].

8. General References - Good review articles

Hareke HS Jr., Bone imaging 4in infants and children: &
review, J Hue Med 16: 1324-329, 1978,

Conway 1J. Radiocnuclide bone imaging in pediatrics Ped
Chr N hm 24 701-712, 1977, .
I-
V. COMPARISON OF XrRAYS, EHDF, FLUORINE

Radiology 107: §51-555 June 1973, Silberstein et al.

lB'I‘en pa:ients with Ca and suspected mecrastasis had- ngc—EHDP

ot ©°F bone acans and & roentgenvpraphic skeletal survey,
S B HDP  X-RAY  Total Mets
) Mets £ 59 17 60
% of Total T 56% 982 282 100%
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VI. GALLIUM 67 FOR BONE IMAGING

S?Ga may be useful in circumstances whete mTc phosphorus compounds
appear to give normal images as occasionally in osteomyelitis, sepcic
arthritis. In primary bene tumors it correlates well with 99@Tc compounds.
It may be more useful in showing the excent of soft tissue extension. Its
chief drawbacks are the high apergy of its photons resulting in Boor resolution.
It is superior to radiography but generally not as relilable as Impe, compounds,
In selected cases where 770Tc appears equivocal or at varfance with expectaticn
it should be utilized. {Reference - Handmaker H et al. Gallium imaging in
pediatrica. J Nuc Med 18: 1057-1063, 1977).

VII. DISEASES OF JOINTS

Joint abnormalities frequently show increased activity wich gngc phosphorus
compounds., Ostegarthritis jointe are frequantly visualized in the course of
bone surveys, It is prudent to examine these jeints clinically or by x-ray
to exclude other causes for visualization,

In rheumatold arthritis bone scanning agents usually shew more joints to
be involved than are found clinically and other forms of arthritis show similar
findings. Septic arthricis {s readily visuvalized, The peri-articular activicy
is usually increased due o increased bleod flow and local reaction. Symmetrical
abnormal ineressed in aceivity of invelved joints is sometimes difficule to
regolve egpacially with involvement of sacro-iliac jeints. Although some
investigators find obtaining joint to sacrum count ratios to be valuable in
finding and staging sacro-iliac disease (Dequeker er al. Scincipraphic inves-
tigation of sacro-iliac disease. J Muec Med 19; 119=-120, 1978), and others
{Lentle BC et al. J Nuc Med 1%: 120, 1978) disagree in its usefulness for
the diagnosis of ankylosing spondylitis.

A painful total hip ‘or knee prostheals suggosta possibility of loosening
of pne or more compenents. Imagine with a Tc phosphate complex iz an effective
screening procedure to determine loogsening or other complications. The bone
scan alone lacks specificity but approaches 100% sensicivity for leoosening and
or infectien., If the bone ecan is negative, no further work-up is necessary
at that time, Recent interesc has been direcred to the combined use of Te-
MDP and gallium in che evaluations-of a painful total hip prosthesis. Both
studies are needed ag the Interpretation depends on the presence of abnormal
uptake plus the pattern of abnormal uptake, that is to assess the congruity
ar incongruity of the patterns of abnormal uptake.

EVALUATION OF TOTAL JOINT REPLACEMENT WITH TC-PHOSPHATES AND GALLIUM

BONE SCAN é: GALLIUM SCAN CONGRUENT INCOBRGRUENT
LOOSENING + ' - - -
INFECTION =+ 5 + - +
OR + (INTE&SE) + + -
TRAUMA + g + + -

VIII. QUANTITATIVE racnnxquts

Among these mcthods ecurrently utilized is thac using probes (Park et al,
A quanticative evaluation of rheumatoid arthritis activity with Tc 99m HEDP,
J Nue Med 18: 973-976, 1977) with counts over affected snd normal areas at
spacific times after,

I"l".
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review of earlier images to evaluate treatment in rheumatoid
arthritls. Another method uses reglons of interest and axternal
standards to estimate the amounts of activity taken up in various
parts of the akeleton in Paget's disease [Lurye DR et al., An
improved method for quantitative bone scanning, J Nue Med 18:
21069-1073, 1977]. A third method uses serisl measurements at
frequent intervals up to 24 hours with a ghadow shield whole

bedy moniter [Fogelman et al. The use of whole bedy retention of
Te 99m diphosphonate in the diagnosis of metabolic bone disease

J Nue Med 1%; 270-275, 1978; see also liolmes RA, editorial, Quan-
tificacion of skeletal Tc-99m labeled phosphates to datect mera-
bolic bone disease, J Nue Med 19: 330-33L,.1978]. This technigue
differentiated patients with renal nsteodystrophy, Paget's digease,
osteomalacia and primary hyperparathyroidism from normal subjects.
Patients with ostecporosis did not differ from normals.

IX. MISCELLANEQUS
Careful evaluation of jaws and related structures can reveal
positive images associated with extracticn sites, pulp and peridontal
infections and local irritacion [Tow DE et al, Bone scan in dental
disease, J Nuc Med 19: 845-847, 1978].

The use of single photon emission tomography of facial bones
using a speclel collimator and Tc Pyrophosphate compounds gives
improved rasolution of facial bones and improves the study of
tumors, infections, bone grafte and post irradiacion osteonecrosis
!Brown ML et a). Facial bone secanning by emission tomography, J Nue
Med 18: 1184-1188, 1977).

X. GAMUT APPROACH AND REFERENCES

The gamut apptroach to troentgenolegy has been applied to nuclear
medicine. Though scintiscan abnormalities are less specific
than roentgen lesions, the approach has been useful.

A rTecent gamut prapared by one of our residents 1is included.
It contains a comprehensive list of references. '

_ TABLE 11
SINGLE LOCALIZED AREA OF INL;REASED RADIONUCLIDE UPTAKE ON A BONE SCAN
coMHoN
1. Hetasta:icﬁfumor {lung, breast, prostate} (26,67)
2. Post thoraé@tomy}surgery scar (25,28)

3. Vertebral Qéay compresslon fracture (26}

4, MHormal variants (shoulder, sternum) (29}

11713232
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TABLE 11 (con't)

LESS COMMONM
Metastatic tumer {cervix, neuroblastoma in children) (27,30}

Primary bone tumor {Ewing's sarcoma, osteosarcoma, ostro-
chondrema) {26,311}

Lymphoma (26,27)
Monarticular degenerative disease (26)

Trauma - fracture other than vertebral body, blopsy site,
prosthesis site) (28)

Osteomyelitis, pyogenic (26)
Peridontal disease (33) and post tooth extractien
Paget's disease (26,27)

RARE

Metastatic tumor (thyroid, vremnal, melanoma, pancreas, other
gastrointestinal} {27)

Primery bone tumor {fibrosarcoma, chondrosarcoma, giant cell
tumor, fihrous dysplasia, enchondroma, esteold osteoma, bone
cyst, hemangioma) (26, 32-35)

Multiple myeloma {27}

Aseptic necrosis (32}

Osteitis pubis (32)

Osteomyelitis, T8 {26,36) coccldiomycosis (27)

Extra skeletal calecified and non-calecified tissue uptake
[breast carcinoma (29,34}, neuroblastoma (37,38), neuroc~
fibroma (39), brain mecastasis from lung carcinoma (34),
cecal/rectal carcinoma (34), nasopharyngeal carcinoma (34},
fibrosarcomd (34), soft tissue abscess {40), brain infarction
(41), myocardial infarction and other areas of tissue necrosis,
Hodgkin'as ihvelving spleen (42), leukemic infiltrates (35},
myositis osgificans (43}, calcific tendonitis (32), thrombo-
phlebfeis (29)]. Alsa in lung, stomach, liver, kidneye in
metastatic melanoma and ¢hronic renal disease {Veukateah

et al, Metastatic calcification: the role of bone scanning,
Radiology 129: 755-758, 1978; Rosenthal DI, Uptake of bone
imaging agents by diffuse pulmonary metastatiz calcification,
Am J Roentgénol 129: B71-874, 1977; Oren VO et al.,'L§g§;
metastases of oat cell carcinoma of lung detected on c
dIphosphonats bone scan, Clin Nue Med Itgd55-357, 1978 - has
a good table,ol soft tissue uptake with Te bone imaging
apentul|, ;

Y |

-
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TABLE I1 {con't)
B. Gout (26)
3. Pertostieia {31)
io. Heningiomas (44)

11. Scurvy = [Front D et al., Bone scintigraphy in scurvy, J Nuc
Med 19: 916-917, 1%78).

TABLE III
DECREASED RADIQNUCLIDE UPTAKE ON A BOME SCAN

AVASCULAR AREAS

Aseptic necrosis, bone infarcts

Radiation therapy (late effect)

Lack of weight bearing stress

Metastasis

Sickle Cell € crisis

Chronic renal failure

Acute osteomyelitis

References: Georgen et al,, J Nuc Med 15: 1120-1124, 1974
Fordham et al,, Sem Nuc Med 4: 411-429, 1974
Quint PA, Radiol 130: 751-752, 1979, -#s8,

TABLE IV

True Abnormal, False Abnormal and False Normal Abnormalities in Bone Imaging
Silberstein, EB, J Nuc Med 17: 229-232, 1976

Abnormalities generally show increased uptake of radiopharmaceuticals

A. True Abnormal .
1. Tumor, primary or secondary
2. Fractures and wurgical osteotomy
3. "Metabolic"
a. hyperparathyroidism
b. Paget's disease
¢+ osteoporosis
d. osteomalazcia and occasional pseudofractures of ribs
[Fogelman et &l., The role of bone scanning in :
ostegbmalacla, J Nuc Med 19: 245-248, 1978; Fogelman
et al., Pseudofracrure of the ribs detected by bone
scanning, J Nuc Med 18; 1236-1237, 1977].
4. Inflammarion of bone
a. ostahmyelitls
b. abscsss
€. starile ostettis {e,g. osteitis pubis)
d. gradyloma including sarceid, eosinophilic granulema
e.,. hypercstosis frontalis interna
f. fibrpus dysplasia
g. hypertrophic pulmonary osteoarthropathy
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TABLE IV (con't)

5. Archritis
a. astecarthritis
b. rheumatold arthritis
¢, pouty arthritis
6, Soft-tissue caleifications
a. mnyositls oasificans
b. soft-tissue osseous mataplasia
¢. sofr-rissue tumora with calcification or ectopic
bone formacion
d., wvascular calcification, especlally femoral artery
e. calcific tendonitis -
[. abscess
g. infarecz, cerebral or myocardial
h., thrombophlebiris
7. Vaascular
a. surrounding the bone infarct
8., Decreased uptake
a. tumor
b. disuse of limb {may also be increased with costeoporosis)
c. vascular obscruction (e.g., sickle cell disesse, aseptic

neeroais)
B, Falsely Abnormal
1, Renal artifacts or disesse 99m
L a, hydrourater=hydronaphrosis with Te~diphosphonate
b, contamination of clothing ov skin with urine
2. Recent surgical procedurzs on bene or soft tissue
3. Biopsy site
4. Colloid formation with liver-spleen uptake
C. Fhlsely Normal
l. Lesions of smaller size than the resolving power of the
syscem
2. Purely lytic lesions (e.g., some myaslomas}
3. Jewelry, prostheses, pacemakar overlying a lesion
TABLE ¥
Bilateral Lower Limb Uptake of Bone Scanning Agenta, in
R.P. Spencer and J.4, Datu, Sem Nuc Med 10, (#3): 314-316,1980
Some causes of bilaiétal lower limb uptake of bone imaging agents are:
COMMON ‘
1, “Calcified“l%amoral vessels
Z, Tramma (and battered child)
3. Stress fractures
4, Aseptic necrosis,® cateonecrosis
~ *inereaged uptake iafiikely outalde of the affected region,
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5.
6.
7.
g

g'.

10.
1,
CoioN

1.
2.
3.
b,
3.
6,

Multiple small vessel ccclusion, as in 55 discase®
Osteomyelitis {acute or chronlc}

Hypertrophic pulmonary osteoarthropathy

Increased collagen turnover#*

Paget's disease

Arthritides (ostecarthritis, rheumatoid)

Multiple metastases™

Ectopic calcificacions

Injection sites

Polymyositis, myolysis, dermatomyositis
Soft tissue infection, iufarction B
Surgically induced (bone grafts, pioning, prostheses)
Septic or other emboli*

Bilateral sympathectomy

Lymphoma

Multiple myeloma

Gaucher's disease

Sarcoidosis

-Scurvy

Myelofibrosis
Joint disorders

#increased uptake 1s likely oucside of the affected region

##Includes hyperthyroldism, acromegaly, thyrold acropachy, hyperparathyrcidism,
renal osteocdystrophy.

HHultiple primary bone tumors can oecur but are quite rare.

+ell documented radiographicallu, less well established by bone scans.
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