
'I'hcsc include a iiunbcr of compounds b u t  t h e  f o l l o w i n g  preparations 

a r e  most rrcquently uscd: 
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3 .  rc-Pyropilosl)iiate (99m-rc~yro)  
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5 .  y9n".~c-l lyd roxymetliylctie Ulphosphonate (99mlblDl') 
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I DOCUMENT SOURCE 

. .  
. .  

- 
1 hcsc inc lude  a i iunbcc of  compounds but thc following prepara t ions  

a r e  most f rcquent ly  used: 
9YlIl. IJ I Y l C  

1. 9 91n. 1'c-l:tIiancliydroxy , 1)691p1lonate ( 9 9 m ~ c ~ ~ ~ ~ l )  _--. - 
2 .  99,,1~-1101ypllosl,l~atc (9gmrcPoiy) 
3 .  r ~ - P y r o p l ~ o s p l ~ a t e  ( I'cPyro) 
4 . 
5. y')"'~c-Ilydroxymctliylciie Uiphosplionate (99mlPIUP) 

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

POLYPMOSPHATE 

(No l o n ~ e r  n v n i l a b l c )  

O H O  
I1 I II 

1 1 1  
Na 0-.P- C - r ' - O N a  

No0 H ON0 

METHYLENE 
DIPHOSPHONATE 

0 0  
II It 

NOO-P-0-P-ONo 
I I  

N o 0  ONo 

PYROPHOSPHATE 
o on o 
II I 11 

N ~ o - P - C - P - O N ~  
I l l  

N o 0  H NO0 

HYDROXY M E T H n E N E  
DIPHOSPHONATE 

F I G .  I 
<orinins co~iiptcxc~s o r  "TC. r\ltlroiig1i tliese a r e  s1iown a s  tecrasodium 
s a l t > .  In s o l u t i o n  a t  nc i i t ra l  ptl they  a m  probably disodium s a l t s .  

Cliciliical formybas 01 lloiie rccklnr: pliosyhatcs and dlphovphonates 

';'liese i l v e  prep,arncions liavc been shown t o  linvc bio logic  d l f  fer- 

cnces apparent ly  rcl5tad t o  t h e i r  clicinical s t r u c t u r e s .  'L'IIC mcclianisln O K  

bonc uptakc of thesc.conipounds is no t  p a r l c c t l y  elucidated but  t l icy seem 

t o  hi.nd s t r o n g l y  t o  'the bonc surface by absorp t ion  ("clicn~isbcption"). A 

recciit rcpor  t s u ~ g c s  ts t h a t  t h e s e  compounds, and esl)cci i l l ly  pyrophos- 

. I .  

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

NaO CM30No 
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2 '  

1\11 f i v e  agents have a Iiigli a f f i n i t y  for  bunc b u t  t1ir.y also havc  

b i o l o g i c a l  d i f f c r c n c c s  utilch sccm t o  I)u rc l i l ted  tu  t l ic ir  t l ic fcrenccs  in 

chcmlcal s t r u c t u r e  ( 4 . 5 ) .  

The blood c learance  oE the Tc-Phosphates in Iiuinans arid animals 

appcars t o  bc best f o r  the I.lUI' and I I b U l P ,  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 . .  

O v e r a l l ,  Tc-diphospho’nate has  been favored a s  t h e  b e s t  agent  f o r  c l i n i c a l  

use  followed by t h e  Tc-pyrophosphate and t h e  polyphosphatcs (10,ll). @ 
, A s  an example, some s p e c i f i c  d a t a  a r e  given f o r  t h e  l a b e l l e d  d i -  

L 

phosphonate. 

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

11avc 1’4-1’ bonds which lcnd  to  some minor d i f f  e rences] )  . 
1. Actions 

a .  Increased blood f low 

b .  Chemisorption 

c .  Displacement of or thophosphate  

2 .  Local iza t ion  

a .  Amount and type of calcium and phosphorus present  

b .  Increased v a s c u l a r i t y  of area ( i . e . ,  epiphyses)  

c .  Increased s u r f a c e  a r e a  

d .  Increased turnover  

3.  Physiology and Pharmacology 

a .  Optimum scan t i m e  - 2-3 hours ,  depending on t h e  pharma- 
c e u t i c a l  50% i n  bone - 50% excre ted .  Pqt ien t  should 
void a t  1 hour and a t  time of  imaging. 

b .  Diphosplionnte - c h e l a t e  excre ted  v i a  CFR 
(bladder  is c r i t i c a l  organ) 

c .  High r a t i o  bone/sof t  t i s s u e  

d .  Nigh r a t i o  l e s i o n  t o  normal bone 

e .  Low r a d i a t i o n  dose 
I !  

I I 1 3 2 2  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 

L i v e r  .008 

Total  Body .0065 

Bladder 
2-3  h voiding  . I 3  

4 . 8 - 6  h voiding  .31 

Testis 
2 - 3  11 v o i d i n g  .008 

4 . 8 - 6  11 v o i d i n g  .01 

OVA r i e s  
1-3 h void ing  .OI2 

4 . 5 - 6  h votding .017. 

Heart 
Surmal 
Irniulred 

Ciistroeneer I C  ' r r a c t  
S iumiic h 
S m . i l l  bowcl 
Upper liirgc bowel 
Lowcr l a r g e  b o w l  

I I 1 3 2 2 2  

.02a-. 036 

.028-. 14 

, .001 

,009 

. O b .  1 

.07-.23 

.004- .o 1 

.007-. 0 15 

.004- ,009 

.007-. 015 

,007 
.014 

.028 

. 1 4  

---- 
* 009 

.1 

.23 

.007 
-02-.03 

(Data from package i n &  

.05 

2.0 

1 8 ~  6 7 ~ a  C i t r a t e  -- 
,IS-. 29 . 4 4  

.04 . 58  

. 4 1  

- 4 6  

. 2 6  

. 2 2  

. 3 6  

.56 

.9 



BONE I M A G I N G  

C .  OLDER BONE SEEKING AGENTS 

1. 
.photons a r e  n o t  i d e a l  f o r  gamma camera. 

I8F - s h o r t  T1/2 (1.8 h r ) .  

"F has very favorable  b i o l o g i c  c h a r a c t e r i s t i c s .  

High energy (511 KeV) a n n i h i l a t i o n  

I t  is  
absorbed by t h e  Gl t r a c t  and can be given o r a l l y .  The mechanism 
of uptake appears  t o  be t h a t  of i o n  exchange a t  t h e  l e v e l  o f  the 
hydroxyapat i te  c r y s t a l s .  Ext rac t ion  e f f i c i e n c y  is e x c e l l e n t  and 
approaches 100% depending on bone flow. 

18F i s  r a p i d l y  s e c r e t e d  by kidney (20-60% a t  2 IlOUKS) a f a c t o r  
t o  keep i n  mind s i n c e  overlapping of ttte kidneys and bladder  with 
s t r u c t u r e s  may occur .  

2 .  85sr - long T1/2 (64 days)  r e q u i r e s  low adminis tered dose f o r  
low p a t i e n t  doses .  This  l e a d s  t o  low photon f l u x ,  l6ng scanning 
time, and low r e s o l u t i o n .  Obsolete. 

3 .  
t i s s u e  c learance .  Higher photon energy (388 KeV) not  i d e a l  f o r  
gamma cameras. Obsolete .  

"Sr - s h o r t  Tl/2 (2 .8 hours)  does not  a l low f o r  adequate s o f t  

I I 1 3 2 2 3  
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BONE lElAGlNC 

11. PATHOPHYSlOLOCY 

I t  appears  t h a t  s e v e r a l  f a c t o r s  are Implicated and determine the  ( 

degreo of c o x e n t r a t i o n  o l  bone seeking  a g e n t s  i n  the  osseous t i s s u e .  

Tlicse f a c t o r s  a r e :  

1. 
2 .  
3 .  
4 .  
5. 

The 

Vascular i ty  and blood flow 
Deposi t ion a t  t h e  l e v e l  of t h e  mineral  phase (hydroxyapat i te)  
Deposi t ion a t  t h e  organic  phase (os teo id  matr ix)  
Degree and l e v e l  between o s t e o b l a s t i c  and o s t e o l y t i c  a c t i v i t i e s  
F i n a l l y  the  mechanism of  d e p o s i t i o n  i n  some non-osteoid forming 
t i s s u e s  l i k e  tumors and ischemic and n e c r o t i c  t i s s u e s  (e.g. 
niyocardial i n f a r c t i o n ) ,  i s  n o t  f u l l y  understood but  i n t r a c e l l u l a r  
metabol ic  changes appear  t o  be Involved. 

r e l a t i o n s h i p  between o s t e o l y t i c  and o s t e o b l a s t i c  a c t i v i t i e s  is 

a very important f a c t o r  in determining d e p o s i t i o n  of rad ionucl ides  i n  

bone. Radionuclide uptake is assoc ia ted  wi th  o s t e o b l a s t i c  a c t i v i t y .  

Since most of the  pa thologic  processes  a r e  a s s o c i a t e d  w i t h  o s t e o b l a s t i c  

a c t i v i t y  (Cumor, i n f e c t i o n ,  trauma, e t c . )  bone scanning is a non-specif ic  

proccdurc. F ina l  d lognos is  should be at tempted on o t h e r  c l i n i c a l  grounds. 

One c x p r c t s  to  f i n d  p o s i t i v e  bone scans  when o s t e o b l a s t i c  a c t i v i t y  is 

the prominent event  and conversely n e g a t i v e  s t u d i e s  i f  absent .  

f i n d i n f i  is t h e  common one, but  t h e r e  are many except ions  t o  t h i s  observacion.  

This 

c 

A .  The Spine 3 S L L  
Some d i f f e r e n c e  due t o  tomographic e f f e c t  of focused c o l l i m a t o r s  
used with rectilinear scanners  versus  gamma cameras must be considered.  

1. Ver tebra l  godies  . '.I I? 
a .  Best on p o s t e r i o r  p o s i t i o n  where lumbar reg ion  is seen  

w e l l  stcn e s p e c i a l l y  wi th  l a r g e  p a t i e n t s .  
i, as being of uniform d e n s i t y .  Hip and femoral heads"are  V '  

' ?i 
.H. l'lie S k u l l  

! , . . , ( a  

I .  C r a n k :  v a u l t  and f a c i a l  s t r u c t u r e s  are w e l l  seen ( su tures  I( ; 

2 .  liane or; skull 
3. Externa l  o c c i p i t a l  protuberance 
4. 

secn i n  clii1drc.n). 

I f  POSi'tfVQ imnye is seen,  obtg in  ver tex  view t o  exclude 
i n t r a c ? a n i a l  diucatie. 

I ! . 
I I 1 3 2 2 4  



C. 

I, 

D. 

E. 

- The Thoracic  Region 

1. I n f e r i o r  angle  and s p i n e  of scapula  are well seen.  Sternum 
and o s s i f i c a t i o n  c e n t e r s  and s t e r n o c l a v i c u l a r  j o i n t s  (watch 
f o r  assymetry. Occasional ly .  c o s t o  chondral  j u n c t i o n s  a r e  
well seen.  

The Lon3 Bones 

1. Small bones i n  wrists, hands, and f e e t  are f requent ly  
e a s i l y  v i s i b l e  due t o  l a r g e  propor t ion  of cance l lous  

' t o  c o r t i c a l  bones. Good d e t a i l  achieved with pinhole  
co l l ima to r .  

Other Norm1 S i t e s  of Increased Uptake 

1. 
2 .  

Epiphyses and apophyses i n  j u v e n i l e s .  
J o i n t s  - v a r i a b l e  and sometimes assymetric. 
a .  S a c r o - i l i a c  j o i n t s  u s u a l l y  show. increased  uptake. 

S a c r a l  t u b e r c l e  nonnal,ly prominent @4%). [ B l e i  L . ,  
e t  a l . ,  The S a c r a l  Tubercle  - A Cause fo r  Hot Spots  on 
Bone Scan. C l i n  Nuc Med 3: 351-354, 19781. 

b. Skull - pet rous  pyramids and f a c i a l  bones 
c .  C a r t i l a g e  - watch f o r  thyroid c a r t i l a g e  
d .  

3 .  Organs 

Shoulder uptake corresponding t o  handedness and/or  
pos 1 t i o n .  

a .  Kidney and bladder  
b. Breas t  
c .  El cardium 

a .  Thyroid 
b.  S a l i v a r y  Gland, Sinuses  
c .  Stomach 
d.  Bowel 
e. Liver  ( r a r e )  

4 4 .  Free  ' 9 ~ c  0 

5 .  Technical  - change i n  d i s t a n c e  of s p i n e  from col l imator  

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

u. 

c .  

~ e c i f i c l t y  of Bone Scans - cannot  d i s t i n g u i s h  benign from 
malignant d i sease .  

- S o f t  --- Ticsu; I n j u r y  

Post-operat ive s i t e s ,  myocardial i n f a r c t i o n ,  CVA. 

--_.__-- V r r t e b r o l  Bodles 

Nost coi:mon s i t e s  for bony metas tas i s .  

F 1 a y ed Sccl,n_n_!~g 

I .  [n p a t i w i t s  who caunot cinpty b ladder ;  t o  increase  t a r g e t /  
iion-tar&cc r a t l o .  

I I 1 3 2 2 5  
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u .  

E. 

F. 

Delayed ScanninA (cont inued)  

2 .  I n  p a t i e n t s  with ques t ionahle  dcns i t i e f f  a t  2-3 hours.  A t  
12-24 hours occas iona l ly  an abnormality v l l l  appear hccter 
v i s u a l i z e d  tlian a t  the  e n r l i e r  time. 

a o t  Images using pinhole  or o t h e r  co l l imator  (converging or  
d iverg ing)  a s  ind ica ted  is o f t e n  u s e f u l .  Oblique and l a t e r a l  
views are o f t e n  h e l p f u l .  The oppos i te  s i d e  slioiild be imaged 
Cor coniparison. 

Metas t a s e s  

Metastases  to  the  ske le ton  may show a s  s i n g l e  o r  mul t ip le  a r e a s  
of increased uptake. 
be involved,  b u t  sp ine ,  r i b s ,  and p e l v i s  a r e  the most f requent ly  
observed. 

The most f requent  tumors with bone metastases  found i n  c l i n i c a l  
p r a c t i c e  are cancer of t h e  b r e a s t ,  lung and p r o s t a t e  gland 
(12). 

A c l e a r  d e c i s i o n  f o r  preopera t ive  bone scans  i n  p a t i e n t s  with 
o e r a b l e  Breast  Cancer is not  en t i re ly  resolved.  P a t i e n t s  with + l e s i o n s  2 cm i n  dinmeter tend not  t o  have p o s i t i v e  acans.  
V i t h  increase  i n  l e s i o n  s i z e  nnd t h e  presence of p o s i t i v e  
a x i l l a r y  nodes r a t e s  of t r u e  p o s i t i v e  scans range from 6% to  
about 25%. T h e  v a r i a t i o n  i o  d u e  t o  s e v e r a l  f a c t o r s :  s i z e  of 
tumor, d i f f e r e n c e s  In h o s p i t a l  popula t ions ,  d i f f e r e n c e s  i n  
tcchniqiic, problems of FP and FN i n t e r p r e t a t i o n .  PN inc lude  
e a r l y  very snia11 metas tases ,  l ack  of an o s t e o b l a s t i c  response,  
l e s i o n s  of pubis  and ischium. 
of p o s i t i v e  bone scans.  
needed t o . r e s o l v e  t h i s  problem. The subsequent development of  
metastases  is r e l a t e d  t o  the  s i z e  and e x t e n t  of the  o r i g i n a l  
tumor. 

* 
-- 

P r a c t i c a l l y  any bone of t h e  s k e l e t o n  may 

FP inc lude  the  mnny o t h e r  causes 
CT, observa t ion  and biopsy may be 

Hcfercnccs: Bone scanning i n  b r e a s t  cancer .  Drit. M.J. 2: 180- 
181, 15 J u l y  1978. 

Galarko CSB. Problems assoc ia ted  w i t h  the  detect ion of s k e l e t a l  
nietastases. J. Roy. SOC. Ned. 71: 38-41, 1978. 

NcNeil BJ e t  ill. 
pa t ia t i t s  with primary cnrcinoma of t h e  b r e a s t .  Surg, Gynec and 
Q b s t  147: 7 4 5 - 7 4 8 ,  1978. 

Preopera t tve  and fol low up of bone scans i n  

Clark DC e t  sl. I n d i c a t i o n s  f o r  bone scans  i n  p reopcra t ive  
eva lua t ion  of b r e a s t  cancer .  Am .I Sury 135: b67-670, 1978. 

i 
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H. The P a t i e n t  with Dif fuse  Increase  Uptake i n  Skeleton (14,15,16) 

Dif fuse  or synmetric increase  uptake is  not  a r a r e  s i t u a t i o n .  
The importance of this p o s s i b i l i t y  stems from the f a c t  t h s t  a 

,symmetric d i f f u s e  uptake may be e a s i l y  overlooked. 
w 

U 

This  f i n d i n g  has been noted i n  m e t a s t a t i c  cancer  of the p r o s t a t e  
and d i f f u s e  lymphoma and cancer  of t h e  r e n a l  pe lv is .  
cxpectcd i n  metabol ic  bone d i s e a s e  due t o  hyperparathyroidism 
and osteomalacia .  
and hypertrophic  pulmonary os teoar thropathy  present  with symmetric 
I I O I I C  Lnvolvcmenc. 
rciial osteodystrophy where i t  may represent  secondary hyperpara 
thyroidfsm. 
minosis D :  Case r e p o r t ,  J Nuc Med 18: 1205-1207, 19771. 

I t  is also 

In our l a b  we have found Paget ' s  of the s k u l l  

I t  can occur  i n  hypervl taminosls  D and a l s o  i n  

(Fogelman e t  a l .  Bone scan- f indings  i n  hypervi ta-  

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

A cold l e s i o n  may occur as t h e  s o l e  abnormality i n  a bone 
scan and i t  has been recognized most f requent ly  in t h e  v e r t e b r a  
and long bones, I t  has been descr ibed i n  the  following condi t ions :  

1. M e t a s t a t i c  d i s e a s e  of d i f f e r e n t  sources  
2 .  Post- t raumatic  a s e p t i c  necros is  
3. S i c k l e  c e l l  anemia wi th  bone i n f a r c t i o n  
4. Chronic r e n a l  F a i l u r e  

Pathogenesis OF c h i s  t y p e  of condi t ion  has  not  been e luc ida ted  
b u t  i n t e r r u p t i o n  of blood s u p p l y  appears  t o  be a prominent f a c t o r .  
Conccivably a poor o e t e o b l a s t f c  r e a c t i o n  surrounding an a r e a  of  
n e c r o s i s  or  tumor would r e s u l t  i n  a "cold" a r e a .  

See Table 111. 

J. The Fa lse  Negative and False P o s i t i v e  Bone Scan 

False negat ive  bone scans  may result  when r a d i o a c t i v i t y  i n  
t h e  l e s i o n  is not  i n t e n s e  enough, when the  l e s i o n  is mostly 
o s t e o l y t i c  (e.g., 502 of' m u l t i p l e  myeloma) or when the  d i s e a s e  
process involves  the  ske le ton  i n  a d i f f u s e  or synlmetric fash ion .  

Fa lse  p o s i t i v e  scuns a r e  Been muinly an a consequence of 
contaminat ion w i t h  u r i n e  and a t  t h e  s i t e  of i n j e c t i o n .  
technetium l a b e l  i s  poor,  uptake by t h e  thyro id  gland and t h e  
stomach may b e l a  source of confusion.  
a r e a  of r a d i c a l  mastectomy presumably due t o  decreased a t t e n -  
ua t ion  of  
Increased u p t &  i n  a r e a s  of post-surgery s c a r s ,  biopsy s i t e s ,  
normal or pa thologic  b r e a s t  tissue, s o f t  tissue. inflammation 
,ailif iiiyocard La1 and c e r e b r a l  i n f a r c t s  occurs .  

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

causes  aiid condlclons can b e  l l s t o d  a s  [ollous: 

If t h e  

Increased uptake i n  the  

y rays by removed soft t i s s u e  has  been observed. 

T I I L ~  coirJILion IIOX lwcn tounc~ In  many clrcumstanccs.  'Tlie 
W 

I I 1 3  2 2 1 1. Uptake ' i n  Osteoid Forininl; Tissues 
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BONE LblACINC 
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K .  Increased Concentrat ion i n  E x t r a s k e l e t a l  T issues  ( c o n ' t . )  

a .  Myos i t i s  o s s i f i c a n s  
b. Di f fuse  c a l c i n o s i s  
c. Metastatic os teosarcoya  
d. Osseous metaplas ia  in s o f t  tissues or lymph nodes 
e. Ectopic  c a l c i f i c a t i o n  in p a r a p l e g i c  p a t i e n t s  
f .  Metastases  of bladder  (wi th  osseous metaplas ia )  
g .  C a l c i f i c  t e n d o n i t i s  

c 

I n  t h e  above condi t ions  concent ra t ion  of  bone seeking agents  
is expected and probably r e l a t e d  t o  t h e  presence of  hydroxyapa- 
t i t e  a s  well as immature co l lagen  matr ix .  

2 .  "Non-os teoid" forming t i s s u e s  . 

a .  Thoracotomy and post-surgery s c a r s  
b.  S o f t , t i s s u e  inflammation 
c .  Brain i n f a r c t i o n  
d .  Brain astrocytoma 
e .  Brain metas tases  from lymphoma 
f .  Myocardial i n f a r c t i o n  

The mechanfsm of uptake is not  known but  increased  blood flow 
and concent ra t ion  of t h e  i s o t o p e  by t h e  co l lagen  and intracellular 
s t r u c t u r e  could be involved. 

L. The S iRni f icance  of Kidney Abnormali t ies  I n c i d e n t a l l y  Found 
During Bone Imaging (20-23) 

This p o i n t  tias been r e c e n t l y  brought t o  a t t e n t i o n  s i n c e  many 
of  t h e  bone seeking  rad io iso topes ,  s p e c i f i c a l l y  t h e  Tc-Phosphate 
compounds, are a v i d l y  concent ra ted  by the  kidneys enabl ing us 
t o  observe some anatomic d e t a i l  of the  kidneys and excre tory  
systcm. The fo l lowing  poin ts  should be emphasized: 

1. Tire is no good c o r r e l a t i o n  between kidney concent ra t ion  
of  "F-Fluoride and r e n a l  func t ion .  

Hence, kidney asymmetry dur ing  '*F-Fluoride bone scanning 
is u n r e l i a b l e  t o  p r e d i c t  r e n a l  dfsease .  

2 .  

3. The o v e r a l l  accuracy and t h e  l e v e l  of confidence when 
kidney3 a r e  found morpholoyically abnormal a r e  high. 

In g e d r a l ,  information regard ing  kidney morphology and 
f u n c t l o n  appears  t o  be s i m i l a r  wi th  (111 Eour c u r r e n t l y  
used TC-Phosphate compounds. 

The moit common c o n d i t i o n s  t h a t  can be de tec ted  dur ing  
bone imaging in g e n e r a l  c l i n i c a l  p r a c t i c c  are - 
p. 

4. 

5 .  

B i l a t e r a l  decreased v i s u a l i z a t i o n  duc to: 
1, b i l a t e r a l  kidney d i s e a s e  ' 

2 .  increased  bone uptake ( " s t e a l  phenomena") 

I 1 1 3 2 2 8  
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L. 3i-c SignLf icancaoCKidney Abnormalit ies, .  . (con' t )  

b. 

d .  Absent kidney: c o n g e n i t a l l y ,  s u r g i c a l l y ,  d e s t r u c t i o n  

e.  O b s t r u c t i v e  uropathy w i t h  d i l a t e d  e x c r e t o r y  system 
f .  Uisylaccrneiit ol' b lnddor  by p e l v i c  tunior 

Small kidney due t o  u n i l a t e r a l  d i s e a s e  
w c .  Space occupying leslons: tumors, c y s t s ,  d i l a t e d  ca lyces  

by encroaching process  

r;. EcLopiL 10~*.7LLon 

Some p c r t t n e n t  p o i n t s  a rc  t o  be  considered wlicii d e a l i n g  wi th  

t h e  p e d i a t r i c  age  group. 

W 

1. 

2 .  

J .  

4 .  

5. 

The presence of normal variants inhereril: t o  t h i s  group 
such a s  t h e  increiised uptake in j u x t a - a r t i c u l a r  a r e a s .  

P o s i t i v e  bone sciins due t o  n ie tas ta t lc  discasc of p e d i a t r i c  
neoplasms, i .c.  W i l i n s  Tutnor, neuroblastoma, leukemia, 
rliabdomyosarcoeia. 
d i s e a s e  and evalunt'jnp t rea tments .  
hone J.maglni: may - ! h a  tlic l e s i o n  nltlioiigli x-ray may be 
p o s i t i v e .  [Keference - Kaufman RA c t  111. F a l s e  nega t ive  
bone scans  i r i  ncuroblastoiw metestni ic :  t o  en& of long 
Ibo;icw. Am . I .  lioc*iIgenol. L.30: 131 -1J5, LY78). 

1:rcquency of r ro l j t s ry  l e s i o n s  are mnre l i k e l y  t o  be 
assoc i rccd  w l . t l i  prlmary bone tumors. Bcnjgn tumors 
tnku u p  l e s s  a r . t l v t t y  than  do nialip,nant o m s .  
is u s e f u l  j n d c t ~ i ~ m i r r i ~ i f i  e x t e n t  of o s t e o b l a s t i c  tumors, 

D i f f e r e n t i a l  d h p n o s e s  between o s t e o m y e l i t i s  and c e l l u -  
l i t i s .  T h i s  io a f requent  s i t u a t i o n  w l l i c l i  poses a 
d i f f i c u l t  probleili s i n c e  c l in i ca l  and r a d i o l o g i c  f i n d i n g s  
may n o t  be conclus ive .  I n  t h i s  regard ,  comparing e a r l y  
"blood pool" p1ctl:res w i t h  t h e  convent t o n a l  delayed s c a n  
is o f t e n  IiclpCul. 11) solt tissue inflananatfoii o r  i n f e c t i o n ,  
the  e a r l y  blood pool  scans show a g r c u t e r  concentrarion 
of th* rndio lso to iw when compared wi th  t h e  delayed scan. 
The r e v e r s e  is unu.illy found in c u e s  OI oscuomyel i t i s .  
High sensi ' t J .vi ty  ;ind p inhole  c o l l i m a t o r s  arc of t e n  h e l p f u l  
vhcn cleazing wi th  smal.1 c h i l d r e n .  Saptic a r t h r i t i s ,  
d i sc i t i s ; !  ( spondylar t l i r l t in )  , bone i n f a r c t s  in s i c k l e  cell 
diactise r e q u i r e  concldcraticrn i n  the  di  l f e r e n t i a l  d i a g n o s i s .  

Asept ic  n e c r o s i s .  
11p:nke. '?.Later uptaka w i l l  Le Incraclscd. I n  P e r t h e ' s  
tiiswise Uetvotomy may decrease  uptake.  
tecliniqiig linportont f o r  b i l a t e r a l  disease nnd t o  follow 
course.  ' f!u;inLi enLj VL. tecliiilque iiiily hr v;iJ.unhlc. 

Val.uable i n  following course  of 
Z i i  neuroblastoma 

'Imaging 

l f  iinagcd e a r l y ,  may show decreased 

, \ t tnn t ion  t o  

I 1 1 3 2 2 9  .( 
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M. Bone Scanning in P e d i a t r i c s  (con’t)  

Per the’s  d i sease :  C l i n i c a l  eva lua t ion  of a q u a n t i t a t i v e  
technique f o r  es t imat ing  tracer uptake, B Nucl Med 19: 884- 
890, 1978. 

Sty JR. Panner’s  d i s e a s e  (Osteonecrosis  o l  che capi te l lum) .  
Clin Nuc Med 3: 1 1 7 ,  19781. 

6 .  

u’ 

Discit is  - S p o n d y l a r t h r i t i s  - O r i g i n a l l y  descr ibed  by 
Sacngcr (Am J Rocntgcnol 64: 20-31, 1950) by x-ray. 
Scanning r c v c a l s  increaricd a c t i v i t y  i n  ad jacent  v e r t e b r a l  
bodies .  [Reference - Wenger DR e t  a l .  The spectrum of 
i n t e r v e r t e b r a l  disc-space i n f c c t l o n  i n  c h i l d r e n ,  J Bone 
6 J o i n t  Surg 60A: 100-108, 19781. In one repgljted case  
t h e  TC diphosphonate scan’was normal but  the  
was p o s i t i v e .  [Reference - Norr i s  S e t  a l .  Early d iagnos is  
of disc-space i n f e c t i o n  us ing  gal l ium 67. J Nucl  Med 19:  
384-386, 19781. 

Ca scan 

7 .  Eletabolic and congeni ta l  bone d i s e a s e s .  A c t i v i t y  o f t e n  
increased but  n o t  always. Perhaps n f u n c t i o n  of p a t i e n t ’ s  
age. Q u a n t i t a t i v e  techniques may b e  usefu l .  [Reference - 
Sty J R  e t  a l .  Bone s c i n t i g r a p h y  demonstrnting Englemann’s 
d i s e a s e .  C l i n  Nuc Mcd 3: 69-70, 19781. 

[References - Khyce MP e t  a l .  99mTc Pyrophosphate bone 
imaging in o s t e o p o i k i l o s i s ,  o s t e o p a t h i a  s t r i a t a  and 
meleorheostosis .  Radio1 127: 439-443, 1978. 

Epstein DA e t  a l .  Bone s c i n t i g r a p h y  i n  h e r e d i t a r y  m u l t i p l e  
exos toses .  Am J Roentgen01 130: 331-333, 1978. 

Park H-M e t  al. S k e l e t a l  and r e t i c u l o e n d o t h e l i a L  imaging 
i n  o s t e o p e t r o s i s :  Case r e p o r t .  J Nuc Med 18: 1091-1095, 
19771. 

8. General  References - Good review a r t i c l e s  

Harcke llJ Jr., Bone imaging i n  i n f a n t s  and c h i l d r e n :  A 
review. J Nuc Med 19: 324-329, 1978. 

Conway JJ ,  Radionucl ide bone imaging i n  p e d i a t r i c s .  Ped 
Chn N Am 24: 701-712, 1977. 

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

- Radiology 107: ,551-555, June 1973, S i l b e r s t e i n  e t  a l .  

’ 

or 

I. < 
18Ten pa t ience  wi th  Ca and suspected m e t a s t a s i s  had 99”Tc-EHDP 

F bone scans  and a roentgenographic  s k e l e t a l  survey.  

INDP X-RAy T o t a l  Eiets - 18F 
t ,  - 

II Mets 33 59 1 7  60 
x of T o t a l  . 562 98% 28% l O O X  , 

I I I3230 I 

. .- 

J 
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V I .  GALLIUM 67 FOR BONE I X A G I N G  

67Ga may be u s e f u l  in circumstances where 99?c phosphorus compounds ' 

appear' t o  g ive  normal images a s  occas iona l ly  in o s t e o m y e l i t i s ,  s e p t i c  
a r t h r i t i s .  
I t  may b e  more u s e f u l  i n  showing t h e  e x t e n t  of s o f t  t i s s u e  ex tens ion .  
chief  drawbacks a r e  t h e  h igh  energy of its photons r e s u l t i n g  in i o o r  r e s o l u t i o n .  
I t  is s u p e r i o r  t o  radiography but  g e n e r a l l y  not  as r e l i a b l e  as gb?c compounds. 
I n  s e l e c t e d  cases where 99mTc appears  equivoca l  o r  a t  v a r i a n c e  wich expec ta t ion  
i t  should be u t i l i z e d .  (Reference - Handmaker H e t  a l .  Gallium imaging i n  
p e d i a t r i c s .  J Nuc Med 18: 1057-1063, 1977). 

In primary bone tumors it c o r r e l a t e s  w e l l  wi th  99Wc compounds. 
I ts  

VII. DISEASES OF JOINTS 

J o i n t  abnormal i t ies  f r e q u e n t l y  show increased  a c t i v i t y  wi th  99mTc phosphorus 
compounds. 
bone surveys. It is prudent  t o  examine t h e s e  j o i n t s  c l i n i c a l l y  o r  by x-ray 
t o  exclude o t h e r  causes  f o r  v i s u a l i z a t i o n .  

O s t e o a r t h r i t i s  j o i n t s  are f r e q u e n t l y  v i s u a l i z e d  i n  t h e  course of 

I n  rheumatofd a r t h r i t i s  bone scanning agents  u s u a l l y  show more j o i n c s  t o  
be involved than  are found c l l n i c a l l y  and o t h e r  forms of a r t h r i t i s  show s i m i l a r  
f ind ings .  S e p t i c  a r t h r i t i s  is r e a d i l y  v idua l ized .  The p e r i - a r t i c u l a r  a c t i v i t y  
is u s u a l l y  increased  due t o  increased  blood flow and l o c a l  r e a c t i o n .  Symmetrical 
abnormal increased  i n  a c t i v i t y  of Involved j o i n t s  is  sometimes d i f f i c u l t  t o  
reso lve  e s p e c i a l l y  wi th  involvement of e a c r o - i l i a c  j o i n t s .  Although some 
i n v e s t i g a t o r s  f i n d  obta in ing  j o i n t  t o  sacrum count r a t i o s  t o  be va luable  i n  
f i n d i n g  and s t a g i n g  s a c r o - i l i a c  d i s e a s e  (Dequeker e t  a l .  Sc in t iCraphic  inves- 
t i g a t i o n  of s a c r o - i l i a c  d isease .  J Nuc Med 19: 119-120, 1978), and o t h e r s  
(Lent le  BC e t  a l .  J Nuc Med 19: 120, 1978) d isagree  i n  i t s  usefu lness  f o r  
t h e  d i a g n o s i s  of ankylosing s p o n d y l i t i s .  

A p a i n f u l  t o t a l  h i p  'or knee p r o s t h e s i s  suggoscs p o s s i b i l i t y  of loosening 
of one o r  more components. 
sc reening  procedure t o  determine loosening o r  o t h e r  complicat ions.  The bone 
scan alone l a c k s  s p e c i f i c i t y  but  approaches 100% s e n s i t i v i t y  f o r  loosening and 
o r  i n f e c t i o n .  I f  t h e  bone scan is negat ive ,  no f u r t h e r  work-up is necessary 
a t  t h a t  time. Recent i n t e r e s t  has  been d i r e c t e d  t o  the  combined use of Tc- 
MDP and ga l l ium in t h e  e v a l u a t i o n s  of a p a i n f u l  t o t a l  hfp p r o s t h e s i s .  Both 
s t u d i e s  are needed as t h e  i n t e r p r e t a t i o n  depends on t h e  presence of abnormal 
uptake p l u s  t h e  p a t t e r n  of abnormal uptake,  t h a t  is  t o  a s s e s s  t h e  congrui ty  
o r  incongrui ty  of t h e  p a t t e r n s  of abnormal uptake. 

Imagine wi th  a Tc phosphate complex is an effect ib , :  

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

CONGRUENT IKCONGRUENT BONE SCAN ;i GALLIUM SCAN 

LOOSENING + - - 
INFECTION + t 

- 
- + 

OR + ( I N T ~ S E )  + + - 
TRAIfilA + + + - 

V I I I .  QUANTITATIVE TFjCHNIQUES 

Among t h e s e  methods c u r r e n t l y  u t i l i z e d  is t h a t  using probes (Park e t  al, 
A q u a n t i t a t i v e  eva lua t ion  of rheumatoid a r t h r i t i s  a c t i v l t y  wi th  Tc 99m HEDP, 
J Nuc Med 18: 973-976, 1977) wi th  counts  over  a f f e c t e d  and normal areas a t  
s p e c i f i c  t i m e s  a f t e r ,  

_. -. . - 
I 1  i , i j i  
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review of e a r l i e r  images t o  e v a l u a t e  t reatment  in rheumatoid 
a r t h r i t i s .  Anothcr method uses  reg ions  of i n t e r e s t  and e x t e r n a l  
s tandards  t o  estimate t h e  amounts of a c t i v i t y  taken up in var ious  
p a r t s  of the  ske le ton  in Paget ’s  d i s e a s e  [Lurye DR e t  a l .  An 
improved method f o r  q u a n t i t a t i v e  bone scanning,  J Nuc Med 18: 

.1069-1073, 1977). A t h l r d  method uses  ser ia l  measurements a t  
f requent  i n t e r v a l s  up t o  24 hours wi th  a shadow s h i e l d  whole 
body monitor [Fogelmn e t  a l .  Thc use  of whole body r e t e n t i o n  o f  
Tc  9Ym diphosphonate in the  d iagnos is  of metabol ic  bone d i s e a s e  
J Nuc Med 19: 270-275, 1978; see a l s o  Holmes RA, e d i t o r i a l ,  Quan- 
t i f i c a t i o n  of s k e l e t a l  Tc-99m labe led  phosphates t o  d e t e c t  meta- 
b o l i c  bone d i s e a s e ,  J Nuc Med 19: 330-331, 19781. This  technique 
d i f f e r e n t i a t e d  p a t i e n t s  wi th  r e n a l  osteodystrophy,  Paget ’s  d i s e a s e ,  
osteomalacia  and primary hyperparathyroidism from normal s u b j e c t s .  
P a t i e n t s  with os teoporos is  d i d  n o t  d i f f e r  from normals. 

L 

I X .  MISCELLANEOUS 

Carefu l  eva lua t ion  of jaws and r e l a t e d  s t r u c t u r e s  can r e v e a l  
p o s i t i v e  images a s s o c i a t e d  wi th  e x t r a c t i o n  s i t e a ,  pulp and per idonta l  
i n f e c t i o n s  and l o c a l  i r r i t a t i o n  [Tow DE e t  ~ l .  Bone scan in d e n t a l  
d i s e a s e ,  J Nuc Mcd 19: 845-847, 19781. 

The use  of s i n g l e  photon emission tomography of f a c i a l  bones 
us ing  a s p e c i a l  c o l l i m a t o r  and Tc Pyrophosphate compounds g ives  
improved r e s o l u t i o n  of f a c i a l  bones and improves t h e  s tudy  of 
tumors, i n f e c t i o n s ,  bone g r o f t s  and p o s t  i r r a d i a t i o n  os teonecros is  

brown ML e t  a l .  F a c i a l  bone scanning by emission tomography, J Nuc 
bled 18: 1184-1188, 19771. 

X. C M T  APPROACH AND REFERENCES 

The gamut approach t o  roentgenology has  been appl ied  t o  nuclear  
medicine. 
than roentgen l e s i o n s ,  t h e  approach h a s  been usefu l .  - 

Though s c i n t i s c a n  abnormal i t ies  are less s p e c i f i c  

A r e c e n t  gamut prepared by one of our r e s i d e n t s  is included.  
I t  conta ins  a comprehensive l i s t  of re ferences ,  

TABLE 11 

SINGLE LOCALIZED AREA OF INCREASED RMIONUCLIDE UPTAKE ON A BONE SCAN 

COMMON 
ji 

1. N e t a s t a t i c  tumor ( lung ,  b r e a s t ,  p r o s t a t e )  (26,67) 

2 .  Post  thoragotomy/surgery s c a r  (26,28) 

.3. 

4. Normal v a r i a n t s  (shoulder  , sternum) (29) 

V e r t e b r a l  body compression f r a c t u r e  (26) 

3 

I i - 1 3 2 3 2  
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TABLE 11 

1. 

2 .  

3 .  

4 .  

5 .  

6. 

7 .  

0 .  

1. 

2 .  

3. 

4 .  

5 .  

6. 

7 .  

v 

( c o n ' t )  

LESS COMMON 

M e t a s t a t i c  tumor ( c e r v i x ,  neuroblastoma i n  c h i l d r e n )  (27,30)  

Primary bone tumor (Euing's sarcoma, osteosarcoma, o s t r o -  
chondroma) (26,31) 

Lymphoma (26,27) 

Efonarticular degenerat ive d i s e a s e  (26)  

Trauma - f r a c t u r e  o t h e r  than v e r t e b r a l  body, biopsy s i t e ,  
p r o s t h e s i s  s i t e )  (26)  

Os teomyel i t i s ,  pyogenic (26) 

Per idonta l  d i s e a s e  (33 )  and post tooth e x t r a c t i o n  

Paget ' s  d i s e a s e  (26 ,27 )  

Metas ta t ic  tumor ( t h y r o i d ,  r e n a l ,  melanoma, pancreas ,  o ther  
g a s t r o i n t e s t i n a l )  (27) 

Primary bone tumor (f ibrosarcoma,  chondrosarcoma, g i a n t  c e l l  
tumor, f i b r o u s  d y s p l a s i a ,  enchondroma, o s t e o i d  osteoma, bone 
c y s t ,  hemangioma) ( 2 6 ,  32-35) 

Mult ip le  myeloma (27) 

Aseptic  n e c r o s i s  (32) 

O s t e i t i s  p u b i s  (32) 

Osteomyel i t i s ,  TB (26,36) coccidiomycosis (27) 

Extra s k e l e t a l  c a l c i f i e d  and non-ca lc i f ied  tissue uptake 
[ b r e a s t  carcinoma (29,34) , neuroblastoma (37,38) , neuro- 
fibroma (39) .  b r a i n  m e t a s t a s i s  f rom lung carcinoma ( 3 4 ) .  
c e c r l / r e c t a l  carcinoma ( 3 4 ) .  nasopharyngeal carcinoma (34) , 
fibrosarcomg ( 3 4 ) ,  s o f t  tissue absceso (40) ,  b r a i n  i n f a r c t i o n  
(41), myocardial  i n f a r c t i o n  and o t h e r  a r e a s  of t i s s u e  n e c r o s i s ,  
Hodgkin's involving sp leen  (42) ,  leukemic i n f i l t r a t e s  (355, 
myosi t i s  o s q i f i c a n s  ( 4 3 ) ,  c a l c i f i c  t e n d o n i t i s  (32). thrombo- 
p h l e b i t i s  ( % ? ) I .  
m e t a s t a t i c  Idclanoma and chronic  r e n a l  d i s e a s e  [Veukatesh 
e t  a l .  MetObtatiC c a l c i f i c a t i o n :  the  r o l e  of bone scanning,  
Radiology 129: 755-758, 1978;  Rosenthal DI, Uptake of bone 
imaging agents  by d i f f u s e  pulmonary m e t a s t a t i c  c a l c i f i c a t i o n ,  
Am .I Koentgenol 129: 871-874, 1977; Oren VO e t  a l . ,  L6g$rc 
metastases a'f o a t  c e l l  carcinoma of lung de tec ted  on 
dIphosphonate bone scan,  C l i n  Nuc Med 339325-357, 1978 - has 
Q good t;lble,oC s o f t  tissue uptake with Tc bone imaging 
~i~:c'nls I , 

Also in lung, stomach, l i v e r .  kidney. i n  

I 
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TABLE I1 ( c o n ' t )  

8 .  Gout ( 2 6 )  

9. P e r i o s t i t i s  (31) 

10. Meningiomas (44) 

11. Scurvy - [Front  D e t  a l . ,  Bone s c i n t i g r a p h y  i n  scurvy,  J Nuc 
Med 19: 916-917, 1978). 

TABLE 111 

DECRMSED RADIONUCLIDE UPTAKE ON A BONE SCAN 

AVASCULAR AREAS 

Asept ic  n e c r o s i s ,  bone i n f a r c t s  
Radia t ion  therapy ( l a t e  e f f e c t )  
Lack of weight bear ing  stress . 
Metas tas i s  
S i c k l e  Cell C cr is is  
Chronic r e n a l  f a i l u r e  
Acute o s t e o m y e l i t i s  
ReEerences: Ceorgen e t  a l . ,  J Nuc Med 15: 1120-1124, 1974 

Pordham ec al., Sem Nuc Ked 4: 411-429. 1974 
Q u i n t  PA,  Radio1 130: 751-752, 1979, #Sa. 

TABLE I V  

L 

Abnormal, Fa lse  Abnormal and F a l s e  Normal Abnormali t ies  i n  Bone i a g i n g  
S i l b e r s t e i n .  EB, J Nuc Med 17:,229-232, 1976 

Abnormali t ies  g e n e r a l l y  show increased  uptake of radiopharmaceut icals  

A .  True Abnormal 
1. Tumor, primary o r  secondary 
2. F r a c t u r e s  and s u r g i c a l  osteotomy 
3. "Metabolic" 

a .  hyperparathyroidism 
b .  Paget ' s  d i s e a s e  

d. 
c .  o s t e o p o r o s i s  

osteomalacia  and occas iona l  pseudofractures  of r i b s  
[Foglelman e t  a l . ,  The r o l e  of bone scanning i n  
ostqbmalacia ,  J Nuc bled 19: 245-248, 1978; Fogelman 
e t  8'1.. Peeudofracture  of t h e  r i b s  d e t e c t e d  by bone 
scanning,  J Nuc Med 18: 1236-1237, 19771. 

4. Inflnmnebion of bone 
a. o s t e p m y o l i t i s  
b. absc!ss 
E .  ater l le  o a t e i t i s  (e.g. o s t e i t i a  pubis )  
d. granuloma inc luding  s a r c o i d ,  e o s i n o p h i l i c  granuloma 
e.. hyperos tos i s  f r o n t a l i s  i n t e r n a  
f . f ibrbua d y s p l a s i a  
g, hyper t rophic  pulmonary os teoar thropathy  

J 
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TABLE I V  ( c o n ' t )  

5 .  A r t h r i t i s  
u 

a .  o s t e o a r t h r i t i s  
b .  rheumatoid a r t h r i t i s  
c .  gouty ar thr i t is  

6 .  SoEt- t issue c a l c i f i c a t i o n s  
a .  myos i t i s  o s s i f i c a n s  
b .  s o f t - t i s s u e  osseous metaplasia  
c .  s o f t - r i s s u e  tumors with c a l c i f i c a t i o n  o r  e c t o p i c  

bone formation 
d .  vascular  c a l c i f i c a t i o n ,  e s p e c i a l l y  femoral a r t e r y  
e .  c a l c i f i c  t e n d o n i t i s  
f .  abscess  
g .  i n f a r c t ,  c e r e b r a l  or myocardial  
h. thrombophlebi t is  

a .  surrounding t h e  bone i n f a r c t  

a .  tumor 
b .  disuse of l i m b  (may a l s o  be increased with os teoporos is )  
C .  vascular  o b s t r u c t i o n  (e .g . ,  s i c k l e  c e l l  d i s e a s e ,  a s e p t i c  

7 .  Vascular 

8. Decreased uptake 

n e c r o s i s )  

U. False ly  Abnormal 
1. Renal a r t i f a c t s  o r  d i s e a s e  

a. 
b .  

hydrouro ter-hydronephroeie vi t h  99mTc-diphosphona t e  
contaminat ion of c l o t h i n g  or  s k i n  wi th  u r i n e  

2 .  Recent s u r g i c a l  procedures  on bone or s o f t  tissue 
3. biopsy site 
I. Colloid formation wi th  l iver -sp leen  uptake 

C.  F a l s e l y  Normal 
1. 

2 .  Purely l y t i c  l e s i o n s  (e.g. ,  some myelomas) 
3. Jewelry,  p ros theses ,  pacemaker overlying a l e s i o n  

Lesions of smal le r  s i z e  than the reso lv ing  power of the 
sys tern 

TABLE V 

B i l a t e r a l  LovOr Limb Uptake of Bolie Scanning Agents, i n  
R.P. Spencer and J.A. Datu, Sem Nuc Med 10, (53): 314-316,1980 

Some causes  of b i l a d e r e l  lower limb uptake of bone imaging agents  a re :  

COMMON 

1. "Calcif ied" kcmoral v e r s e l s  
2. Trauma (and b a t t e r e d  c h i l d )  
3. S t r e s s  f r a c t u r e s  
4. Aseptic n e c r o s i s , *  os teonecroe ie  

W *increased uptake is l i k e l y  o u t s i d e  of t h e  a f f e c t e d  region.  

I I 1 3 2 3 5  
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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 o r  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 w e l l  established by bono scdns. 

I 1 1 3 2 3 b  
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