
'I'hcsc include a iiunbcr of compounds but the following preparations 

are most rrcquently uscd: 
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1. 9')lIl. I'c-I:tliancliydroxy ~lbg~iosptionote (99m~C~~~~1) 

2. 9 ggm~'c-i'olypliospliat~ 1)ltl. ( nl. rcPoly) 
3. rc-Pyropilosl)iiate (99m-rc~yro) 
4 . 9'A"'l'c-Flethylcne Dipliosplionate (9g"k0P) 
5. y9n".~c-llyd roxymetliylctie Ulphosphonate (99mlblDl') 
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I DOCUMENT SOURCE 

.. 
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- 
1 hcsc include a iiunbcc of compounds but thc following preparations 

are most frcquently used: 

9YlIl. IJ IYlC 
1. 9 91n. 1'c-l:tIiancliydroxy , 1)691p1lonate (99m~c~~~~l) _--. - 
2. 99,,1~-1101ypllosl,l~atc (9gmrcPoiy) 
3. r~-Pyropl~ospl~ate ( I'cPyro) 
4 . 
5. y')"'~c-Ilydroxymctliylciie Uiphosplionate (99mlPIUP) 

9'*li'l.c-EIe thy lcne Uipliospllonate (9'i"MUP) 

POLYPMOSPHATE 

(No lon~er nvnilablc) 
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METHYLENE 

DIPHOSPHONATE 

00 
II It 

NOO-P-0-P-ONo 

II 
No0 ONo 

PYROPHOSPHATE 
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HYDROXY METHnENE 

DIPHOSPHONATE 

FIG. I 

<orinins co~iiptcxc~s or "TC. r\ltlroiig1i tliese are s1iown as tecrasodium 
salt>. In solution at nciitral ptl they am probably disodium salts. 

Cliciliical formybas 01 lloiie rccklnr: pliosyhatcs and dlphovphonates 

';'liese ilve prep,arncions liavc been shown to linvc biologic dlf fer- 

cnces apparently rcl5tad to their clicinical structures. 'L'IIC mcclianisln OK 

bonc uptakc of thesc.conipounds is not parlcctly elucidated but tlicy seem 

to hi.nd strongly to 'the bonc surface by absorption ("clicn~isbcption"). A 

recciit rcpor t su~gcs ts that these compounds, and esl)cciillly pyrophos- 

.I. 

0 OH 0 
Na O-;-{'-Fi-Ob I1 I1 

NaO CM30No 

f THANE-I-HYDROX 

I- DI PHOSPHONATE 
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1\11 five agents have a Iiigli affinity for bunc but t1ir.y also havc 

biological diffcrcnccs utilch sccm to I)u rclilted tu tlicir tlicfcrenccs in 

chcmlcal structure (4.5). 

The blood clearance oE the Tc-Phosphates in Iiuinans arid animals 

appcars to bc best for the I.lUI' and IIbUlP, Colloued by l~lll>l', 1'yrul)Iiosphate. 

and l'olyphosphate. 

L 

Subramanlan et al. J Nuc Ned 16: 748, 1975. 
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3 
BONE IMAGING 

.. 

Overall, Tc-diphospho’nate has been favored as the best agent for clinical 

use followed by the Tc-pyrophosphate and the polyphosphatcs (10,ll). @ 
,As an example, some specific data are given for the labelled di- 

L 

phosphonate. 

IS. TECltNETILM LABELLED DIPHOSPHONATES (P-C-P Bonds [PyrophOSphOnateS 

11avc 1’4-1’ bonds which lcnd to some minor diff erences]) . 
1. Actions 

a. Increased blood flow 

b. Chemisorption 

c. Displacement of orthophosphate 

2. Localization 

a. Amount and type of calcium and phosphorus present 

b. Increased vascularity of area (i.e., epiphyses) 

c. Increased surface area 

d. Increased turnover 

3. Physiology and Pharmacology 

a. Optimum scan time - 2-3 hours, depending on the pharma- 
ceutical 50% in bone - 50% excreted. Pqtient should 
void at 1 hour and at time of imaging. 

b. Diphosplionnte - chelate excreted via CFR 
(bladder is critical organ) 

c. High ratio bone/soft tissue 

d. Nigh ratio lesion to normal bone 

e. Low radiation dose 
I! 

I I1322 I 



4 
TABLE I 

DOSIMETRY OF BONE IMAGING AGENTS 

(in 70 kg Adult - Rads/mci Administered) 

Radiopharmaceutical 

-- ORCAN 99mTcMDP 99"'Tc Pyrophosphate 99mTc EHDP 

Skeleton ,035 .034 .039 

Bone Yarrow .028 

Kidneys ,031 

Liver .008 

Total Body .0065 

Bladder 
2-3 h voiding .I3 

4.8-6 h voiding .31 

Testis 

2-3 11 voiding .008 
4.8-6 11 voiding .01 

OVA r ies 
1-3 h voiding .OI2 

4.5-6 h votding .017. 

Heart 
Surmal 
Irniulred 

Ciistroeneer IC 'rract 
S iumiic h 
Sm.ill bowcl 
Upper liirgc bowel 
Lowcr large bowl 

I I13222 

.02a-. 036 

.028-. 14 

, .001 

,009 

.Ob. 1 

.07-.23 

.004- .o 1 

.007-. 0 15 

.004- ,009 

.007-. 015 

,007 
.014 

.028 

.14 

---- 

* 009 

.1 

.23 

.007 
-02-.03 

(Data from package in& 

.05 

2.0 

18~ 67~a Citrate -- 
,IS-. 29 .44 

.04 .58 

.41 

-46 

.26 

.22 

.36 

.56 

.9 



BONE IMAGING 

C. OLDER BONE SEEKING AGENTS 

1. 
.photons are not ideal for gamma camera. 

I8F - short T1/2 (1.8 hr). 

"F has very favorable biologic characteristics. 

High energy (511 KeV) annihilation 

It is 
absorbed by the Gl tract and can be given orally. The mechanism 
of uptake appears to be that of ion exchange at the level of the 
hydroxyapatite crystals. Extraction efficiency is excellent and 
approaches 100% depending on bone flow. 

18F is rapidly secreted by kidney (20-60% at 2 IlOUKS) a factor 
to keep in mind since overlapping of ttte kidneys and bladder with 

structures may occur. 

2. 85sr - long T1/2 (64 days) requires low administered dose for 
low patient doses. This leads to low photon flux, l6ng scanning 
time, and low resolution. Obsolete. 

3. 
tissue clearance. Higher photon energy (388 KeV) not ideal for 
gamma cameras. Obsolete. 

"Sr - short Tl/2 (2.8 hours) does not allow for adequate soft 

I I13223 
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BONE lElAGlNC 

11. PATHOPHYSlOLOCY 

It appears that several factors are Implicated and determine the ( 

degreo of coxentration ol bone seeking agents in the osseous tissue. 

Tlicse factors are: 

1. 
2. 
3. 
4. 

5. 

The 

Vascularity and blood flow 
Deposition at the level of the mineral phase (hydroxyapatite) 
Deposition at the organic phase (osteoid matrix) 
Degree and level between osteoblastic and osteolytic activities 
Finally the mechanism of deposition in some non-osteoid forming 
tissues like tumors and ischemic and necrotic tissues (e.g. 
niyocardial infarction), is not fully understood but intracellular 
metabolic changes appear to be Involved. 

relationship between osteolytic and osteoblastic activities is 

a very important factor in determining deposition of radionuclides in 

bone. Radionuclide uptake is associated with osteoblastic activity. 

Since most of the pathologic processes are associated with osteoblastic 

activity (Cumor, infection, trauma, etc.) bone scanning is a non-specific 

proccdurc. Final dlognosis should be attempted on other clinical grounds. 

One cxprcts to find positive bone scans when osteoblastic activity is 

the prominent event and conversely negative studies if absent. 

findinfi is the common one, but there are many exceptions to this observacion. 

This 

c 

A. The Spine 3 SLL 
Some difference due to tomographic effect of focused collimators 
used with rectilinear scanners versus gamma cameras must be considered. 

1. Vertebral godies 
. '.I 

I? 
a. Best on posterior position where lumbar region is seen 

well stcn especially with large patients. 

i, 
as being of uniform density. Hip and femoral heads"are V' 

' ?i 
.H. l'lie Skull 

! ,..,(a 

I. Crank: vault and facial structures are well seen (sutures I( ; 

2. liane or; skull 
3. External occipital protuberance 
4. 

secn in clii1drc.n). 

If POSi'tfVQ imnye is seen, obtgin vertex view to exclude 
intrac?anial diucatie. 

I 

! . 
I I13224 



C. 

I, 

D. 

E. 

- The Thoracic Region 

1. Inferior angle and spine of scapula are well seen. Sternum 
and ossification centers and sternoclavicular joints (watch 
for assymetry. Occasionally. costo chondral junctions are 
well seen. 

The Lon3 Bones 

1. Small bones in wrists, hands, and feet are frequently 
easily visible due to large proportion of cancellous 

' to cortical bones. Good detail achieved with pinhole 
collimator. 

Other Norm1 Sites of Increased Uptake 

1. 
2. 

Epiphyses and apophyses in juveniles. 
Joints - variable and sometimes assymetric. 
a. Sacro-iliac joints usually show. increased uptake. 

Sacral tubercle nonnal,ly prominent @4%). [Blei L., 
et al., The Sacral Tubercle - A Cause for Hot Spots on 
Bone Scan. Clin Nuc Med 3: 351-354, 19781. 

b. Skull - petrous pyramids and facial bones 
c. Cartilage - watch for thyroid cartilage 
d. 

3. Organs 

Shoulder uptake corresponding to handedness and/or 
pos 1 tion. 

a. Kidney and bladder 
b. Breast 
c. El cardium 

a. Thyroid 
b. Salivary Gland, Sinuses 
c. Stomach 
d. Bowel 
e. Liver (rare) 

4 
4. Free '9~c 0 

5. Technical - change in distance of spine from collimator 

IV. LNI'ERYKETATION - ABNORELZL * 
o +". 

u. 

c. 

~ecificlty of Bone Scans - cannot distinguish benign from 
malignant disease. 

- Soft --- Ticsu; Injury 

Post-operative sites, myocardial infarction, CVA. 

--_.__-- Vrrtebrol Bodles 

Nost coi:mon sites for bony metastasis. 

F 1 a y ed Sccl,n_n_!~g 

I. [n patiwits who caunot cinpty bladder; to increase target/ 
iion-tar&cc ratlo. 

I I13225 
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u. 

E. 

F. 

Delayed ScanninA (continued) 

2. In patients with questionahle dcnsitieff at 2-3 hours. At 

12-24 hours occasionally an abnormality vlll appear hccter 

visualized tlian at the enrlier time. 

aot Images using pinhole or other collimator (converging or 
diverging) as indicated is often useful. Oblique and lateral 
views are often helpful. The opposite side slioiild be imaged 
Cor coniparison. 

Metas tases 

Metastases to the skeleton may show as single or multiple areas 
of increased uptake. 
be involved, but spine, ribs, and pelvis are the most frequently 
observed. 

The most frequent tumors with bone metastases found in clinical 
practice are cancer of the breast, lung and prostate gland 
(12). 

A clear decision for preoperative bone scans in patients with 
o erable Breast Cancer is not entirely resolved. Patients with + lesions 2 cm in dinmeter tend not to have positive acans. 
Vith increase in lesion size nnd the presence of positive 
axillary nodes rates of true positive scans range from 6% to 
about 25%. The variation io due to several factors: size of 
tumor, differences In hospital populations, differences in 
tcchniqiic, problems of FP and FN interpretation. PN include 
early very snia11 metastases, lack of an osteoblastic response, 
lesions of pubis and ischium. 
of positive bone scans. 
needed to.resolve this problem. The subsequent development of 
metastases is related to the size and extent of the original 
tumor. 

* 
-- 

Practically any bone of the skeleton may 

FP include the mnny other causes 
CT, observation and biopsy may be 

Hcfercnccs: Bone scanning in breast cancer. Drit. M.J. 2: 180- 
181, 15 July 1978. 

Galarko CSB. Problems associated with the detection of skeletal 
nietastases. J. Roy. SOC. Ned. 71: 38-41, 1978. 

NcNeil BJ et ill. 

patiatits with primary cnrcinoma of the breast. Surg, Gynec and 
Qbst 147: 745-748, 1978. 

Preoperattve and follow up of bone scans in 

Clark DC et sl. Indications for bone scans in preopcrative 
evaluation of breast cancer. Am .I Sury 135: b67-670, 1978. 

i 

F. >he I'atlcnt 'With Single bone Lesions 

i 
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H. The Patient with Diffuse Increase Uptake in Skeleton (14,15,16) 

Diffuse or synmetric increase uptake is not a rare situation. 
The importance of this possibility stems from the fact thst a 

,symmetric diffuse uptake may be easily overlooked. 
w 

U 

This finding has been noted in metastatic cancer of the prostate 
and diffuse lymphoma and cancer of the renal pelvis. 
cxpectcd in metabolic bone disease due to hyperparathyroidism 
and osteomalacia. 
and hypertrophic pulmonary osteoarthropathy present with symmetric 
IIOIIC Lnvolvcmenc. 
rciial osteodystrophy where it may represent secondary hyperpara 
thyroidfsm. 
minosis D: Case report, J Nuc Med 18: 1205-1207, 19771. 

It is also 

In our lab we have found Paget's of the skull 

It can occur in hypervltaminosls D and also in 

(Fogelman et al. Bone scan-findings in hypervita- 

I. Presence of "Cold" Lesions in Bone Scanning (17,18,19) 

A cold lesion may occur as the sole abnormality in a bone 
scan and it has been recognized most frequently in the vertebra 
and long bones, It has been described in the following conditions: 

1. Metastatic disease of different sources 
2. Post-traumatic aseptic necrosis 
3. Sickle cell anemia with bone infarction 
4. Chronic renal Failure 

Pathogenesis OF chis type of condition has not been elucidated 
but interruption of blood supply appears to be a prominent factor. 
Conccivably a poor oeteoblastfc reaction surrounding an area of 
necrosis or tumor would result in a "cold" area. 

See Table 111. 

J. The False Negative and False Positive Bone Scan 

False negative bone scans may result when radioactivity in 
the lesion is not intense enough, when the lesion is mostly 
osteolytic (e.g., 502 of' multiple myeloma) or when the disease 
process involves the skeleton in a diffuse or synlmetric fashion. 

False positive scuns are Been muinly an a consequence of 
contamination with urine and at the site of injection. 
technetium label is poor, uptake by the thyroid gland and the 
stomach may bela source of confusion. 
area of radical mastectomy presumably due to decreased atten- 
uation of 
Increased upt& in areas of post-surgery scars, biopsy sites, 
normal or pathologic breast tissue, soft tissue. inflammation 
,ailif iiiyocard La1 and cerebral infarcts occurs. 

K . I iy ryy!tc*$- !5!ii~L.!i~mcior! j:~c.r+&$~-ti?J. ?&25-t~g>- 

causes aiid condlclons can be llstod as [ollous: 

If the 

Increased uptake in the 

y rays by removed soft tissue has been observed. 

TIIL~ coirJILion IIOX lwcn tounc~ In many clrcumstanccs. 'Tlie 
W 

I I 13 2 2 1 1. Uptake 'in Osteoid Forininl; Tissues 

. . ., I 



BONE LblACINC 
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K. Increased Concentration in Extraskeletal Tissues (con't.) 

a. Myositis ossificans 
b. Diffuse calcinosis 
c. Metastatic osteosarcoya 
d. Osseous metaplasia in soft tissues or lymph nodes 
e. Ectopic calcification in paraplegic patients 
f. Metastases of bladder (with osseous metaplasia) 
g. Calcific tendonitis 

c 

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. "Non-os teoid" forming tissues . 

a. Thoracotomy and post-surgery scars 
b. Soft,tissue inflammation 
c. Brain infarction 
d. Brain astrocytoma 
e. Brain metastases from lymphoma 
f. Myocardial infarction 

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

L. The SiRnificance of Kidney Abnormalities Incidentally Found 
During Bone Imaging (20-23) 

This point tias been recently brought to attention since many 
of the bone seeking radioisotopes, specifically the Tc-Phosphate 
compounds, are avidly concentrated by the kidneys enabling us 
to observe some anatomic detail of the kidneys and excretory 
systcm. The following points should be emphasized: 

1. Tire is no good correlation between kidney concentration 
of "F-Fluoride and renal function. 

Hence, kidney asymmetry during '*F-Fluoride bone scanning 
is unreliable to predict renal dfsease. 

2. 

3. The overall accuracy and the level of confidence when 
kidney3 are found morpholoyically abnormal are high. 

In gedral, information regarding kidney morphology and 
functlon appears to be similar with (111 Eour currently 
used TC-Phosphate compounds. 

The moit common conditions that can be detected during 
bone imaging in general clinical practicc are - 

p. 

4. 

5. 

Bilateral decreased visualization duc to: 
1, bilateral kidney disease ' 

2. increased bone uptake ("steal phenomena") 

I113228 
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L. 3i-c SignLficancaoCKidney Abnormalities,. . (con' t) 

b. 

d. Absent kidney: congenitally, surgically, destruction 

e. Obstructive uropathy with dilated excretory system 
f. Uisylaccrneiit ol' blnddor by pelvic tunior 

Small kidney due to unilateral disease 
w c. Space occupying leslons: tumors, cysts, dilated calyces 

by encroaching process 

r;. EcLopiL 10~*.7LLon 

Some pcrttnent points arc to be considered wlicii dealing with 

the pediatric age group. 

W 

1. 

2. 

J. 

4. 

5. 

The presence of normal variants inhereril: to this group 
such as the increiised uptake in juxta-articular areas. 

Positive bone sciins due to nietastatlc discasc of pediatric 
neoplasms, i.c. Wilins Tutnor, neuroblastoma, leukemia, 
rliabdomyosarcoeia. 
disease and evalunt'jnp treatments. 
hone J.maglni: may -!ha tlic lesion nltlioiigli x-ray may be 
positive. [Keference - Kaufman RA ct 111. False negative 
bone scans iri ncuroblastoiw metestniic: to en& of long 
Ibo;icw. Am .I. lioc*iIgenol. L.30: 131 -1J5, LY78). 

1:rcquency of rroljtsry lesions are mnre likely to be 
associrccd wl.tli prlmary bone tumors. Bcnjgn tumors 
tnku up less ar.tlvtty than do nialip,nant oms. 
is useful j n dct~i~mirri~ifi extent of osteoblastic tumors, 

Differential dhpnoses between osteomyelitis and cellu- 
litis. This io a frequent situation wllicli poses a 
difficult probleili since clinical and radiologic findings 
may not be conclusive. In this regard, comparing early 
"blood pool" p1ctl:res with the convent tonal delayed scan 
is often IiclpCul. 11) solt tissue inflananatfoii or infection, 
the early blood pool scans show a grcuter concentrarion 
of th* rndiolsotoiw when compared with the delayed scan. 
The reverse is unu.illy found in cues OI oscuomyelitis. 
High sensi'tJ.vity ;ind pinhole collimators arc of ten helpful 
vhcn cleazing with smal.1 children. Saptic arthritis, 
discitis;! (spondylartlirltin) , bone infarcts in sickle cell 
diactise require concldcraticrn in the di lferential diagnosis. 

Aseptic necrosis. 
11p:nke. '?.Later uptaka will Le Incraclscd. In Perthe's 
tiiswise Uetvotomy may decrease uptake. 
tecliniqiig linportont for bilateral disease nnd to follow 
course. ' f!u;inLi enLj VL. tecliiilque iiiily hr v;iJ.unhlc. 

Val.uable in following course of 
Zii neuroblastoma 

'Imaging 

lf iinagcd early, may show decreased 

,\ttnntion to 

I113229 .( 
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M. Bone Scanning in Pediatrics (con’t) 

Perthe’s disease: Clinical evaluation of a quantitative 
technique for estimating tracer uptake, B Nucl Med 19: 884- 

890, 1978. 

Sty JR. Panner’s disease (Osteonecrosis ol che capitellum). 
Clin Nuc Med 3: 117, 19781. 

6. 

u’ 

Discitis - Spondylarthritis - Originally described by 
Sacngcr (Am J Rocntgcnol 64: 20-31, 1950) by x-ray. 
Scanning rcvcals increaricd activity in adjacent vertebral 
bodies. [Reference - Wenger DR et al. The spectrum of 
intervertebral disc-space infcctlon in children, J Bone 
6 Joint Surg 60A: 100-108, 19781. In one repgljted case 
the TC diphosphonate scan’was normal but the 
was positive. [Reference - Norris S et al. Early diagnosis 
of disc-space infection using gallium 67. J Nucl Med 19: 
384-386, 19781. 

Ca scan 

7. Eletabolic and congenital bone diseases. Activity often 
increased but not always. Perhaps n function of patient’s 
age. Quantitative techniques may be useful. [Reference - 
Sty JR et al. Bone scintigraphy demonstrnting Englemann’s 
disease. Clin Nuc Mcd 3: 69-70, 19781. 

[References - Khyce MP et al. 99mTc Pyrophosphate bone 
imaging in osteopoikilosis, osteopathia striata and 
meleorheostosis. Radio1 127: 439-443, 1978. 

Epstein DA et al. Bone scintigraphy in hereditary multiple 
exostoses. Am J Roentgen01 130: 331-333, 1978. 

Park H-M et al. Skeletal and reticuloendotheliaL imaging 
in osteopetrosis: Case report. J Nuc Med 18: 1091-1095, 
19771. 

8. General References - Good review articles 

Harcke llJ Jr., Bone imaging in infants and children: A 

review. J Nuc Med 19: 324-329, 1978. 

Conway JJ, Radionuclide bone imaging in pediatrics. Ped 
Chn N Am 24: 701-712, 1977. 

1 
V. COEIPARISON OF X’RAYS, EHDP, FLUORINE 

- Radiology 107: ,551-555, June 1973, Silberstein et al. 

’ 

or 

I. 
< 

18Ten patience with Ca and suspected metastasis had 99”Tc-EHDP 

F bone scans and a roentgenographic skeletal survey. 

INDP X-RAy Total Eiets - 18F 
t, - 

II Mets 33 59 17 60 

x of Total . 562 98% 28% lOOX 
, 

I I I3230 I 
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VI. GALLIUM 67 FOR BONE IXAGING 

67Ga may be useful in circumstances where 99?c phosphorus compounds ' 

appear' to give normal images as occasionally in osteomyelitis, septic 
arthritis. 
It may be more useful in showing the extent of soft tissue extension. 
chief drawbacks are the high energy of its photons resulting in ioor resolution. 
It is superior to radiography but generally not as reliable as gb?c compounds. 
In selected cases where 99mTc appears equivocal or at variance wich expectation 
it should be utilized. (Reference - Handmaker H et al. Gallium imaging in 
pediatrics. J Nuc Med 18: 1057-1063, 1977). 

In primary bone tumors it correlates well with 99Wc compounds. 
Its 

VII. DISEASES OF JOINTS 

Joint abnormalities frequently show increased activity with 99mTc phosphorus 
compounds. 
bone surveys. It is prudent to examine these joints clinically or by x-ray 
to exclude other causes for visualization. 

Osteoarthritis joints are frequently visualized in the course of 

In rheumatofd arthritis bone scanning agents usually show more joincs to 
be involved than are found cllnically and other forms of arthritis show similar 
findings. Septic arthritis is readily vidualized. The peri-articular activity 
is usually increased due to increased blood flow and local reaction. Symmetrical 
abnormal increased in activity of Involved joints is sometimes difficult to 
resolve especially with involvement of eacro-iliac joints. Although some 
investigators find obtaining joint to sacrum count ratios to be valuable in 

finding and staging sacro-iliac disease (Dequeker et al. ScintiCraphic inves- 
tigation of sacro-iliac disease. J Nuc Med 19: 119-120, 1978), and others 
(Lentle BC et al. J Nuc Med 19: 120, 1978) disagree in its usefulness for 
the diagnosis of ankylosing spondylitis. 

A painful total hip 'or knee prosthesis suggoscs possibility of loosening 

of one or more components. 
screening procedure to determine loosening or other complications. The bone 
scan alone lacks specificity but approaches 100% sensitivity for loosening and 
or infection. If the bone scan is negative, no further work-up is necessary 
at that time. Recent interest has been directed to the combined use of Tc- 
MDP and gallium in the evaluations of a painful total hfp prosthesis. Both 
studies are needed as the interpretation depends on the presence of abnormal 
uptake plus the pattern of abnormal uptake, that is to assess the congruity 
or incongruity of the patterns of abnormal uptake. 

Imagine with a Tc phosphate complex is an effectib,: 

EVALUATION OF TOTAL JOINT REPLACEEIENT WITH TC-PHOSPHATES AND (:ALLIUEl 

CONGRUENT IKCONGRUENT BONE SCAN ;i GALLIUM SCAN 

LOOSENING + - - 
INFECTION + t 

- 
- + 

OR + (INT~SE) + + - 
TRAIfilA + + + - 

VIII. QUANTITATIVE TFjCHNIQUES 

Among these methods currently utilized is that using probes (Park et al, 
A quantitative evaluation of rheumatoid arthritis activlty with Tc 99m HEDP, 
J Nuc Med 18: 973-976, 1977) with counts over affected and normal areas at 

specific times after, 
_. -. . - 

I1 i,iji 
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review of earlier images to evaluate treatment in rheumatoid 
arthritis. Anothcr method uses regions of interest and external 
standards to estimate the amounts of activity taken up in various 
parts of the skeleton in Paget’s disease [Lurye DR et al. An 

improved method for quantitative bone scanning, J Nuc Med 18: 
.1069-1073, 1977). A thlrd method uses serial measurements at 
frequent intervals up to 24 hours with a shadow shield whole 
body monitor [Fogelmn et al. Thc use of whole body retention of 
Tc 9Ym diphosphonate in the diagnosis of metabolic bone disease 
J Nuc Med 19: 270-275, 1978; see also Holmes RA, editorial, Quan- 
tification of skeletal Tc-99m labeled phosphates to detect meta- 
bolic bone disease, J Nuc Med 19: 330-331, 19781. This technique 
differentiated patients with renal osteodystrophy, Paget’s disease, 
osteomalacia and primary hyperparathyroidism from normal subjects. 
Patients with osteoporosis did not differ from normals. 

L 

IX. MISCELLANEOUS 

Careful evaluation of jaws and related structures can reveal 
positive images associated with extraction sitea, pulp and peridontal 
infections and local irritation [Tow DE et ~l. Bone scan in dental 
disease, J Nuc Mcd 19: 845-847, 19781. 

The use of single photon emission tomography of facial bones 
using a special collimator and Tc Pyrophosphate compounds gives 
improved resolution of facial bones and improves the study of 
tumors, infections, bone grofts and post irradiation osteonecrosis 

brown ML et al. Facial bone scanning by emission tomography, J Nuc 
bled 18: 1184-1188, 19771. 

X. CMT APPROACH AND REFERENCES 

The gamut approach to roentgenology has been applied to nuclear 
medicine. 
than roentgen lesions, the approach has been useful. - 

Though scintiscan abnormalities are less specific 

A recent gamut prepared by one of our residents is included. 
It contains a comprehensive list of references, 

TABLE 11 

SINGLE LOCALIZED AREA OF INCREASED RMIONUCLIDE UPTAKE ON A BONE SCAN 

COMMON 
ji 

1. Netastatic tumor (lung, breast, prostate) (26,67) 

2. Post thoragotomy/surgery scar (26,28) 

.3. 

4. Normal variants (shoulder , sternum) (29) 

Vertebral body compression fracture (26) 

3 
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TABLE 11 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

0. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

v 

(con't) 

LESS COMMON 

Metastatic tumor (cervix, neuroblastoma in children) (27,30) 

Primary bone tumor (Euing's sarcoma, osteosarcoma, ostro- 
chondroma) (26,31) 

Lymphoma (26,27) 

Efonarticular degenerative disease (26) 

Trauma - fracture other than vertebral body, biopsy site, 
prosthesis site) (26) 

Osteomyelitis, pyogenic (26) 

Peridontal disease (33) and post tooth extraction 

Paget's disease (26,27) 

Metastatic tumor (thyroid, renal, melanoma, pancreas, other 
gastrointestinal) (27) 

Primary bone tumor (fibrosarcoma, chondrosarcoma, giant cell 
tumor, fibrous dysplasia, enchondroma, osteoid osteoma, bone 
cyst, hemangioma) (26, 32-35) 

Multiple myeloma (27) 

Aseptic necrosis (32) 

Osteitis pubis (32) 

Osteomyelitis, TB (26,36) coccidiomycosis (27) 

Extra skeletal calcified and non-calcified tissue uptake 
[breast carcinoma (29,34) , neuroblastoma (37,38) , neuro- 
fibroma (39). brain metastasis f rom lung carcinoma (34). 
cecrl/rectal carcinoma (34). nasopharyngeal carcinoma (34) , 
fibrosarcomg (34), soft tissue absceso (40), brain infarction 
(41), myocardial infarction and other areas of tissue necrosis, 
Hodgkin's involving spleen (42), leukemic infiltrates (355, 
myositis osqificans (43), calcific tendonitis (32). thrombo- 
phlebitis (%?)I. 
metastatic Idclanoma and chronic renal disease [Veukatesh 
et al. MetObtatiC calcification: the role of bone scanning, 
Radiology 129: 755-758, 1978; Rosenthal DI, Uptake of bone 
imaging agents by diffuse pulmonary metastatic calcification, 
Am .I Koentgenol 129: 871-874, 1977; Oren VO et al., L6g$rc 
metastases a'f oat cell carcinoma of lung detected on 
dIphosphonate bone scan, Clin Nuc Med 339325-357, 1978 - has 
Q good t;lble,oC soft tissue uptake with Tc bone imaging 
~i~:c'nls I , 

Also in lung, stomach, liver. kidney. in 

I 
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TABLE I1 (con't) 

8. Gout (26) 

9. Periostitis (31) 

10. Meningiomas (44) 

11. Scurvy - [Front D et al., Bone scintigraphy in scurvy, J Nuc 
Med 19: 916-917, 1978). 

TABLE 111 

DECRMSED RADIONUCLIDE UPTAKE ON A BONE SCAN 

AVASCULAR AREAS 

Aseptic necrosis, bone infarcts 
Radiation therapy (late effect) 
Lack of weight bearing stress . 
Metastasis 
Sickle Cell C crisis 
Chronic renal failure 
Acute osteomyelitis 
ReEerences: Ceorgen et al., J Nuc Med 15: 1120-1124, 1974 

Pordham ec al., Sem Nuc Ked 4: 411-429. 1974 
Quint PA, Radio1 130: 751-752, 1979, #Sa. 

TABLE IV 

L 

Abnormal, False Abnormal and False Normal Abnormalities in Bone iaging 
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 surgical osteotomy 
3. "Metabolic" 

a. hyperparathyroidism 
b. Paget's disease 

d. 
c. osteoporosis 

osteomalacia and occasional pseudofractures of ribs 
[Foglelman et al., The role of bone scanning in 
ostqbmalacia, J Nuc bled 19: 245-248, 1978; Fogelman 
et 8'1.. Peeudofracture of the ribs detected by bone 
scanning, J Nuc Med 18: 1236-1237, 19771. 

4. Inflnmnebion of bone 
a. ostepmyolitis 
b. absc!ss 
E. aterlle oateitis (e.g. osteitia pubis) 
d. granuloma including sarcoid, eosinophilic granuloma 
e.. hyperostosis frontalis interna 
f . f ibrbua dysplasia 
g, hypertrophic pulmonary osteoarthropathy 

J 
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TABLE IV (con't) 

5. Arthritis 
u 

a. osteoarthritis 
b. rheumatoid arthritis 
c. gouty arthritis 

6. SoEt-tissue calcifications 
a. myositis ossificans 
b. soft-tissue osseous metaplasia 
c. soft-rissue tumors with calcification or ectopic 

bone formation 
d. vascular calcification, especially femoral artery 
e. calcific tendonitis 
f. abscess 
g. infarct, cerebral or myocardial 
h. thrombophlebitis 

a. surrounding the bone infarct 

a. tumor 
b. disuse of limb (may also be increased with osteoporosis) 
C. vascular obstruction (e.g., sickle cell disease, aseptic 

7. Vascular 

8. Decreased uptake 

necrosis) 

U. Falsely Abnormal 
1. Renal artifacts or disease 

a. 
b. 

hydrouro ter-hydronephroeie vi th 99mTc-diphosphona te 
contamination of clothing or skin with urine 

2. Recent surgical procedures on bone or soft tissue 
3. biopsy site 
I. Colloid formation with liver-spleen uptake 

C. Falsely Normal 
1. 

2. Purely lytic lesions (e.g., some myelomas) 
3. Jewelry, prostheses, pacemaker overlying a lesion 

Lesions of smaller size than the resolving power of the 
sys tern 

TABLE V 

Bilateral LovOr Limb Uptake of Bolie Scanning Agents, in 
R.P. Spencer and J.A. Datu, Sem Nuc Med 10, (53): 314-316,1980 

Some causes of biladerel lower limb uptake of bone imaging agents are: 

COMMON 

1. "Calcified" kcmoral versels 
2. Trauma (and battered child) 
3. Stress fractures 
4. Aseptic necrosis,* osteonecroeie 

W *increased uptake is likely outside of the affected region. 

I I13235 
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TABLE V (con't). 

10. 
11. 

UNCOMMON 

1. 

2. 
3. 
4. 

5. 
6. 
7. 

9. 
10. 
11. 
12. 
13. 
14. 

a. 

5. 
6. Osteomyelitis (acute or chronlc) 
7. 
8. Increased collagen turnover** 
9.: Paget's disease 

Multiple small vessel occlusion, as in SS discasc" 

Hypertrophic pulmonary os t eo3 r t 11 ro p a t hy 

Arthritides (osteoarthritis, rheumatoid) 
Multiple met as tases+ 

Ectopic calcifications 
Injection sites 

Polymyositis, myolysis, dermatomyosit!s 

Soft tissue infection, infarction 
Surgically induced (bone grafts, pinning, prostheses) 

Septic or other emboli* 
Bilateral sympathectomy 

Lymphoma 
Multiple myeloma 

Caucher's disease 
Sarcoidosis* 

Myelof ibrosis 
Joint disorders 

scurvy 

*increased uptake is likely outside of the affected :egion 

**Includes hyperthyroidism, acromegaly, thyroid acropachy, hyperparathyroidism, 
renal osteodystrophy. 

+Multiple primary bone tumors can occur but are quite rare. 

+%ell documented radiographicallu, less well established by bono scdns. 

I11323b 
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